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/ Oral Valium (diazepam) can provide 

dependable relief when the patient 

"a | hospitalized for general surgery 

=| experiences excessive psychic tension | 

à -| It’s natural for the patient to be somewhat anxious about ae 

surgical procedure. And often your reassurance and counseling can allay 

the apprehension. But sometimes, despite these measures, excessive anxiet™ 

causes the patient undue strain. At these times, Valium can be beneficfal. 

It's provided in three tablet strengths, so dosage can be easily individualizec 

to gain optimal response promptly. And if anxiety and tension are especiall mm 

troublesome at bedtime, an /.s. dose can be added to a b.i.d. or t.i.d. regimer 
Valium is usually well tolerated in recommended dosage: 

lower initial doses (2 to 2¥2 mg) should be used for the elderly or debilitated 

to avoid ataxia or Oversedation. 
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one versatile drug in surgery 


Please turn page for a summary of product information. 
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7 Valium diazepam) 2- 
ready-to-use 2-ml Tel-E-Ject’ (disposable syringes) 


Before prescribing, please consult complete product infor- 
mation, a summary of which follows: 
Indications: Tension and anxiety states; somatic complaints 
Sa are concomitants of emotional factors; psychoneurotic 
ates manifested by tension, anxiety, apprehension, fatigue, de- 
pressive symptoms or agitation; symptomatic relief of acute agi- 
tation, tremor, impending or acute delirium tremens and halluci- 
nosis due to acute alcohol withdrawal; adjunctively in: relief of 
skeletal muscle spasm due to reflex spasm to local pathology; 
spasticity caused by upper motor neuron disorders; athetosis; 


 stiff-man syndrome. Oral form may be used adjunctively in con- 


vulsive disorders, but not as sole therapy. Injectable form may 
also be used adjunctively in: status epilepticus; severe recurrent 
seizures; tetanus; anxiety, tension or acute stress reactions prior 
to endoscopic and surgical procedures; cardioversion. 
Contraindications: Use of Injectable in infants and Tablets 
in children under 6 months of age; known hypersensitivity to drug; 
acute narrow angle glaucoma; may be used in patients with open 
angle glaucoma who are receiving appropriate therapy. 
Warnings: As with most CNS-acting drugs, caution patients 
against hazardous occupations requiring complete mental alert- 
ness (e.g., operating machinery, driving). Advise patients against 
simultaneous ingestion of alcoho! and other CNS depressants. 
Withdrawal symptoms (similar to those with barbiturates and al- 
cohol) have occurred following abrupt discontinuance (convul- 


‘sions, tremor, abdominal and muscle cramps, vomiting and 


sweating). Keep addiction-prone individuals (drug addicts or 
alcoholics) under careful surveillance because of their predispo- 


sition to habituation and dependence. Use of any drug in preg- 


fancy, nursing women or in women of childbearing potential re- 
quires that expected benefit be weighed against possible hazard. 

oRAL: Not of value in treatment of psychotic patients; should 
not be employed in lieu of appropriate treatment. When using oral 
form adjunctively in convulsive disorders, possibility of increase 
in frequency and/or severity of grand mal seizures may require 
increase in dosage of standard anticonvulsant medication; abrupt 
withdrawal in such cases may also be associated with temporary 
increase in frequency and/or severity of seizures. 

INJECTABLE: When used I.V., the following procedures should 
be undertaken to reduce the possibility of venous thrombosis, 
phlebitis, local irritation, swelling, and, rarely, vascular impair- 
ment. Inject slowly, taking at least one minute for each 5 mg 


_(1 ml) given; do not use small veins, i.e., dorsum of hand or wrist; 


extreme care should be taken to avoid intra-arterial administra- 
tion or extravasation. Do not mix or dilute with other solutions or 
drugs; do not add to l.V. fluids. 

Administer with extreme care to elderly or very ill and those 


used with narcotic analgesic, eliminate or reduce narcotic 


ommended for OB use until additional information is available. 

Should not be administered to patients in shock, coma or in acute 

alcoholic intoxication with depression of vital signs. 
Precautions: If combined with other psychotropics or anti- 


- convulsants, carefully consider individual pharmacologic effects 


—particularly with known compounds which may potentiate ac- 
tion of Valium (diazepam), such as phenothiazines, narcotics, 


barbiturates, MAO inhibitors and other antidepressants. Protec- 


tive measures indicated in highly anxious patients with accom- 
panying depression who may have suicidal tendencies. Observe 
usual precautions in impaired hepatic function; avoid accumula- 
tion in patients with compromised kidney function. Limit oral dos- 
age to smallest effective amount in elderly and debilitated to pre- 
clude ataxia or oversedation (initially 2 to 244 mg once or twice 
daily, increasing gradually as needed or tolerated). 

INJECTABLE: Laryngospasm and increased cough reflex are 
possible during peroral endoscopic procedures; use topical anes- 
thetic and have necessary countermeasures available; hypoten- 
sion or muscular weakness possible, particularly when used with 
narcotics, barbiturates or alcohol. Use lower doses (2 to 5 mg) 
for elderly and debilitated; safety and efficacy in children under 
12 not established. | 

Adverse Reactions: Side effects most commonly reporte 
were drowsiness, fatigue and ataxia. Infrequently encountered 
were confusion, Constipation, depression, diplopia, dysarthria, 
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2-mlampuls;5mg/ml ™ 


10-ml vials 4 


headache, hypotension, incontinence, jaundice, changes in libido, 
nausea, changes in salivation, skin rash, slurred speech, tremor, 
urinary retention, vertigo and blurred vision. Paradoxical reac- 
tions such as acute hyperexcited states, anxiety, hallucinationse, 
increased muscle spasticity, insomnia, rage, sleep disturbances 
and stimulation have been reported; should these occur, use of 

the drug should be discontinued. 

Because of isolated reports of neutropenia and jaundice, 
periodic blood counts and liver function tests are advisable dur- 
ing long-term therapy. Minor changes in EEG patterns, usually 
low-voltage fast activity, have been observed in patients during 
and after Valium (diazepam) therapy and are of no known 
significance. 

INJECTABLE: Venous thrombosis and phlebitis at injection 
site, hypoactivity, syncope, bradycardia, cardiovascular collapse, 
nystagmus, urticaria, hiccups, neutropenia. 

In peroral endoscopic procedures, coughing, depressed res- 
piration, dyspnea, hyperventilation, laryngospasm and pain in 
throat or chest have been reported. 

Dosage: Individualized for maximum beneficial effect. 

orAL—Adults: Tension, anxiety and psychoneurotic states, 
2 to 10 mg b.i.d. to q.i.d.; acute alcohol withdrawal, 10 mg t.i.d. 
or q.i.d. in first 24 hours, then 5 mg t.i.d. or q.i.d. as needed; 
adjunctively in skeletal muscle spasm, 2 to 10 mg t.i.d. or q.i.d.; 
adjunctively in convulsive disorders, 2 to 10 mg b.i.d. to q.i.d. 
Geriatric or debilitated patients: 2 to 2⁄2 mg 1 or 2 times daily 
initially, increasing as needed and tolerated. (See Precautions.) 
Children: 1 to 242 mg t.i.d. or q.i.d. initially, increasing as needed 
and tolerated (not for use under 6 months). 

INJECTABLE: Usual initial adult dose is 2 to 20 mg I.M. or !.V., 
depending on indication and severity. Larger doses may be re- 
quired in some conditions (tetanus). In acute conditions injection 
may be repeated within 1 hour, although interval of 3 to 4 hours « 
is usually satisfactory. Lower doses (usually 2 to 5 mg) with slow 7 
dosage increase for elderly or debilitated patients and when seda- si 






tive drugs are added. (See Warnings and Adverse Reactions.) 

I.M. use: by deep injection into the muscle. 

I.V. use: inject slowly, take at least one minute for each 5 mg 
(1 ml) given. Do not use small veins, i.e., dorsum of hand or wrist. 
Use extreme care to avoid intra-arterial administration or extrava- 
sation. Do not mix or dilute with other solutions or drugs; do not 
add to I.V. fluids. 

Moderate psychoneurotic reactions, 2 to 5 mg I.M. or I.V. . 
and severe psychoneurotic reactions, 5 to 10 mg I.M. or LV., 
repeat in 3 to 4 hours if necessary; acute alcoholic "withdrawal, 
10 mg I.M. or I.V. initially, then 5 to 10 mg in 3 to 4 hours if nec- 
essary; muscle spasm, 5 to 10 mg I.M. or I.V. initially, then 5 to 
10 mg in 3 to 4 hours if necessary (tetanus may require larger 
doses); status epilepticus, severe recurrent convulsive seizures, 
5 to 10 mg I.M. or I.V. initially, repeat in 2 to 4 hours if necessary. 
In endoscopic procedures, titrate I.V. dosage to desired sedative 
response, generally 10 mg or less but up to 20 mg (if narcotics 
are omitted) immediately prior to procedure; if I.V. cannot be 
used, 5 to 10 mg I.M. approximately 30 minutes prior to proce- 
dure. As preoperative medication, 10 mg I.M.; in cardioversion, 
5 to 15 mg I.V., within 5 to 10 minutes prior to procedure. Once, 
acute symptomatology has been properly controlled with inject- 
able form, patient may be placed on oral form if further treat- 
ment is required. 

Management of Overdosage: Manifestations include somno- 
lence, confusion, coma and diminished reflexes. Monitor respira- 
tion, pulse, blood pressure; employ general supportive measures, in 
I.V. fluids, adequate airway. Immediate gastric lavage fino OF) 











for overdosage with tablets. Use levarterenol or metararhinol 
hypotension, caffeine and sodium benzoate for CNS-depressive 
effects. Dialysis is of limited value. : 
Supplied: Tablets, 2 mg, 5 mg and 10 mg; bottles of 108 hae 
500. All strengths also available in Tel-E-Dose® (unit dose) pac 
ages of 100. Ampuls, 2 ml, boxes of 10; Vials, 10 ml, boxes of 
Tel-E-Ject® (disposable syringes), 2 ml, boxes of 10sEach ml 
contains 5 mg diazepam, compounded with 40% propylene gly- 
col, 10% ethyl alcohol, 5% sodium benzoate and-benzoic acid a 
buffers, and 1.5% benzyl alcohol as preservative. 


Roche Laboratories A [e 
Division of Hoffmann-La Roche Inc. . 
Nutley, New Jersey 07110 A - 
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A critique of modern methods. 


Primary Prosthetic Replacement for Femoral Neck Fractures 
Peter G. Carnesale, MD, Lewis D. Anderson, MD, Memphis 


To be used under specific indications only. 


Treatment for Fixation Complications: Femoral Neck Fractures 
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e With 93% efficacy in respiratory tract infections. 
In clinical trials, ‘Ancef’ produced good or excellent responses* in 93% of 377 


patients with respiratory tract infections due to susceptible organisms (See 
Indications section of brief summary for list of organisms). 


e With high and prolonged serum levels. 


Following single 1 gram IV injections in healthy adult volunteers, ‘Ancef' pro- 
duced average peak serum levels of 190.0 mcg/ml. At four hours, levels of 16.5 
mcg/ml were still present. 


¢ With a low risk of phlebitis at the IV injection site. 


Of 273 patients receiving ‘Ancef' intravenously, 6 patients or 2.2% reported 
phlebitis at the injection site. These data were derived from pre-marketing 
clinical studies in small populations. While further clinical experience may reveal 
a greater incidence of adverse effects, it should be noted that the incidence of 
known phlebitis has not increased with over a year’s clinical experience since 
introduction. 


¢ With no reported nephrotoxicity. 


(Transient rise in SGOT, SGPT, BUN and alkaline phosphatase levels has been 
observed without evidence of renal or hepatic impairment.) 


e With the flexibility of IV or IM administration. 
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Adverse Reactions 


Adverse reactions reported in clinical trials included pain on injection, rash, G.I. 
symptoms, pruritus, and phlebitis. For a complete list of adverse reactions 
reported with ‘Ancef' therapy, please see next page. 


Warning: In penicillin-allergic patients, cephalosporins should be used with great 
caution because of evidence of partial cross-allergenicity. 


“(Excellent response: Initial improvement at 1-3 days with maximum improvement between 3-7 days. 
Good response: Initial improvement at 2-4 days with maximum improvement between 4-10 days. 
Results collected from identical clinical protocols. ) 


See next page for a brief summary of the prescribing information. 
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Before prescribing, see complete prescribing information in 
SK&F literature or PDR. The following is a brief summary. 


DESCRIPTION 

Ancef® (sterile cefazolin sodium, SK&F) is a semi-synthetic 
cephalosporin for parenteral administration. it is the sodium salt 
of 3- |[f5-methyl-1, 3, 4-thiadiazol-2-yl) thio] methyl }-8-oxo-7- 
[2-(1H-tetrazol-1-yl) acetamido] -5-thia-1-azabicyclo [4.2.0] oct- 
2-ene-2-carboxylic acid. The sodium content is 46 mg. per gram 
of cefazolin. 


ACTIONS 

Microbiology: /n vitro tests demonstrate that the bactericidal 
action of cephalosporins results from inhibition of cell wall 
synthesis. ‘Ancef' is active against the following organisms in vitro: 


Staphylococcus aureus (penicillin-sensitive and penicillin- 
resistant) 


Group A beta-hemolytic streptococci and other strains of strep- 
tococci (many strains of enterococci are resistant) 


Streptococcus pneumoniae (formerly Klebsiella species 

D. pneumoniae) Enterobacter aerogenes 
Escherichia coli Hemophilus influenzae 
Proteus mirabilis 


Most strains of Enterobacter cloacae and indole positive Proteus 
(P. vulgaris, P. morgani, P. rettgeri) are resistant. Methicillin- 
resistant staphylococci, serratia, pseudomonas, mima, herellea 
species are almost uniformly resistant to cefazolin. 


INDICATIONS 

Ancef (sterile cefazolin sodium, SK&F) is indicated in the treat- 
ment of the following serious infections due to susceptible 
organisms: 

Respiratory tract infections due to Streptococcus pneumoniae 
(formerly D. pneumoniae), Klebsiella species, Hemophilus 
influenzae, Staphylococcus aureus (penicillin-sensitive and 
penicillin-resistant), and group A beta-hemolytic streptococci. 


Injectable benzathine penicillin is considered to be the drug of 
choice in treatment and prevention of streptococcal infections, 
including the prophylaxis of rheumatic fever. ‘Ancef' is effective 
in the eradication of streptococci from the nasopharynx; however, 
data establishing the efficacy of ‘Ancef' in the subsequent preven- 
tion of rheumatic fever are not available at present. 


Genitourinary tract infections due to Escherichia coli, Proteus 
mirabilis, Klebsiella species, and some strains of enterobacter 
and enterococci. 


Skin and soft-tissue infections due to Staphylococcus aureus 
{penicillin-sensitive and penicillin-resistant) and group A beta- 
hemolytic streptococci and other strains of streptococci. 


Bone and joint infections due to Staphylococcus aureus. 


Septicemia due to Streptococcus pneumoniae (formerly D. 
pneumoniae), Staphylococcus aureus (penicillin-sensitive and 
penicillin-resistant), Proteus mirabilis, Escherichia coli, and 
Klebsiella species. 


Endocarditis due to Staphylococcus aureus (penicillin-sensitive 
and penicillin-resistant), and groupA beta-hemolytic streptococci. 


Appropriate culture and susceptibility studies should be per- 
formed to determine susceptibility of the causative organism to 
‘Ancef 


CONTRAINDICATIONS 
Ancef is contraindicated in patients with known allergy to the 
cephalosporin group of antibiotics. 


WARNINGS 

IN PENICILLIN-ALLERGIC PATIENTS, CEPHALOSPORINS 
SHOULD BE USED WITH GREAT CAUTION. THERE IS 
CLINICAL AND LABORATORY EVIDENCE OF PARTIAL CROSS- 
ALLERGENICITY OF THE PENICILLINS AND THE CEPHALO- 
SPORINS, AND THERE ARE INSTANCES OF PATIENTS WHO 
HAVE HAD REACTIONS TO BOTH DRUG CLASSES (INCLUD- 
ING FATAL ANAPHYLAXIS AFTER PARENTERAL USE). 


Any patient who has demonstrated some form of allergy, par- 
ticularly to drugs, should receive antibiotics, including Ancef 
(sterile cefazolin sodium, SK&F) cautiously and then only when 
absolutely necessary. Serious anaphylactoid reactions require 
immediate emergency treatment with epinephrine. Oxygen, 


intravenous steroids, and airway management, including intuba- 
tion, should also be administered as indicated. 


Usage in Pregnancy: Safety of this product for use during preg- 
nancy has not been established. 


Usage in Infants: Safety for use in prematures and infants under 
1 month of age has not been established. 


PRECAUTIONS 

Prolonged use of cefazolin sodium may result in the overgrowth 
of nonsusceptible organisms. Careful clinical observation of the 
patient is essential. 


When ‘Ancef’ is administered to patients with low urinary output 
because of impaired renal function, lower daily dosage is required 
(see dosage instructions). A false positive reaction for glucose in 
the urine of patients on ‘Ancef' has occurred with Clinitest® tablets 
solution. 


ADVERSE REACTIONS 
The following reactions have been reported: 


Hypersensitivity: Drug fever, skin rash, vulvar pruritus, and 
eosinophilia have occurred. 


Blood: Neutropenia, leukopenia, thrombocythemia and positive 
direct and indirect Coombs tests have occurred. 


Hepatic and Renal: Transient rise in SGOT, SGPT, BUN and 
alkaline phosphatase levels has been observed. 


Gastrointestinal: Nausea, anorexia, vomiting, diarrhea, oral 
candidiasis (oral thrush) have been reported. 


Other: Pain at site of injection after intramuscular administration 
has occurred, some with induration. Phlebitis at site of injection 
has been noted. 


DOSAGE AND ADMINISTRATION 
‘Ancef' may be administered intramuscularly or intravenously 
after reconstitution. 


Dosage 

in adults, usual dosage for pneumococcal pneumonia is 500 mg. 
every 12 hours. In acute, uncomplicated urinary tract infections, 
usual dosage is 1 gram every 12 hours. In mild infections gaused 
by susceptible gram+ cocci, usual dosage is 250 to 500 mg. 
every 8 hours. In moderate to severe infections, usual dosage is 
500 mg. to 1 gram every 6 to 8 hours. ‘Ancef' has been adminis- 
tered in dosages of 6 grams per day in serious infections such as 
endocarditis. 

‘Ancef' may be used in patients with reduced renal function with 
the following dosage adjustments: Patients with acreatinine 
clearance of 55 mi./min. or greater or a serum creatinine of 

1.5 mg. % or less can be given full doses. Patients with creatinine 
clearance rates of 35 to 54 ml./min. or serum creatinine of 1.6 

to 3.0 mg. % can also be given full doses, but dosage should be 
restricted to at least 8-hour intervals. Patients with creatinine 
clearance rates of 11 to 34 ml./min. or serum creatinine of 3.1 to 
4.5 mg. % should be given 1/2 the usual dose every 12 hours. | 
Patients with creatinine clearance rates of 10 mli./min. or less or 

serum creatinine of 4.6 mg. % or greater should be given 1/2 the 

usual dose every 18 to 24 hours. All reduced dosage recom- 

mendations apply after an initial loading dose appropriate tothe 

severity of the infection. $ 


in children, a total daily dosage of 25 to 50 mg. per kg. (approx- 
imately 10 to 20 mg. per pound) of body weight, divided into 
three or four equal doses, is effective for most mild to moderately 
severe infections. Total daily dosage may be increased to 100 mg. 
per kg. (45 mg. per pound) of body weight for severe infections. 
Since safety for use in premature infants and in infants under 

one month has not been established, the use of ‘Ancef’ in these 
patients is not recommended. « 
For additional information on dosage and administration, see 
package literature or contact your SK&F Representative. 
HOW SUPPLIED n 
Ancef® (sterile cefazolin sodium, SK&F)—supplied in vials 
equivalent to 250 mg., 500 mg., and 1 gram of cefazolin. * 
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Now, for both aspects of constipation 









and hard dry 
stools 


Announcing 


(standardized trat | 
Vcc Tablet 
N _ a unique natural laxative 


plus 
a classic stool softener 





Provides a unique natural laxative —standardized senna concentrate... vi rtually colon-specific 
... effectiveness documented in numerous published studies comprising thousands of patients. 


Provides a classic stool softener—DSS...complementing the laxative action by softening the 
stool for smoother and easier passage. 


Comfortable, predictable evacuation...a bedtime dose of SENOKOT S Tablets usually induces 
comfortable evacuation the next morning, allowing uninterrupted sleep. SENOKOT S Tablets aid 
in rehabilitation of the constipated patient by facilitating regular elimination. 


Indications: SENOKOT S Tablets offer welcome relief in functional constipation when combined 

neuroperistaltic stimulation plus stool softening is indicated, especially for: the aged; postpartum 

and postoperative patients; drug-induced constipation; cardiovascular patients and those with 

hemorrhoids. Dosage (preferably at bedtime): Adults: Initial Dosage: 2 tablets (max. dose—4 tablets 

bv.d.). Children (above 60 Ib.): 1 tablet (max. dose—2 tablets b.i.d.). To meet individual require- 

“. ments, dosage may be decreased or increased by 1 tablet (up to maximum) until the most effective 
dose is established. Supplied: Bottles of 30 and 60 tablets. PURDUE FREDERICK 


y s SA ©COPYRIGHT 1974, THE PURDUE FREDERICK COMPANY/NORWALK, CONN. OS856 œ A7742 148474 
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Instructions for Authors 


Send manuscripts by first-class mail to the Chief Editor, 
Richard Warren, MD, 319 Longwood Ave, Boston 02115. 
Manuscripts are received with the understanding that 
they are not under simultaneous consideration by another 
publication. Accepted manuscripts become the permanent 
praperty of the ARCHIVES and may not be published else- 
where without permission from the publisher (AMA). 


34 All accepted manuscripts are subject to copy editing. 
The author will receive an edited typescript and layout 
rather than galley or page proofs for approval. The author 
is responsible for all statements in his work, including 
changes made by the copy editor. 


[] Designate one author as correspondent and provide his 
address and telephone number. He will be notified by mail 
of the intended publication date approximately one month 
in advance. Order reprints at the time the typescript is 
returned after editorial processing. Specify address to 
which requests for reprints should be sent. 


[] Submit an original typescript and two high quality 
copies of the entire manuscript including short communica- 
tions such as letters to the editor, book reviews, announce- 
ments, etc. All copy (including references, legends, and 
tables) must be typed double-spaced on 22 X 28 cm (8% X 
11 inch), heavy-duty white bond paper. Ample margins 
should be provided. 


[| Titles should be short, specific, and clear. They should 
not exceed 75 characters, including punctuation and spaces. 
A subtitle is often useful to shorten the main title. Provide 
a brief “running title’ on each manuscript page. 


[C] The style of writing should conform to acceptable 
English usage and syntax. Slang, medical jargon, obscure 
abbreviations, and abbreviated phrasing are to be avoided. 


C] Manuscripts reporting the results of experimental in- 
vestigations on human subjects must include a statement 
to the effect that informed consent was obtained after the 
nature of the procedure(s) had been fully explained. 


fil Authors whose “first” language is not English should 
arrange for their manuscripts to be written in idiomatic 
English prior to submission, 


w Provide an abstract (135-word maximum) of the arti- 
cle. The abstract should include statements of the problem, 
method, of study, results, and conclusions. The abstract 
replaces the summary. 


Ea List references in consecutive numerical order (not 
alphabetically). Once a reference is cited, all subsequent 
citations should be to the original number. All references 
must be cited in the text or tables. Unpublished data 
and personal communications should not be listed as 
references. References to journal articles should include 
(1) author, (2) title, (3) journal name (as abbreviated 
in Index Medicus), (4) volume number, (5) inclusive page 
numbers, and (6) year, in that order. References to books 
should include (1) author(s), (2) chapter title (if any), (3) 
editor (if any), (4) title of book, (5) city of publication, 
(6) publisher, and (7) year. Volume and edition num- 
bers, specific pares, and name of translator should be 
included when appropriate. The author is responsible for 
the accuracy and completeness of the references and for 
their correct text citation. Note this journal’s punctuation 
and sequence style in published reference lists. 


[C] Refer to patients by number (or, in anecdotal reports, 
by fictitious given names). Real names or initials should 
not be used in the text, tables, or illustrations. 


~. 


‘Arch Surg/Vol 110, Jan 1975 


Effective with the January 1975 issue, the provision 
of free offprints (tearsheets) of articles to authors 
will be discontinued. Authors may continue to order 


reprints in accordance with the form sent to them 
during the processing of their manuscripts. 





[ ] All measurements are to be in nfetric units. 


[ | Letters to the Editor. The editor will be pleased to 
receive correspondence of 250 words or less that pertains 


to material published in the ARCHIVES or to other matters i 


of interest to its readers. Letters should be typewritten, 
double-spaced and clearly marked “For Publication.” No 
more than two references are permitted, and illustrations 
are acceptable only when essential to the message. 


R Use only those illustrations that clarify and augment 
the text. Submit illustrations in duplicate, unmounted 
and untrimmed. Do not send original artwork. Send high- 
contrast glossy prints (not photocopies). Figure number, 
name of senior author, and arrow indicating “top” should 
be typed on a gummed label and affixed to the back of 
each illustration. All lettering must be legible after reduc- 
tion to column size. Artwork submitted for publication may 
be relettered to achieve uniformity of lettering style through- 
out the journal. Magnification and stain should be provided 
when pertinent. Illustrations should preferably be in a 


proportion of 12.5 x 18 em (5 x 7 inches). Legends © ie 


should be typed double spaced beginning on a separate 
sheet of paper. Length should be limited to 40 words. 


a] An experienced medical illustrator should be employed 


whenever possible for the preparation of all artwork.. 


Template lettering or preset type is preferred to hand- 
lettered labels. If halftone artwork with labels is sub- 


mitted, affix type and leaders to a clear acetate overlay "hg 


registered to the base drawing. Labels and leaders should 
be applied directly to the drawing board surface if the 
artwork consists only of line ink technique. 


[ ] A letter of consent must accompany all photographs 
of patients in which a possibility of identification exists. 
It is not sufficient to cover the eyes to mask identity. 


E] Illustrations in full color are accepted for publication 
if the editors believe that color will add significantly 
to the published manuscript. The ARCHIVES will pay part 
of the expense of reproduction and printing color illus- 
trations, the remainder to be borne by the author or his 
sponsor. After deducting the ARCHIVES contribution, the 
author’s share is $275.00 for up to six square finished 


illustrations which can be arranged on a one-page layout. — 


Any additional illustrations or special effects will be billed 


to the author at cost. Positive color transparencies (35 


mm preferred) must be submitted for an evaluation. 
Do not send color prints unless accompanied by original 


transparencies. All transparencies should be carefully — 


packed and sent with the manuscript. 


[_] Each table should be typed double-spaced, including — 


all headings, on a separate sheet of 22 X 28 em paper. Do 
not use larger paper. If a table must be continued, use a 
second sheet and repeat all heads and stubs. $ 


E Tables should be arranged so they will print no wider 
than three columns in the ARCHIVES. Generally up to nine 
columns of data (including stub, or left column) will fit 
into three columns. Tables must be numbered consecutively, 
beginning with 1, and each must be titled. Example: 
“Table 6.—Results of Blood Coagulation Studies.” 
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You'll spend half the time in Mexico City ... the other half in Acapulco! 


I credits and studying under course directors of international fame. 
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educational programs 


= Oneof 
SIX New, exciting 


for 1975. 


The education portion of the program, 9 hours of Category II credit, takes 
place in Mexico City. Director of the 2-day seminar, “Malnutrition and 
Infection,” is Dr. Adolpho Chavez of the Instituto Nacional de la Nutricion. 
AMA travel-education seminars are a brand-new educational concept 
combining glamorous destinations with the opportunity of gaining Category 


Send for a brochure that details all the 1975 programs! But do it NOW so 
you can begin making plans. Mail the coupon below or call 800-228-9290 
and ask for the American Medical Travel Center. 


N 


PLEASE SEND YOUR BOOKLET TELLING ALL ABOUT THE AMA 
TRAVEL-LEARNING EXPERIENCES OFFERED IN 1975! 


Name 


Address 
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City 


AMA Travel Seminars /535 N. Dearborn St./Chicago, Ill. 60610 


AS175 


ees eee eee  — 


State 





Zip. ate 


Santy!® (collagenase) x 
Indications: Santy! Ointment is indicated for debrid- ` 
ing dermal ulcers and severely burned areas. In other 
types of necrotic skin lesions reports on the use of 
Santyl Ointment have been limited to clinical observa- 
tions without controls. 


Contraindications: Application is contraindicated in 
patients who have shown local or systemic hypersen- 
Sitivity to Collagenase. 


Precautions: The enzyme's optimal pH range is 7 to 
8. Lower pH conditions have a definite adverse effect 
on the enzyme's activity, and appropriate precagtions 
should be taken. 


The enzymatic activity is also adversely affected by 
detergents and hexachlorophene and heavy metal ions 
such as mercury and silver which are used in some 
antiseptics. When it is suspected such materials have 
been used, the site should be carefully cleansed by 
repeated washings with normal saline before Santyl 
Ointment is applied. Soaks containing metal ions or 
acidic solutions such as Burow's solution should be 
avoided because of the metal ion and low pH. Cleans- 
ing materials such as hydrogen peroxide or Dakin's 










é 





solution do not interfere with the activity of the enzyme. 


Debilitated patients should be closely monitored for 
systemic bacterial infections because of the theoreti- 
cal possibility that debriding enzymes may increase 
the risk of bacteremia. 


The ointment should be confined to the area of the 
lesion in order to avoid the risk of irritation or macer- 
ation of normal skin. 


A slight erythema has been noted occasionally in the 
surrounding tissue particularly when the enzyme oint- 
ment was not confined to the lesion. This can be read- 
ily controlled by protecting the healthy skin with a 
material such as Lassar's paste. 


Since the enzyme is a protein, sensitization may de- 
velop with prolonged use although none has been 
observed to date. 


Adverse Reactions: Adverse reactions to Collagenase 
have not been noted when used as directed. 


Dosage & Administration: Santy! Ointment should be 
applied once daily (or once every other day in the 
case of outpatients) in the following manner, 


(1) Prior to application the lesions should be gently 
cleansed with a gauze pad saturated in normal saline, 
buffer (pH 7.0-7.5) or hydrogen peroxide to remove 
any film and digested material. 


(2) Whenever infection is present, as evidenced by 
positive cultures, pus, inflammation or odor, it is de- 
sirable to use an appropriate topical antibacterial agent. 
Neomycin-Bacitracin-Polymyxin B (Neosporin) has 
been found compatible with Santyl Ointment. This 
antibiotic should be applied to the lesion in powder 
form or solution prior to the application of Santyl 
Ointment. Should the infection not respond, therapy 
with Santy! Ointment should be discontinued until 
remission of the infection. 


(3) Santyl Ointment should be applied (using a wooden 
tongue depressor or spatula) directly to deep wounds, 
or, when dealing with shallow wounds, to a sterile 
gauze pad which is then applied to wound. The wound 
is covered with sterile gauze pad and secured with 
clear tape or Kling bandage. 


(4) Crosshatching thick eschar with a #11 blade is 
helpful. It is also desirable to remove as much loos- 
ened detritus as can be done readily with forceps and 
scissors. 


(5) All excess ointment should be removed each time 
dressing is changed. 


(6) Use of the ointment shquid be terminated when 
sufficient debridement of necrotic tissue has taken 
place. 


Overdose: Action of the enzyme may be stopped, 
should this be desired, by the application of Burow's ad 
solution U.S.P. (pH 3.6-4.4) to the lesion. 


How Supplied: Santy! Ointment contains 250 units of 
Collagenase enzyme per gram of white petrolatum 
U.S.P. The potency assay of Collagenase is based on o 
the digestion of undenatured collagen (from bovine {< 
Achilles tendon) at pH 7.2 and 37° C. for 24 hours. 

The number of peptides cleaved are measured by 
reaction with ninhydrin. Peptides released by a tryp- 

sin digestion control are subtracted. One net Collage- 
nase unit will solubilize ninhydrin reactive gaterial 
equivalent to 4 micromoles of Leucine. ° 
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Knoll Pharmaceutical Company 
A Whippany, New Jersey, 07981 
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M.F. 52 years old 
Spinocerebellar 
degeneration, paraplegia, 
epilepsy 


A.R. 79 years old 
Cerebral arteriosclerosis, 
cerebral thrombosis with 
residual right hemiplegia, 
vascular insufficiency of 
both legs 






{ P.J.: One of 17 patients with decubiti successfully 
treated with SANTYL* 

N P.J., 83 years old, has Parkinson’s disease and general 

atherosclerosis —conditions that make him particularly 

vulnerable to decubitus ulcers. An ulcer developed on 

the occipital area of his head and remained resistant to 

conventional therapy for one month(A). 


Just ten days after once-daily applications of SANTYL 

began, P.J.’s ulcer was completely free of necrotic 

material, the inflammation had subsided, and fresh 

granulation tissue was well established(B). As photo (C) 

demonstrates, 42 days after SANTYL was discontinued, 
* P.J.’s decubitus ulcer was completely healed. 

Seventeen of 21 nursing-home patients recently treated 
„With SANTYL also experienced very favorable results: 

a The investigator concluded: 


ois SANTYL® Ointment “...is an effective and safe debriding 
a Ae promptly attacks necrotic matter and fibers 

, of undenatured collagen, paving the way for granulation, 

épithelization and healing: ARSU 1 


See adjoining column for contraindications, precautions, and adverse reactions. 
~ ` 
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M.J. 56 years old 
multiple sclerosis, 
contractures of lower 
extremities 


e digests native collagen, a 
substance ordinarily resistant 
to all common enzymes used in 
wound debridement 


e dissolves denatured collagen, 
the main constituent of dense 
eschar and necrotic debris 

e dissolves collagenous strands 
that anchor debris to the wound 
surface 

e debrides rapidly 

e simple, once-a-day application 

e easy to use; merely cleanse the 
lesion with normal saline or 
hydrogen peroxide and apply 
SANTYL 

e may be used with Neosporin“ 
Powder if infection is present 

e available in 25 gm jars as 


sterile ointment 


*Rao DB: Collagenase in the treatment of dermal and, 
decubitus ulcers. J Amer Geriat Soc, to be published. 
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WHEN YO! UR FINDING. IS EXCESSIVE AN) 
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Seldom causes confusion, oversedation or 


sedative hangover on awakening, although THE UNCOMPLICATED CALM Ta 
ccasional drowsiness has been reported. | Gann 
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Editorial 


Pseudo-obstruction of the Common Duct 


in Operative Cholangiography 


onpassage of contrast media into the duodenum may be 
caused by spasm of the sphincter of Boyden and is a 
well-recognized diagnostic problem in operative cho- 
langiography. Chessick et al (see pp 53-57) have alerted 
the surgeon to the possible etiologic role of fentanyl. If 
fentanyl is found to directly induce or potentiate spasm in 
a majority of patients, an alternative anesthetic may be 
advised during biliary surgery. 

As Chessick et al also point out, however, there are 
many variables in operative cholangiography and a num- 
ber of these might induce spasm. In 56 postcholedo- 
chotomy cholangiograms reported by Ginzburg et al,' no 
duodenal drainage was seen in 24 (43%), but subsequent 
postoperative T-tube cholangiography was normal for all 
of these patients. No mention was made of the anesthetic 
used. Baker’ has noted a 25% incidence of pseudo-obstruc- 
tion after common duct instrumentation. Such high inci- 
dences of apparent obstruction due to spasm and such a 
variation in incidence underscore the problem in incrimi- 
nating a single factor as the sole cause. 

In addition, the “bird-beaked appearance” is not the 
only sign seen with spasm. The pseudocalculus sign may 
also be seen with spasm of the terminal duct and on a 
single x-ray film may be indistinguishable from the menis- 
cus seen with a stone (giving a false-positive examina- 
tion).** This well-recognized phenomenon, although usu- 
ally transient, may be persistent. 

In the cases presented by Chessick et al, further cho- 
langiograms might have shown drainage into the duode- 
num. In one of the two cases where a second operative 
cholangiogram was performed, the injection pressure was 
increased. In discussing the pseudocalculus sign and 
spasm, Beneventano and Schein’ have noted that “the du- 
ration of this disturbing roentgen image is further 
prolenged when the contrast is injected at even higher 


~. 


«Arch Surg/Vol 110, Jan 1975 


fh 
Lack msl 


pressures in an attempt to overcome the assumed obstruc- 
tion.” These same authors, in another article,’ found that 
the opening pressure of the sphincter of Oddi was only 18 
em H,O. 


For these reasons, apparent obstruction seen on an op- — 


erative cholangiogram should be followed by a second 
study with the same injection pressure. Also, it should be 
borne in mind that fluoroscopy can usually provide the cor- 
rect diagnosis at postoperative T-tube cholangiography. If 
at that time the diagnosis of retained calculus is made, it 
is possible to remove the stone under fluoroscopic guidance 
with a stone-retrieval basket.: Finally, the radiologist 
should always be considered as a consultant and should be 
available to render immediate interpretations during the 
operative procedure, just as a pathologist might be called 
on to give a reading on a frozen section. 

FRANCIS J. SCHOLZ, MD 

Department of Radiology 

Peter Bent Brigham Hospital 

721 Huntington Ave 

Boston, MA 02115 
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Current Views of Hip Fracture 


Gerald S. Laros, MD 


he greatest improvement in the treatment of hip frac- 
A tures was the change from recumbency enforced by 


sand bags, spicas, or traction to mobilization care. This ad- 


vance was made possible primarily by the development of 
interna! fixation devices. Refinement of these devices and 


.of surgical techniques has continued because problems and 


complications associated with treatment still remain. The 
articles in this symposium deal with current thinking on 
the treatment of fractures about the hip and how we may 
continue to improve our results. 

The major residual problems are found in two general 
areas. (1) Medical complications: The age and general 
medical condition of patients suffering from hip fractures 
predispese them to complications of recumbency such as 
thrombeembolic disease, urinary tract infections, pneu- 
monia, senile psychosis, and decubitus ulcers. (2) Technical 
complications: The forces acting about fractures in the re- 
gion of the hip tend to produce varus at the fracture site. 
These forces lead to complications of fixation that may 
limit the stability of the hip, interfere with bone healing, 
or produce functional problems in ambulation and thus de- 
feat or compromise our efforts for mobilization care. 

In fractures of the femoral neck, a third problem still 
haunts us. Poor local blood supply may lead to avascular 
necrosis of the femoral head and/or nonunion of the frac- 
ture. 


RECUMBENCY 


The main reason for internally fixing a hip fracture in 
debilitated patients is to reduce complications of re- 
cumbeney. Stabilizing the fracture by internal fixation re- 
duces pain and makes it possible to mobilize the patient. 
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Early mobilization protects against thromboembolism, 
pneumonia, urinary tract infections, senile psychosis, and 
decubitus ulcers. Major surgery in an elderly or debili- 
tated patient is certainly more risky than in young and 
healthy patients, but clinical studies: indicate an even 
greater morbidity and mortality if these patients are 
treated nonoperatively. In most cases, treatment of hip 
fractures in the elderly by surgery is the conservative 
course in that it carries less risk than prolonged bed rest. 
If surgery is absolutely contraindicated, it is generally 
preferable in the aged, debilitated patient to ignore the 
fracture and mobilize the patient as early as pain permits. 
This means changing the position of the patient in bed or 
moving the patient from bed to chair without particular 
regard for immobilizing the fracture. 


INFECTION 


Age, debility, duration of operation, and possibly ana- 
tomic area contribute to an infection rate of 5% to 10% in 
surgically treated hip fractures. This is higher than the 
usual infection rate following orthopedic surgical proce- 
dures and makes infection a matter of special concern in 
hip fractures. Boyd and associates,’ using prophylactic an- 
tibiotics before, during, and after surgery, reduced the in- 
fection rate in hip fractures from 4.8% to 0.8%. Other clini- 
cal’ and experimental* studies emphasize the importance 
of adequate tissue levels of antibiotic during surgery for 
effective prophylaxis. Properly administered antibiotics 
(before, during, and after surgery) are, therefore, recom- 
mended as an adjunct to reducing infection rates in con- 
cert with good surgical technique. 


THROMBOEMBOLISM 


Clinical signs failed to identify 80% of postoperative 
venous thromboses diagnosed by phlebogram in a study of 
elective hip surgery by Evarts and Feil. Using specific 
diagnostic techniques such as phlebograms or radioactive 
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A fibrinogen scan, a true incidence of venous thrombosis in 
J hip fractures and elective hip surgery is found to run be- 


tween 40% to 55%.°* The corollary of this high incidence of 

» venous thrombosis is pulmonary embolism. In autopsies of 
247 -patients who died after hip fracture, 38% died of pul- 
monary emboli.: 

Although the problem of thromboembolism is large and 
real, the solution is less clear. Prophylactic anti- 
coagulation can be beneficial in reducing thromboembolic 
problems. Lowered incidences of venous thromboses have 
been reported using preoperative dicumarol, dicumarol be- 
ginning several days postoperative, full anticoagulant 
doses of heparin sodium given intravenously, low dose 


2) subcutaneous heparin, low molecular weight dextran, high 
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molecular weight dextran, and aspirin. Unfortunately 
each regimen has its failings as well. Some are difficult to 
control and unpredictable; some cause significant bleeding 
complications; some produce fluid overloads; some add to 
wound sepsis or may delay fracture healing. Unless labo- 
ratory controls and medical supervision are very good, no 
potent anticoagulation regimen can currently be given 
unqualified recommendation. 

Thrombi probably begin to form during surgery when 
surgery is elective. In hip fractures, thrombi probably be- 
gin to form after initial trauma and continue to form un- 
til surgery permits mobilization of the patient. If the pa- 
tient is medically stable, early surgery (within 24 hours) 
offers a reasonable means of reducing thrombotic compli- 
cations. The use of aspirin preoperatively and postopera- 


tively also offers reduced incidence of thrombotic com- 
plications comparable in effectiveness to low molecular 
weight dextran and dicumarol, but with substantially 
fewer bleeding complications. j 


DECUBITUS ULCERS 


The predominant site of pressure ulceration in patients 
with hip fractures is not the sacrum, but the posterior as- 
pect of the heel. Patients with a painful hip, who may, in 


addition, be confused or weak, tend to let the weight of 4 


their leg press the heel against the bed. After a few hours 
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it ceases to be painful because blood supply is lost and P ik. 


nerve endings necrose. Even if the patient is “mobilized” 


by spending some time in a chair or on crutches, the larg- — | 


est percentage of time will be spent in bed and specific 


measures must be directed at relieving pressure on the 


heel to avoid necrosis and ulceration. Pressure should be 
distributed more proximally around the calf using pillows 
or rolls of sponge rubber. Unless used with care, heel pads fy pA 


may serve not to relieve the pressure, but to cover up the 


fact that a sore is developing. The back of the heel should 
be examined regularly by the nurses and daily by physi- 
cians. 





With the preceding information as background common 


to all fractures about the hip, the following articles discuss 
in more detail the problems associated with specific frac- 
tures about the hip as reflected in the experience of the 


authors against the background of past and current litera-- T 


ture. 
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Arsen M. Pankovich, MD 


_ The principles in treatment of femoral neck fractures by primary 


_ internal fixation have been reviewed. In the rare, undisplaced stress 


or fatigue fracture, early internal fixation with threaded pins is rec- 


ommended. Impacted fractures should be treated by primary internal 


fixation in patients who do not follow orders and patients whose gen- 


‘eral condition is poor and would require early weight bearing. Dis- 


placed fractures may be treated by primary internal fixation at any 


_ age and regardless of the patient’s general condition. The following 
= principles are emphasized: early operation, anatomical reduction and 


slight valgus in some cases, compression and impaction of frag- 
ments, and firm immobilization of fragments with a device that has a 
sliding mechanism and provides lateral cortical fixation. 


see neck fractures continue to be a formidable and 
challenging problem to the orthopedic surgeon. Liter- 
ature concerning the biomechanics and vascular supply of 
the hip, the mechanisms of injury, the management and 
healing of the fractures, the epidemiology, and early and 
late complications is abundant. Yet, it is all too confusing 
to read sometimes contradictory statements and to look 
for principles that are often lost in the woods of statistics, 
technical details, and speculations. 

This article reviews the present concepts and methods 
of primary internal fixation of femoral neck fractures and 
presents recent experience at Cook County Hospital. 


GENERAL PRINCIPLES 


The ideal method in treating femoral neck fractures 
would provide firm immobilization of facture fragments 
in anatomical position, allow early weight bearing, and 
prevent the two most common local complications: nonun- 
ion and avascular necrosis. In order to appreciate the dif- 
ficulties in achieving this goal, it is necessary to under- 
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of Femoral Neck Fractures 


stand certain details of femoral neck and head anatomy, 
the mode of healing of the fractures, the types of frac- 
tures and their pathology, and basic principles and re- 
quirements of treatment. 


Anatomical Considerations 


The capsule of the hip joint, along with its ligamentous 
enforcements, is attached on the femur anteriorly to the 
intertrochanteric line and posteriorly about 1 to 1.5 cm 
proximal to the intertrochanteric crest (Fig 1). Therefore, 
the base of the femoral neck is intracapsular anteriorly 
and extracapsular posteriorly. From the femoral attach- 
ments of the capsule originate ascending fibrous bands, 
retinacula, that are attached to the intracapsular portion 
of the femoral neck and extend to the cartilaginous rim of 
the femoral head. Retinacula contain blood vessels and are 
covered with synovia. 

Blood supply to the femoral neck and head is derived 
from the extracapsular arterial ring at the base of the 
femoral neck (Fig 1). The anterior portion of the arterial 
ring is derived from the lateral femoral circumflex artery 
and the posterior portion from the medial femoral circum- 
flex artery. Ascending cervical arteries, from the arterial 
ring, perforate the capsule and become retinacular ar- 
teries. Posterosuperior retinacular arteries are more nu- 
merous (three to eight) than posteroinferior (one to three); 
there are very few arteries on the anterior surface. Trueta 
and Harrison’ suggested the existence of separate epiphy- 
sial and metaphysial retinacular arteries that, in adults, 
anastomose across the old epiphysial line. Most investiga- 
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tors now agree that the femoral head is primarily supplied ° t 


by the posterosuperior retinacular arteries. Postero- 
inferior arteries supply primarily the metaphysial portion 


of the neck. The contribution of the artery of the ligamen- e 


tum teres that is usually derived from the obturator ar- 
tery is not quite clear. It seems that it supplies primarily 
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Fig 1.—Femoral neck with capsular attachments and retinacula 
(dotted lines) and arterial ring with retinacular arteries. Note 
greater number of vessels and extracapsular location of base of 
neck posteriorly (right). In anterior view (left), three Pauwels frac- 
ture types are indicated. 


the area of the head around the fovea capitis where the 
ligamentum teres is attached.'* Banks’ correlated histo- 
logical viability of the femoral head with its vascular sup- 
ply and concluded that avascular necrosis developed if all 
retinacular vessels were damaged, regardless of the state 
of vessels in the ligamentum teres. 

Due to proximity of the retinacular arteries to the bone, 
they may be injured in any fracture of the femoral neck 
and the outcome may be avascular necrosis of the femoral 
head. Some cases of late development of avascular necro- 
sis could be explained on the basis of inadequate blood 
supply, ie, chronic ischemia through the remaining, intact 
arteries.‘ Conversely, in displaced fractures, some arteries 
may be spared and still provide adequate blood flow. Ex- 
tracapsular location of the base of the neck posteriorly ex- 
plains the low incidence of avascular necrosis of basilar 
neck fractures. 

Finally, the adult femoral neck has no functional peri- 
osteum.’ This has direct bearing on the type of healing of 
these fractures. There being no periosteal callus, the heal- 
ing depends entirely on the endosteal callus. Absence of 
cartilage, proliferation of fibrous tissue and small vessels, 
and laying down of fibrous bone are the main features of 
the endosteal callus. If the head is viable, the endosteal 
callus is laid down on both sides of the fracture. The 
endosteal callus forms only on the neck side if the head is 
nonviable, although the fracture may heal. This type of 
fracture healing, by endosteal callus, was coined by F. C. 
McLean as healing by primary intention. Since the heal- 
ing is dependent on the state of vascularity of the femoral 
head and even more so on the integrity of callus vessels, 
rigid immobilization and close apposition of the frag- 
ments are imperative until callus is completely consoli- 
dated.‘ Nonunion will therefore develop if these condi- 
tions are not met. 


Types of Fractures 


The division of femoral neck fractures into three cate- 
gories—stress, impacted, and displaced—is of practical im- 
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Fig 2.—Bilateral stress fractures in elderly patient. Top, In May 
1962, varus of femoral heads was evident and sclerosis in subcapi- 
tal areas indicated healing at fracture sites. Patient refused treat- 
ment and continued to bear weight. Bottom, In February 1968, frac- 
tures are healed in marked varus. 


portance. 


Stress or Fatigue Fractures.—-These fractures are rare i 


and occur in all age groups. In younger individuals, frac- 
tures are usually seen following strenuous activity. In 
older persons and patients with underlying bone disease, 
such as osteoporosis and osteomalacia, there is pre- 
disposition to stress fractures (Fig 2). Two types were de- 
scribed by Devas.’ In the transverse type, the initial infrac- 
tion is in the superior cortex of the neck with tendency for 
complete fracture and displacement. In the compression 
type, the area above the calcar is the site of initial infrac- 
tion; this type shows less tendency for displacement. 

Impacted Fractures.—According to Linton, and, more 
recently, Klenerman and Marcuson,’ impacted fractures 
represent the first stage in the displacement of all intra- 
capsular fractures. They explained the mechanism of the 
fracture to be external rotation of the femur. The femoral 
head is thus fixed by the iliofemoral ligament while the 
posterior and superior neck buckles over the acetabular 
rim. Extension of the fracture goes along the cervical 
trabeculae and calcar, usually at some distance from the 
head and often in spiral fashion. Further rotation pro- 
duces impaction of the neck into the head. An impacted 
fracture may become “disimpacted” and converted to a 
displaced fracture. 

Displaced Fractures.—-As mentioned above, the mecha- 
nism of the fracture is the same for impacted and dis- 
placed fractures. However, in displaced fractures, rotation- 
al force completely disrupts anterior and inferior cortices 
of the neck and then the pull of the muscles on the distal 
fragment displaces the neck proximally. 

The distance from the head to the point of fracture 
through the inferior neck determines the angle of inclina- 
tion that is the basis of Pauwels’ classification (Fig 1). 
Stability or lack of it has been related to these fracture 
types, the higher angle indicating less stable fracture. 
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Fig 3.—Impacted fracture, Pauwels type Il. Left, At admission. 
Right, Six weeks after internal fixation with four Knowles pins. 


Some authors identify Pauwels type I fracture (less than 
35°) with impacted fractures. However, after dis- 
placement it may be clear that they should be classified as 
types II (35° to 60°) or III (60° to 90°). Impacted and dis- 
placed fractures, then, can have angle of inclination of 
any degree and be classified as any one of the three Pau- 
wels types. 


PRINCIPLES AND METHODS OF INTERNAL FIXATION 


Deyerle® admirably accounted for the historical evolu- 
tion of the principles in the treatment of intracapsular 
fractures from the days of Sir Astley Cooper. Although 
many attitudes and ideas have changed, certain basic 
principles remain. 


Stress Fractures 


Devas® considered the transverse type before dis- 
placement as an emergency and advised the use of three 
pins and early ambulation. Devas and Blickenstaff and 
Morris" advised no treatment of the compression type 
and Devas stated that these fractures will heal even if the 
patient continues full weight bearing. At Cook County 
Hospital we currently internally fix all stress fractures, 
transverse and compression, as a means of increasing the 
reliability of the treatment in patients who do not follow 
orders. 


Impacted Fractures 


There is much controversy in the literature concerning 
the treatment of impacted fractures of the femoral neck. 
Recently, Hilleboe et al'* reviewed the subject and argued 
in favor of conservative treatment. In their series of 37 
patients they allowed early non-weight-bearing crutch 
walking soon after hospitalization. Most of the fractures 
were thought to be sufficiently healed by 12 to 16 weeks, 
when full weight bearing was started. Their indication for 
conservative treatment was roentgenographic evidence of 
valgus position of the head, the neck fragment under the 
head, and apposition of the fragments. Four fractures dis- 
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Fig 4.—Lateral views at surgery. Top, Inadequate reduction: retro- 
version of femoral head and anterior separation. Bottom, Following 
open reduction, fragments are in anatomical position; note marked 
posterior wall comminution and spiral fashion of fracture. 


Fig 5.—Impacted fracture, Pauwels type II. Left, At admission; 
note marked valgus of femoral head. Right, Two years later ad- 
vanced changes of avascular necrosis are noted: sclerosis, cystic 
areas, and collapse of articular surface. 

Fig 6.—Displaced fracture, Pauwels type Il. Left, At admission. 
Right, Six weeks after insertion of sliding nail plate device, fracture 
is clinically and radiologically healed; note improper placement of 
nail that should lay on calcar. 
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Fig 7.—Displaced fracture, Pauwels type Il. Top, At admission, 
showing marked comminution of superior neck. Bottom left, One 
week after internal fixation with multiple pins-plate system. Bottom 
right, Three and a half months after surgery. Resorption at fracture 
site and backing out of pins are evident. Radiologioally fracture was 
healed and patient was bearing weight without pain. i 


impacted at an average of 18 days and avascular necrosis 
developed in three. In Crawford’s" series of 50 patients, 
only four fractures became disimpacted and aseptic neero- 
sis developed in three. 

Proponents of internal fixation of impacted fractures 
cite better results with this method. A somewhat higher 
incidence of disimpaction (10% to 15%) was noted when 
conservative methods were employed, although the inci- 
dence of aseptic necrosis was approximately the same (6% 
to 10%).'*° 

In comparing the operative with nonoperative methods, 
one gains the impression that the operative method gave 
only slightly better results, so the patient’s general condi- 
tion and social habits, rather than roentgenograms alone, 
should determine the mode of treatment. An older indi- 
vidual, feeble and in poor condition, or an unreliable aleo- 
holic should be treated by internal fixation to decrease the 
possibility of disimpaction when ambulation is started 
and after the patient leaves the hospital. At Cook County 
Hospital we prefer internal fixation of all impacted frac- 
tures with four Knowles pins (Fig 3). Triflange nails are 
not recommended for these fractures because of the possi- 
bility of producing disimpaction. 


Displaced Fractures 


Most authors agree that displaced femoral neck frac- 
tures require either internal fixation or prosthetic replace- 
ment. In many centers the tendency is to use age and the 
patient’s general condition as criteria for the type of pro- 
cedure to be done. Internal fixation is recommended for 
patients below the age of 65 to 70 years who are in good 
general condition and prosthetic replacement is recom- 
mended for patients above that age with less favorable 
general conditions. Reasoning for the use of these criteria 
is that older patients should have a “definitive” procedure 
and avoid long non-weight bearing and subsequent proce- 
dures if avascular necrosis and/or nonunion develop. How- 
ever, complications following prosthetic replacement, such 
as painful and migrating prosthesis, infection, dislocation, 
and fracture of the femur, are all very difficult to treat. 

Early Operation.—Many patients are in their best health 
at the time of injury and delaying the surgery may mean 
deterioration of their general condition, particularly de- 
velopment of cardiopulmonary complications, thrombophle- 
bitis, and decubitus ulcers. Therefore, surgery should be 
planned on a semi-emergency basis, only to allow for the 
basic evaluation. However, certain patients will not be in 
the condition to undergo surgery within 24 hours of ad- 
mission and it will be necessary to afford them vigorous 


Fig 8.—Sliding screw compression plate device in place six 
months following surgery. Fracture of femoral neck is clinically and 
radiologically healed. 
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medical treatment. On the other hand, there is some evi- 
dence indicating that delay in reduction and internal fix- 
ation will increase the incidence of avascular necrosis and 
delayed unioy."'® Most investigators agree that reduction 
‘ and internal fixation should be done within 12 to 24 hours 
of the injury when medically feasible. 

Reduction.—It is not always quite clear from the litera- 
ture what is meant by accurate, proper, or adequate reduc- 
«tion. Banks™ considered the fracture fragments ade- 
quately reduced if they were in anatomical position or in 
valgus, sometimes with 2 to 3 mm of separation at 
the calear. On the other hand, valgus reduction where the 
distal fragment is placed under the proximal fragment in 
order to provide bony support is considered proper and de- 
sirable by many authors.‘*:'"'* Most authors agree that 
varus and retroversion positions of the femoral head are 
undesirable and give predictably many complications, re- 
gardless of the type of the internal fixation device. The 
study of Christophe et al'® compared the results of varus, 
valgus, and anatomical position of the femoral head fol- 
lowing reduction and nailing. There were no cases of asep- 
tic necrosis or nonunion in 25 patients where the head was 
in anatomical position as opposed to four cases of nonun- 
ion and seven cases of aseptic necrosis in 30 patients with 
valgus reduction and nine cases of nonunion and eight 
cases of aseptic necrosis in 28 patients with varus reduc- 
tion. Firm fixation in anatomical reduction seems to af- 
ford the best conditions for fracture repair, although 
slight valgus may be desirable if it provides closer apposi- 
tion of fracture fragments. Should close manipulation fail 
to obtain adequate reduction, open reduction is imperative 
(Fig 4). 

Contact-Compression and Impaction.—The principle of 
contact-compression in treatment of fractures has been 
well demonstrated over the years® and more recently 
reemphasized by the Swiss Association for the Study of 
Internal Fixation.” In femoral neck fractures this prin- 
ciple can also be applied.” Contact compression is achieved 
either by a sliding or a compression mechanism in the fix- 
ation device. Some authors have promulgated “the prin- 
ciple of impaction,” particularly of more comminuted frac- 
tures.*°"**-*4 The idea stemmed from impacted fractures, 
which are often stable and heal almost invariably. Impac- 
tion, which is usually produced by several blows to the lat- 
eral cortical plate, may accomplish better contact and 
compression of noncomminuted cortices and firm internal 
fixation will facilitate healing of comminuted parts. Im- 
paction in slight valgus will provide greater stability of 
fracture fragments in addition to their closer apposition. 
However, excessive valgus is undesirable and known to be 
associated with a high incidence of avascular necrosis (Fig 
5). 

Firm Immobilization.—In order to keep firm fixation of 
the fragments in the position of reduction, certain re- 
quirements have to be met. First, the appliance should 
provide for sliding, to accommodate for possible and not 
uncommon resorption of the neck at the fracture site. 
Some investigators look on this resorption as indicating 
inadequate fixation. Second, firm lateral cortex fixation of 
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Fig 9.—Femoral head and neck as seen on television screen while 
pins are being inserted. 


appliances is necessary to prevent loosening in the lateral 
cortex that would allow motion at the fracture site.** 
Third, nails and pins are best inserted into the femoral 
neck at an angle to the shaft of about 150° to 160° since it 
has been shown that this is the weight-bearing axis for 
most hips and therefore shearing force on the appliance 
would be minimal.” 

Methods of Internal Fixation.—Triflanged nails with or 
without side plates, lag screws, regular screws, spikes, 
partially threaded nails at their tips with or without side 
plates, and sliding nails have all been advocated during 
the past 40 years. Many of these devices are only of histor- 
ical significance and are not presently employed. Some de- 
vices such as the Smith-Petersen nail and Moore and 
Knowles pins are still in use although they fail to meet the 
optional requirements for firm fixation in displaced frac- 
tures. Only three systems available at present meet these 
requirements, two of which are currently under evaluation 
at Cook County Hospital. 

Sliding Triflange Nail Plate.—The main features of the 
system are relatively small triflange nails connected to 
the sliding mechanism below the fracture and fixation 
with a small plate to the femoral shaft (Fig 6). The nail 
plate angle is 155°. There are several modifications of this 
nail based essentially on the same principle. This system 
was described by Massie” after he modified a similar de- 
vice by Pugh.” j 

Massie** emphasized the need for early fixation, surgi- 
cal impaction, lateral cortical fixation, high nail-shaft 
angle, and distal and posterior placement of the nail in the 
neck. He reported an increase of healing rate and decrease 
in number of nonunions and early avascular necrosis. He 
also pointed to asymptomatic and late cases of avascular 
necrosis that he explained on the basis of repeated micro- 
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trauma and chronic ischemia. 

Multiple Pins-Plate System.—The main features of this 
system are partially threaded pins (eight to 12) that are 
inserted at 140° through a lateral cortical plate (Fig 7). 
Deyerle” described this system. He reported two cases of 
avascular necrosis and only one case of delayed union in 35 
displaced fractures,’ and emphasized valgus reduction, im- 
paction, and lateral cortical fixation. Metz et al reported 
11.6% avascular necrosis and 4.7% nonunion in 43 patients 
observed more than two years. 

Sliding Screw Compression Plate.—This system was de- 
scribed by Schumpelick and Jantzen” in 1955 and has been 
used primarily for intertrochanteric fractures. Main fea- 
tures of this system are similar to the Massie nail except 
that the nail is replaced by a screw (Fig 8). In addition to 
a shaft plate and a sliding mechanism, compression may 
be accomplished by a special screw in the sliding mecha- 
nism. Clawson” reported 13% nonunion and 30% avascular 
necrosis in 26 patients and advised against use of this sys- 
tem in very old patients as in his series (average age, 76 
years). He recommended it for younger patients and em- 
phasized anatomical reduction and impaction. 


RESULTS 


In displaced fractures of the femoral neck, where fix- 
ation problems are significant, we have initiated a trial 
of treatment using a multiple pin and plate system 
(Deyerle). A total of 15 such hips have been treated since 
Jan 1, 1978. 

Although long-term results cannot be stated, the advan- 
tages of the system are already apparent. The procedure 
is relatively simple to perform providing that an image in- 
tensifier is available (Fig 9). All patients were allowed to 
ambulate as soon as their general condition permitted, 
usually in the first week. This may account for absence of 
thrombophlebitis, decubitus ulcers, and cardiopulmonary 
problems. Reduction was less than adequate in eight cases 
and yet in no case so far has there been breakage of the 
nails or gross displacement. In one patient, pins had to be 
backed’out five months following surgery, and the marked 
pain he was having almost completely subsided; the frac- 
ture is radiologically healed. Resorption of the neck devel- 
oped in three patients, but no pins penetrated into the 
joint and patients are reporting no pain. In three cases, 
the fracture line is still visible six months following sur- 
gery; these patients continue to bear weight without pain. 
In one instance, the patient is complaining of moderate 
pain and the fracture line is visible five months following 
surgery. Of the remaining seven patients with adequate 
reduction and fixation, fractures have healed in four pa- 
tients and the fracture line is still visible in three patients 
two to four months following surgery although these pa- 
tients have no pain on weight bearing. Obviously, more 
cases are needed and longer follow-up required before any 
conclusions can be drawn. 

Review of the results of internal fixation with sliding 
triflanged nails (Massie) performed in 1971 and 1972 was 
done. In 16 Massie nailings, which were done primarily in 
patients under 60 years of age, ten fractures healed with- 
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out complications. Of the remaining six fractures, avascu- 
lar necrosis developed in two although the fracture healed, 
nonunion developed in two in addition to avascular necro- 
sis, nonunion developed in one, and osteomyelitis in an- 


other. The most frequent mistakes were inadequate re-° 


duction and inappropriate placement of the nail (Fig 6). 
Most critical was reduction, which was found to be inade- 
quate in all failed cases. 


CONTRAINDICATIONS TO PRIMARY INTERNAL FIXATION l 


In discussing their indications for prosthetic replace- 
ment in femoral neck fractures, Hinchey and Day” cited 
poor general health contraindicating second operation, 
Parkinson disease, spastic hemiplegia, severe hip arthritis, 
the need for early ambulation, physiological age over 70, 
and pathological fracture. Although these indications for 
prosthetic replacement have changed over the last decade, 
they may be used as a list of relative contraindications to 
primary internal fixation. Severe hip arthritis and patho- 
logical fractures are absolute contraindications. With bet- 
ter understanding of the principles of internal fixation 
and availability of better appliances, the list of relative 
contraindications may one day become shorter. 


CONCLUSIONS 


It has often been said that no replacement prosthesis 
will ever function as well as the patient’s own normal 


femoral head. This is still true. Primary internal fixation, 


of femoral neck fractures will work to that end. Unfortu- 


nately, the incidence of nonunion and avascular necrosis is — 


still high and their occurrence unpredictable. It has been 
demonstrated that these complications can be reduced, al- 
though not eliminated, if the principles of internal fix- 
ation are carefully followed. 

It is left to future investigators to work in two critical 
areas: (1) To develop methods capable of differentiating 
between viable and nonviable femoral head within the 
first 12 to 24 hours of injury and thus establish objective 
indications for internal fixation and prosthetic replace- 
ment. (2) To develop better devices for internal fixation. 
Only when this is accomplished will the “unsolved” frac- 
ture become a “solved” one. 


Saul S. Haskell, MD, gave permission to report the case shown in Fig 8. 
The sliding screw compression device shown in Fig 8 was supplied by the 
Richards Manufacturing Company, Inc. 


References 


1. Trueta J, Harrison MHM: The normal vascular anatomy of 
nei femoral head in adult man. J Bone Joint Surg 35-B:442-461, 


2. Sevitt S, Thompson RG: The distribution and anastomosis of 
arteries supplying the head and neck of the femur. J Bone Joint 
Surg 47-B:560-573, 1965. 

3. Banks HH: Healing of the femoral neck fracture, in Proceed- 
ings of the Conference on Aseptic Necrosis of the Femoral Head. 
St. Louis, Surgery Study Sections, National Institutes of Health, 
1964, pp 465-482. 

4. Massie WK: Treatment of femoral neck fractures empha- 
sizing long-term follow-up observations on aseptic necrosis. Clin 
Ormen 92:16-62, 1973. 

5. Deyerle WM: Plate and peripheral pins in hip fractures: Two- 
plane reduction, total impaction, and absolute fixation. Curr Prac 


Primary Internal Fixation/Pankovich 25 






















I r P 
r A 
- i 


val 

Pah rA, 
P Paget Surg 3:173-207, 1966. 
= 6. Devas MB: Stress fractures of the femoral neck. J Bone 
~ Joint Surg 47-B:728-738, 1965. 
7. Linton P: Types of displacement in fractures of femoral neck 
___ and observations on impaction of fractures. J Bone Joint Surg 31- 
__ B:184-189, 1949.” 

æ 8. Linton P: On the different types of intracapsular fractures of 

the femoral neck. Acta Chir Scand 90 (suppl 86):1-122, 1944. 
wi 9. I erman L, Maréuson RW: Intracapsular fractures of the 
= neck of the femur. J Bone Joint Surg 52-B:514-517, 1970. 
10. Pauwels F: Der Schenkelhalsbruch ein mechanisches Prob- 
~ Jem: Grundlagen des Heilungvorganges Prognose und kausale 
AM per ie. Z Orthop Chir 63:32-33, 1935. 

on ? y 
neck. J Bone Joint Surg 48-A:1031-1047, 1966. 
~ — 12. Hilleboe JW, Staple TW, Lansche EW, et al: The nonopera- 
= tive treatment of impacted fractures of the femoral neck. South 
= Med J 63:1103-1109, 1970. 
Aas of 13. Crawford HB: Conservative treatment of impacted frac- 
~ tures of the femoral neck. J Bone Joint Surg 42-A:471-479, 1960. 
14. Banks HH: Factors umee the result in fractures of the 
= femoral neck. J Bone Joint Surg 44-A:931-964, 1962. 
NN qi 15. Bentley G: Impacted fractures of the neck of the femur. J 
- Bone Joint Surg 50-B:551-561, 1968. 
~ 16. Soto-Hall R, Johnson LH, Johnson RA: Variations in intra- 
_ articular pressure of hip joint in injury and disease: Probable fac- 
= tor in avascular necrosis. J Bone Joint Surg 46-A:509-516, 1964. 
= 17. Cotton FJ, Morrison GM: Hip fractures: Valgus position— 
accidental or engineered. J Bone Joint Surg 20:461-468, 1938. 
= _ 18. McElvenny RT: Management of intracapsular hip fractures. 
= Surg Clin North Am 29:31-58, 1949. 
ale 19. Christophe K, Howard LG, Potter TA, et al: A study of 104 


| 


f- f 
ely * 


50 Years Ago 


in the Archives of Surgery 


“Sampson JA: Arch Surg 10:1-72, 1925. 


26 Arch Surg/Vol 110, Jan 1975 





ee i ay 


es = a Tu i my os A Sra i ; E i í N. 7 - A 
Pay, 4 y y r iA EMAA J t p d F 
` eA x s wa NS? n ~ oe y eth ee aE leg ure s te c SOL Ahh ee oT e` BTA T a a he Å x 
Fei - Hë. Hi pen px PA J ht St ELA F pÝ Sy Pes OY | ays FF 
Me i « o™ ? j po 4 “ wn n 
i A, x 7 


lickenstaff LD, Morris JM: Fatigue fracture of the femoral 





E 
t : ArT) P 3 i ad - A ; : i j 
TANS ; Z haid othe pers We A PE eee ss N wide Sal es ee SR ve Ret dW Vad Pas” 1 : 










5e f ; 1 $ i ‘> i L ‘ 

Moat PE" é i 

y À Paet % iGO Y tay 
j ae Mi eh Pe “a = Se 

Psd. oer Fe 


Tn ~ wld 





r ` 
4 r 


consecutive cases of fracture of the hip. J Bone Joint Surg 35- 
A:729-735, 1953. 

20. Eggers GWN, Shindler TO, Pomerat CM: The influence of 
the contact-compression factor on osteogenesis in surgical frac- 
tures. J Bone Joint Surg 31-A:693-716, 1949. 

21. Miller ME, Allgower M, Willenegger H: Manual on Internal 
Fixation. New York, Springer-Verlag, 1970. ; 

22. Charnley J: Treatment of fractures of neck of femur by 
compression. Acta Orthop Scand 30:29-48, 1960. 

23. Massie WK: Fractures of the hip. J Bone Joint Surg 46- 
A:658-690, 1964. 

24. Deyerle WM: Multiple-pin peripheral fixation in fractures 
of the neck of the femur: Immediate weight-bearing. Clin Orthop 
39:135-156, 1965. 

25. Massie WK: Functional fixation of femoral neck fractures: 
Telescoping nail technic. Clin Orthop 12:230-255, 1958. 

26. Pugh WL: A self-adjusting nail-plate for fractures about 
the hip joint. J Bone Joint Surg 37-A:1085-1093, 1955. 

27. Deyerle WM: Absolute fixation with contact compression in 
hip fractures. Clin Orthop 13:279-298, 1959. 

28. Metz Jr CW, Sellers TD, Feagin JA, et al: The displaced in- 
tracapsular fracture of the neck of the femur. J Bone Joint Surg 
52-A:118-127, 1970. oe, 

29. Schumpelick W, Jantzen PM: A new principle in the oper- 
ative treatment of trochanteric fractures of the femur. J Bone 
Joint Surg 37-A:693-698, 1955. : 

30. Clawson DK: Intracapsular fractures of the femur treated 
by the sliding screw plate fixation method. J Trauma 4:753-756, 
1964 


31. Hinchey JJ, Day PL: Primary prosthetic replacement in 
fresh femoral-neck fractures. J Bone Joint Surg 46-A:223-240, 
1964. 


Endometrial Carcinoma of the Ovary Arising in 
Endometrial Tissue in That Organ* 


“Endometrial tissue in the ovary is of common occurrence. The evidence obtained 
would indicate that it usually develops from implantation of bits of uterine mucosa es- 
caping through the tubes during a retrograde menstrual flow from the uterine cavity. 
Tubal epithelium also may possibly become implanted on the ovary. It is difficult to dis- 
prove that endometrium-like tissue may not occasionally arise from the true surface 
epithelium of the ovary; I have seen a few specimens which might be so interpreted.e 
The evidence [is] in favor of malignant changes in endometrial tissue in the ovary as a 
source of some, and possibly of many, ovarian carcinomas... .” 
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Primary Prosthetic Replacement 


for Femoral Neck Fractures 


Peter G. Carnesale, MD, Lewis D. Anderson, MD 


Treatment of displaced femoral neck fractures remains a problem. 
Routine prosthetic replacement is controversial. Review of 100 pa- 
tients treated at the Campbell Clinic from 1957 to 1966 suggests 
that 60% long-term good results can be anticipated at a cost of 5% 
mortality and 25% morbidity. We believe prosthetic replacement 
probably should be restricted to (1) those patients admitted for treat- 
ment late or those in whom previous internal fixation has failed, (2) 
elderly patients whose fracture cannot be reduced closed, and (3) pa- 
tients with special circumstances such as pathologic fractures, sei- 
zure disorders, Parkinsonism, and so on. 


he displaced intracapsular fracture of the neck of the 

femur continues to represent a serious problem for 

the trauma surgeon. No universally accepted treatment 
yet exists. 

Hey Groves used an ivory femoral head prosthesis in the 
late 1920s to treat a femoral neck fracture. The acrylic Ju- 
det prosthesis was introduced in the late 1940s. Stainless 
steel and vitallium became the next implants, and during 
the 1950s a multitude of designs were introduced, includ- 
ing those of F. R. Thompson and A. T. Moore. 

Beginning in the late 1950s, prosthetic replacement for 
acute displaced femoral neck fractures became popular at 
the Campbell Clinic. Generally, it was restricted to those 
patients who were believed to be capable of walking and 
whose life expectancy was judged to be less than ten to 15 
years. 

Initially the anterior exposure of Hueter and the modi- 
fied posterolateral approach of Gibson were preferred, but 
after the posterior (Moore) exposure was introduced, it be- 
came most popular. 

Early in our experience the F. R. Thompson prosthesis 
was used; however, most of us came to prefer the Moore, 
restricting the use of the Thompson to those fractures ex- 
tending low on the femoral neck. 

Until relatively recently, patients were not permitted to 
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walk until after the second to third postoperative week. 
Now most of us permit early ambulation, often during the 
first few postoperative days if the patient has good leg 
control. 

We do not routinely administer anticoagulants to our 
patients, nor do we routinely use antibiotics. Suction 
drainage is usually, but not invariably, used. 

Currently there is considerable variance of opinion at 
the Campbell Clinic regarding the place of the prosthesis 
for acute fractures of the femoral neck. Several of the 
staff members prefer closed reduction and internal fix- 
ation of various types such as multiple Knowles pins, 
the Deyerle apparatus, or the Calandruccio compression 
screw. For these surgeons, the use of the prosthesis is re- 
stricted to elderly patients whose closed reduction or pre- 
vious internal fixation failed, who are seen late, or who are 
admitted with special situations such as seizure disorder, 
parkinsonism, alcoholism, or pathologic fracture. Others of 
us have used the prosthesis more routinely for patients 
with displaced femoral neck fractures who are over the 
age 65 to 70 years and are expected to resume ambulation. 

None of us advocate the routine use of the long stem 
prosthesis and none of us believe that methyl methacry- 
late should routinely be used to cement the prosthesis into 
the femoral shaft. There are certain circumstances in 
which use of the cement could be justified; for example, 
the pathologic fracture associated with a malignant neo- 
plasm and the extremely wide medullary canal associated 
with advanced osteoporosis. We believe that, when cement 
is used a solid stem prosthesis, such as the Thompson, is 
preferable. 


SUBJECTS 


One hundred cases, nearly consecutive, of prosthetic replace- 
ment for acute fractures of the femoral neck and head (one case 
of type IV fracture dislocation of the hip) were reviewed from the 
private service of the Campbell Clinic from October 1957 to April 
1966. An attempt was made to select cases reported prior to the 
closing of the old Campbell Clinic Hospital Department so that all 
records and roentgenograms would be readily available. 

Records and roentgenograms were reviewed and an attempt 
was made in August 1973 to contact patients by letter and ques- 
tionnaire. A few patients were personally examined at that time. 
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Fig 1.—Left, Right hip of 61-year-old woman who fell two weeks 
before admission. Right, Austin-Moore prosthesis inserted via pos- 
terior approach. Course complicated by pulmonary embolus. 





Fig 3.—Right hip of 72-year-old woman injured by a fall. Austin- 
Moore prosthesis was inserted and her postoperative course was un- 
complicated 


RESULTS 

Twenty-two percent of our patients could be observed 
over a four- to 13.5-year period (four years, 5%; five years, 
1%; six years, 3%; seven years, 5%; eight years, 1%; ten 
years, 27%; 11 years, 2%; 12 years, 2%; 13 years, 1%). How- 
ever, 50% could be observed one year or less (three months, 
27%; six months, 9%; one year, 14%), and no follow-up be- 
yond discharge from the hospital could be obtained in 20%. 

Twenty-four percent of the patients are known to have 
died. Fifteen percent were not walking at last follow-up, 
and 12% had never walked. A total of 67% were walking at 
last follow-up: 15% without support, 23% with cane, and 
29% with crutches or walker. 
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Fig 2.—Follow-up of patient in Fig 1 at five months (left) and 13 
years (right) postoperative. Currently patient has moderate pain, 
walks with one crutch, and has 75% range of motion. She has never 
drained. Note both distal migration and protrusio acetabuli. 





Fig 4.—Follow-up of patient in Fig 3 at one month (left) and 12 
years (right) postoperative. Patient currently has no pain, walks 
with cane occasionally, has no limp, and demonstrates full motion. 


Of the 22 patients who could be observed for four to 13.5 
years, 14 (65%) could walk with cane or less support, eight 
(37%) had full or almost full motion, 13 (60%) had no or 
minimal pain, seven (32%) had no or minimal limp, and 
eight (37%) had no significant abnormality of the roent- 
genogram. 

A total of 15 patients (15% of the total series) were 
found to have no roentgenographic abnormality one year 
or more postoperatively. Roentgenographic abnormalities 
observed included ectopic ossification only (20%), distal mi- 
gration only (7%), and a combination of joint space nar- 
rowing, protrusio acetabuli, and, occasionally, distal mi- 
gration (12%). Stem loosening occurred in two cases (2%), 
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both associated with other abnormalities mentioned 
above. 

The age range of this series was 45 to 97 years. Hight 
percent were less than 65 years old (late fractures, Parkin- 
sonism, and so on). Thirty-six percent were 65 to 75 years 
of age (66 to 70, 15%; 71 to 75, 21%), 36% were 76 to 85 
years (76 to 80, 14%; 81 to 85, 22%), and 20% were older 
than 85 years. Eighty-seven percent of our patients were 
women. 

The left hip was involved 51 times and the right 49. 
There were no simultaneous bilateral fractures. Eighty- 
six percent of the injuries occurred in simple falls. An- 
other 9% occurred in falls in a nursing home. In two pa- 
tients there was no apparent trauma. 

Thirty-three percent of the fractures were classified 
simply as displaced, 50% were subcapital, and 15% were 
comminuted extensively. One fracture was basilar neck in 
a Parkinsonian and another was a four-week old type IV 
fracture dislocation of the hip. 

Forty-five percent of the patients were operated on 
within 24 hours of injury, 19% between 24 and 48 hours, 6% 
between 48 and 72 hours, and 30% after 72 hours. The pos- 
terior approach was used 55 times, Watson-Jones eight 
times, modified Gibson 21 times, and Hueter 16 times. 

We used the Moore prosthesis in 76% and the Thompson 
in 24%. Ten percent of our patients were hospitalized two 
weeks or less, 25% between two to three weeks, another 
25% three to four weeks, and 40% were hospitalized longer 
than four weeks. The longest hospital stay was 63 days. 

Thirty percent of the patients had complications. There 
were five postoperative deaths (within 90 days). Six per- 
cent had wound infection (four superficial and two deep). 
Two patients had wound hematoma. Another two had pul- 
monary emboli and one patient had thrombophlebitis 
without embolization. One patient dislocated his pros- 
thesis. Other complications included cerebrovascular acci- 
dent (two), urinary tract infection (four), decubitus ulcers 
(two), skin slough (one), urinary retention (one) and other 
(three) (Fig 1 through 4). 


; COMMENT 


Our present series suggests that one can expect about 
60% long-term good results with prosthetic replacement 
for acute displaced femoral neck fractures with 5% mor- 
tality, 6% wound infection (four superficial and two deep), 
and a total of 30% overall complications. 

The earlier Campbell Clinic series reported in 1964 by 
Anderson et al' included 90 acute femoral neck fractures 
treated by prosthetic replacement; 33 could be observed 
one year or longer. Around 85% of the patients were said 
to have a good result in a group with a relatively short fol- 
low-up. 

Other series With shorter follow-ups have also indicated 
results similar to those reported by Anderson et al. Hin- 
chey and Day? (1964) reported 294 fractures of the femoral 
neck treated by the Austin-Moore prosthetic replacement. 
Two hundred twenty-five hips could be observed from one 
to eight years. Results were said to be satisfactory in 84%. 

In assessing the place for primary prosthetj lace- 
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ment, results must be compared with those that have been: 
obtained at the Campbell Clinic and by others with reduc- 
tion and internal fixation. Boyd and Salvatore’ (1964) re- 
ported 540 fractures of the neck of the femur of which 160 


were displaced i. observed one year or longer. ` 
Fifty-six percent obtained union without avascular necro- 


sis, 10.1% went to nonunion, and 32.5% developed avascu- 
lar necrosis. However, only 18% required a second oper- 


ation. Mortality was 2.6% (first four weeks following 


operation). There were no deep infections. Most of these 


fractures were treated with a combination of a Smith-Pe- 


tersen nail and two Knowles pins. 


As yet, there are no figures available for the Campbell | 
Clinic experience with newer forms of internal fixation — 
such as the Deyerle apparatus or the Calandruccio com- — 


pression screw. 


Metz et al* (1970) reported 63 displaced femoral neck — 


fractures treated with the Deyerle apparatus. Forty-three 


patients could be observed two years. Thirty-five (81.4%) _ 
were said to have excellent functional and roentgen- — 


ographic results. There were five (11.6%) with avascular 
necrosis, two (4.7%) with nonunion, and one (2.3%) with 
delayed union. Mortality was 4.8% in the first postopera- 
tive month and 15.9% within the first three postoperative 
months. Two patients (3.2%) had wound infections. 


Frankel et al’ have studied the forces across hip frac- _ 


tures using strain gauges and telemetry devices incorpo- 


rated within a specially designed nail. They found that, — 
“Loads of the same order of magnitude occurred whether 


the patient was (1) kept in bed and nursed by turning, (2) 


assisted in transfer to a wheelchair, or (3) allowed to walk | 


with a walker.” 
From these data one could argue that probably most of 
the commonly used methods of internal fixation of frac- 


tures of the neck of the femur could permit early assisted — 


walking provided that a stable reduction had been — 


achieved and the device properly used. 


An ideal method of treatment for the acute displaced | 


femoral neck fracture is not yet available. Routine pros- 


thetic replacement remains controversial. We believe, | 
however, that certain situations do warrant use of the © 


prosthesis: (1) the fracture seen late or in which a previous 
attempt at internal fixation has failed, (2) the elderly pa- 
tient in whom closed reduction fails, and (3) the “special” 
situations such as pathologic fracture, Parkinsonism, 
poorly controlled epilepsy, and so forth. 
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Treatment for 
Fixation Complications 


Femoral Neck Fractures 


John P. Albright, MD, Stuart L. Weinstein, MD 


Of 102 hips with femoral neck fracture complications, 75 required 


| major secondary procedures such as total hip replacement, femoral 


prosthesis, cup arthroplasty, tibial bone grafting, and head and neck 


_ resection. The method chosen depended on the specific problem: 


nonunion, aseptic necrosis, infection, degenerative arthritis, or a 


= failed primary prosthesis. Other factors influencing treatment were 


the patient’s chronological and physiological age, his general health, 
his life pattern, and the familiarity of the surgeon with the technique 
and the advantages and disadvantages of the various salvage proce- 
dures. 


espite improved techniques for managing femoral neck 
fractures, complications remain commonplace. At the 
University of lowa we see nearly 34 examples each year. 
Between January 1970 and January 1973 there were 155 
operations for fresh femoral neck fractures and 102 sec- 
ondary or salvage procedures. An increasing acceptance of 
high-angled sliding nail or pin systems, complete with lat- 
eral fixation devices, and the principle of early impaction 
should enable us to nearly eliminate the 36 nonunions we 
saw during this period.'* Of the 102 hips, 75 needed major 
salvage procedures requiring more than mere removal of 
hardware or local debridement. These figures are some- 
what biased in that complications tend to be more readily 
referred to us than fresh fractures. 

Table 1 lists the reasons for primary treatment failures 
and subsequent corrective procedures at Iowa during the 
past three years. These statistics are presented merely to 
put this problem in perspective and to illustrate alterna- 
tive methods of treatment recently used at the University 
of lowa. The numbers represent a conglomerate for the 
entire staff and do not reflect individual preferences for 
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specific cases. The table does indicate, however, that no 
one procedure is a panacea for homeotypical complica- 
tions. In each case, many factors must be considered by 
the surgeon before a decision about the best choice of 
treatment can be made. 


EVALUATION OF FEMORAL NECK 
FRACTURE COMPLICATIONS 


I. Patient information 
A. Physiologic age 
1. Patient’s chronologic age 
2. General medical status 
a. Cardiorespiratory 
b. Neuromuscular 
3. Mental status 
a. Alertness 
b. Attitude 
B. Functional expectations ` 
1. Patient’s requirements, ie, pain relief, ability to walk 
2. Preoperative ambulatory status 
3. Postoperative expectations: functional demands, ie, 
house confinement, return to work 
4. Effect of specific complication on expected results 
C. Status of other joints, ie, hip, knees, upper extremities 
1. Future degree of pain or disability 
2. Ability to use crutches 
D. Procedure survivance requirement, ie, life expectancy of 
patient modified in terms of physiologic age 
II. Knowledge of salvage procedures 
A. Alternative procedures 
1. Girdlestone 
2. Arthrodesis ° 
3. Bone graft 
4. Femoral prosthesis 
5. Cup arthroplasty 
6. Total replacement 
B. Chances of good result (regarding success of each proce- 
dure for specific complications) 
1. Short-term 
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2. Long-term 
C. Operative risks (death, infection, and so on) of each al- 
ternative 
D. Limitations of procedure 
1. Postoperative management requirements 
2. Technical difficulties of operation and associated post- 
operative problems 
E. Specific advantages of each procedure 
1. Functional 
2. Alternative if procedure fails 


Femoral neck fracture complications are related to age.‘ 
The additional medical problems often seen in people over 
age 65 lead to a high immediate mortality of 10% to 15%, 
with an additional 10% to 15% in the ensuing year.’ Pa- 
tients over 90 are clearly at greater risk than those closer 
to 65. Most of the serious problems are attributable to car- 
diac, pulmonary, and neuromuscular disorders as well as a 
suppressed mental status secondary to cerebral anoxia. In 
the seventh and eighth decades a majority of patients ap- 
pear to have associated cardiorespiratory problems and 
are thus poor operative risks. However, patients surviving 
femoral neck fracture long enough to develop complica- 
tions usually demonstrate stable support systems and are 
more likely to survive a salvage procedure. 

The choice of treatment may be predicated on the pa- 
tient’s chief complaint. His prime concern may be the abil- 
ity to move about on his own, or merely relief of constant 
pain. Knowledge of the patient’s ambulatory status prior 
to the operation is important. Niemann and Mankin’ re- 
ported that 17% of nursing home patients were unable to 
walk preoperatively. Only 40% of the ambulatory patients 
in this age group who survived the primary procedure 
were ever able to walk again. 

The mental attitude and expectations of the patient 
and his family can clarify realistic goals toward which the 
surgeon should aim. A functional assessment should in- 
clude such questions as: Does the patient merely need to 
walk to the bathroom and the dining room table? Could 
the patient be independently ambulatory? Is it likely that 
he will return to work? Extremely important in reaching a 
conclusion as to functional expectations is the evaluation 
of the other joints involved in postoperative ambulation. 
For instance, disease in the contralateral hip or either 
knee may alter the expected results. One would not desire 
to electively resect the head and neck in a patient who had 
a painful degenerated hip on the opposite side and who 
desired to return to work in a job that required much 
walking. Strength of the upper extremities is also impor- 
tant if the patient is expected to use assistive devices 
postoperatively. 

One should always arrive at a conclusion of the patient’s 
physiologic age from his chronologic age and the associ- 
ated medical problems that exist. This will give an idea of 
the life expectancy anticipated for the individual by modi- 
fying national vital statistics (Table 2). Our patients fit 
into these national age categories as seen in Table 3. 

An example of the use of such a table is illustrated by 
Niemann and Mankin.‘ Their nursing home patients’ one- 
year survival rate was 71% versus the one-year survival 
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rate in the population at large in this age group, whieh 
was 90%. The addition of a femoral neck fracture to the 
former reduced this survival rate to 33%. An estimation of 
the activity level and life expectancy of an individual may 


influence the choice of salvage procedure, eg, a 50-year-old ` 


woman expected to live 29 additional years should ideally 
receive the procedure offering the best, predictable life- 
time guarantee. 


RESULTS OF SALVAGE PROCEDURES 


In order to offer a yardstick for comparing the relative 
merits of the alternative operations, the data most heavily 
relied on stem from patients treated at the University of 
Iowa who were given numerical hip ratings (Figure). The 
100-point rating scale developed by Larson’ offers an ob- 
jective quantitative evaluation of hip disabilities that is 
reproducible by different examiners. It is most valuable in 
comparison of preoperative versus postoperative results 
for an individual patient. It is also useful in comparing re- 
sults between groups of patients. From its use, we can ex- 
amine results of the following reconstructive procedures 
and thereby offer an aid for use in the selection of the 
most appropriate treatment for each individual patient. 
The patient’s satisfaction is not part of this system, but is 
information obviously valuable to obtain. 

In general, patients whose score is over 90 would be 
classed as having an excellent result by any method. Sim- 


ilarly a score of less than 70 would fall into an unsatis- 


factory or poor category. Scores between 80 and 90 are 
reported as good results. Caution should be used in at- 
tempting to apply the general scores to making a decision 
on an individual patient. The expected improvement in 
the specific deficit most affecting that patient is far more 
important. 


Girdlestone Procedure 


The classic “last resort” in modern hip surgery, other 
than the extreme of disarticulation, is a procedure remov- 
ing the head and neck, as described in the 19th century for 
the treatment of infection. The observation that a patient 
with a Girdlestone procedure can function fairly well free 
of significant pain is often assumed. A long-term look at 
how patients actually fare after this procedure has re- 
cently been reviewed by Parr et al.’ Table 4 presents a 
summary of these results. 

The overall results were encouraging, with 81% of the 
patients satisfied. Poor results were usually due to poor 
general medical status. From this study we can conclude 
that a Girdlestone procedure is most effective at per- 
manently relieving pain. However, these people cannot 
expect a normal hip. They will have a short leg, unstable 
hip, and will walk with a limp. They may require a shoe 
lift and at least a cane for support. Patients needing bilat- 
eral procedures should be warned of a poor prognosis. 

The procedure itself is simple but does require several 
weeks before the limb can comfortably tolerate weight 
bearing. Traction is frequently used for the first two to 
three weeks but does not appear to prevent shortening. 
Instability may be lessened by a pelvic support osteotomy. 
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Table 1.—Three-Year (1970 to 1973) Operative Records for Complications of Femoral Neck Fractures 
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Treatment 
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i Removal 
Hardware 
No. of Total Bone Femoral Cup and/or ' 
Diagnosis j Patients Hip Graft Prosthesis Girdlestone Arthroplasty Debridement 
Nonunion 36 9 11 11 2 3 
Second-degree 
aseptic necrosis 12 4 5 1 1 1 
Infection 15 6 
Failed Austin-Moore 12 10 1 1 
Painful nail/pins 18 1 17 
Second-degree 
degenerative arthritis 9 6 3 
Total 102 29 16 13 10 7 27 
Average age at 


second procedure, yr 


These results must be used as a basis for comparison with 
the more sophisticated procedures discussed below. Any 
procedure chosen over this one should yield better than a 
70-point average on the Iowa scale, or an average gain of 
more than 35 points per patient. 


Arthrodesis 


Fusion of the hip is only briefly mentioned as it is rarely 
elected by patients in our institution. Although this can be 
a reliable procedure in a child, the average age of the fem- 
oral neck fracture patient we are seeing with complica- 


tions is the sixth decade. We believe this procedure is con- 


traindicated in this age group because of the lack of 
adaptability of the lower part of the back, which is re- 
quired for successful arthrodesis.* Also the prolonged 
(three to six months) immobilization necessary to obtain a 
good result could lead to the high mortality seen long ago 
when the fresh fractures were treated with cast immobili- 
zation. 


Tibial Bone Grafting 


In 1968, Bonfiglio and Voke? reported the effects of 116 
tibial grafts to the femoral head and neck observed for 
two to 15 years. Ninety-three procedures were done for 
aseptic necrosis and/or nonunion secondary to femoral 
neck fractures. Table 5 summarizes the overall ratings for 
these patients. 

Nonunion.—When done for nonunion, threaded pins are 
also inserted for stability. All but five (84%) of the pa- 
tients in this category had a satisfactory result with 
decreased pain, improvement in function, and increased 
range of motion. In those instances where manipulation 
was required to realign the neck-shaft relationship, there 
was less chance of a good result (79%) than when a graft- 
ing in situ was done (92%). 

A long interval between fracture and bone grafting did 
not affect the result; the average lapse in this study was 
nine months. 

Aseptic Necrosis With Nonunion.—Seventy-six percent of 
the patients in this group had a satisfactory result, mak- 
ing this syndrome the most difficult to overcome with a 
bone graft. Most of the failures in this group occurred in 
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Table 2.—Abridged Life Table* 










Age, yr Average Life Remaining, yr 
Birth 71.2 

20 53.3 

30 44.0 

40 34.8 

50 29.0 

60 18.6 

70 12.3 

75 9.7 





7.5 






* Data from Vital Statistics Report: Annual Summary for the United 
States, 1972. 


cases where instability was a problem at the time of 
grafting, ie, those requiring reduction of fragments be- 
cause of malalignment or those where grafting was per- 
formed less than one year after primary surgery. 

Aseptic Necrosis With Union.—Eighty-one percent of 
these patients had satisfactory results. Early diagnosis is 
difficult and is rarely made sooner than six months after 
fracture. The average time from onset of pain to grafting 
was 25 months and often ranged as high as four years. 
This delay did not substantially affect the results. In these 
patients there was no direct correlation between the de- 
gree of the collapse and the chance of success. Also, the 
roentgenographic presence of degenerative changes did 
not necessarily correlate with clinical symptoms. However 
it does seem reasonable that eventual secondary de- 
generative arthritis is more likely when substantial de- 
formity of the femoral head is present. Pain is often 
relieved immediately postoperatively, a phenomenon sim- 
ilarly noted with osteotomy at the hip or knee. The range 
of motion, muscle strength, and so forth Jmprove with an 
exercise program. But, those people with at least 90° flex- 
ion and less than a 30° flexion contracture preoperatively 
tend to have more satisfactory results than those with 
stiffer hips. 





In order to obtain an idea of the longevity of a success- , 


ful grafting, we selected only those patients evaluated at 
least seven years postoperatively. Twenty-two of the 93 
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patients qualified; the time at examination ranged from femoral head while providing the relatively good chance 
seven to 15 years. Fifteen patients originally had nonun- of long-lasting success in the posttraumatic cases. The 
ion and aseptic necrosis, four had aseptic necrosis alone, procedure also carries a low morbidity and mortality. It is 
and three had nonunion alone. The average age was 59.9 a conservative procedure in that, if it is not successful, 
years. The preoperative hip rating was 49 and the postop- any of the other reconstructive procedures can still be. 
erative hip rating was 86 (gain of 37). All but four main- performed. Also, even if painful degenerative changes 
tained their hip ratings. Each of these patients had had emerge beyond the 15-year time span studied, it shortens 
nonunion with aseptic necrosis. One patient with an 82 the years an implant will be required to function. 
rating at 4.5 years lost points to 77 by seven years. Two However, inserting a tibial graft is a technically de- 
other patients noted moderate pain secondary to degen- manding procedure where poor attention to detail is likely _ 
erative changes at seven and 12 years after grafting. The to lead to a poor result. It also requires a cooperative pa- _ 
fourth patient had developed a mild secondary collapse tient who will carry out the postoperative program of pro- _ 
and fatigue pain only. Two patients required a second tected weight bearing and hip strengthening exercises for 5 
grafting procedure before desired results were obtained about ten to 12 months. Major postoperative complications 
and continued to do well 7.6 and 8.0 years later. are fewer than those seen with implant surgery, but they 
As noted in Table 1, the bone grafting procedure re- do exist. Fifteen of the 93 patients required a second oper- _ 
mains an attractive choice at the University of Iowa, espe- ation during this study period. In 2.7% of these patients, — 
cially for the younger, more active patients. It saves the an infection necessitated a Girdlestone procedure. Some | 
One hundred point scale for hip evaluation. 
A. Function (35 points) 
Does most of housework or job that requires moving about 5 am 
Dresses unaided (includes tying shoes and putting on socks) 5 Di 
Walks enough to be independent 5 RE 
Sits without difficulty at table or toilet 4 is 
Picks up objects from floor by squatting 3 ai 
Bathes without help 3 i 
Negotiates stairs foot over foot 3 A 
Negotiates stairs in any manner 2 A 
Carries objects comparable to suitcase 2 hi 
Gets into car or public conveyance unaided and rides comfortably 2 Ss 
Drives a car 1 | 
B. Freedom from pain (35 points) C. Gait (10 points) a 
j 
No pain . ; 35 No limp; no support 10 mn: 
Pain only with fatigue 30 No limp using cane 8 by 
Pain only with weight bearing 20 Abductor limp 8 
e Pain at rest but not with weight bearing 15 Short leg limp 8 4i 
Pain sitting or in bed 10 Needs two canes 6 | 
Continuous pain | 0 Needs two crutches 4 i 
Cannot walk 0 q 
D. Absence of deformity (10 points) E. Range of motion (10 points) i 
No fixed flexion over 30° 3 Flexion-extension (normal 140°) E. 4 
No fixed adduction over ten degrees 3 Abduction-adduction (normal 80°) CIs : 
No fixed rotation over ten degrees 2 External-internal rotation (normal 80°) ‘ $ 
Not over 2.5 cm shortening 2 Total degrees re a 
Points (1 point/30°) Ri bs 
Muscle, strength (No points) f 
* Straight leg raising: Less than gravity Gravity Gravity + resistance | 
Abduction: Less than gravity Gravity Gravity + resistance 4 
Extension: Less than gravity Gravity Gravity + resistance | 
Y 
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pin migration was seen in 24 of 36 (66%) of the patients 
with nonunion. But this did not always require later re- 
moval of the hardware. 

The technique appears most successful when nonunion 


_ -exists without malalignment fragments or when aseptic 


necrosis exists alone. , 


Femoral Head Prosthesis 


- The long-term results of 237 consecutive femoral head 
prostheses done at Iowa for neck fractures have been re- 


- ported.'® One hundred three prostheses were inserted as 


salvage procedures some 14 months postfracture. As seen 
in Table 6, the often prohibitive mortality of prosthetic re- 
placement for fresh neck fractures does not appear to be a 
major factor in the salvage procedure for reasons men- 
tioned previously. 

Complications were frequent in the overall prosthesis 


series, with the most serious being infection. In 2.5% of 
_ the cases, deep infection necessitated removal of the pros- 


thesis. Such infections can increase the mortality drasti- 


 eally.* In another 7.5%, a wound hematoma with or with- 
- out superficial infection was present. Femoral shaft frac- 
tures occurred frequently (6.8%) at the time of reduction 
or during insertion of the medullary stem. This is a much 
= greater problem in the salvage procedures where disuse 
= osteoporosis has weakened the bone strength. Another 
_ problem inherent to this salvage procedure and total re- 
= placement is incorrect placement of the metal stem. In 


3.4% of these cases the stem protruded from the shaft at 
the site of the old nail hole. Shaft fracture, stem protru- 
sion, or early dislocation did not affect the late results if 


_ they were treated properly. 


Forty-three of the patients having salvage procedures 
were still alive over one year postoperatively, mentally 
alert, and available for follow-up examination. The aver- 
age time from surgery at follow-up was four years and 
four months. The average hip rating for this group was 
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83.7, with 86% of the individuals having satisfactory re- 
sults ( < 80 points). Salvati and Wilson" noted that the re- 
sults over an average of nine years were best in patients 
with aseptic necrosis or nonunion when the acetabular 
cartilage was intact. s 

Anderson et al’ reported 79.5% good to excellent results 
in treatment of traumatic aseptic necrosis. Their poor re- 
sults were seen when care was not taken to avoid cutting 
too much bone from the femoral neck, causing looseness. 
For nonunion they also reported a 71.4% overall success 
rate, with an 82% satisfactory result using the Austin- 
Moore prosthesis versus the Thompson. 

Late complications were not substantial in the lowa pa- 
tients but were noted in as many as 10% of Salvati and 
Wilson’s study. The three potential problems worth men- 
tioning in this category are (1) loosening of the stem in 
the femoral shaft; (2) distal migration of the prosthesis; 
and (3) proximal (acetabular) migration with intrusion of 
the prosthesis into the pelvis. Of these three, proximal mi- 
gration is the most likely to alter the chance of a good 
long-term result. It occurred in as many as 15% of Austin- 
Moore prostheses.'? It can also occur despite the presence 
of normal acetabular cartilage at the time of surgery. 

The type of surgical approach does not seem to affect 
the complication rate or the long-term results. Currently 
at Iowa, the posterior approach is used most frequently 
because it leaves the greater trochanter intact and allows 
early ambulation. The anterior approach is indicated occa- 
sionally when a flexion contracture exists that needs re- 
leasing at the time of prosthetic insertion. 

The fenestrated stem Austin-Moore prosthesis is usu- 
ally selected from diverse prosthetic designs because there 
appears to be less chance of stem loosening and distal mi- 
gration. The Thompson prosthesis, however, is recom- 
mended for those cases where less than 1.3 cm of the fem- 
oral neck is left above the lesser trochanter because it 
does have a greater height. Presently no well-documented 


Table 3.—Age Distribution of 102 Patients 


Aseptic 


Age (yr) Range Totals Nonunion Necrosis 
Under 50 

50-59 

60-69 


70-79 


Total 


Average 
age, yr 


Infection 





Second-Degree 
Degenerative 
Arthritis 


Failed First 
Prosthesis 


Painful 
Pins/Nail 


Table 4.—Hip Rating for Head-Neck Resections 


No. of 
Patients 


All patients 
Infected patients 





Follow-up, mo 


Hip Rating 


Heel lift, cm 
2.5 
2.7 


Preoperative Postoperative 
35 70 
31 79 


* Two additional patients were not rated; both apparently had poor results. 
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long-term results of cementing the Thompson prosthesis 
are available. Such data could well show elimination of the 
shaft loosening and distal migration, but could also show 
an increase in the likelihood of proximal migration. 


Cup Arthroplasty 


In 1969, Johnston and Larson” reported the results of 
543 cup arthroplasties performed at the University of 
Iowa and observed from three to 16 years, with an aver- 
age of eight years. Of these operations, 76 were for com- 
plications of femoral neck fractures. We reviewed the 
records of 26 patients in this group who had a normal op- 
posite hip (Table 7). 

The ratings are not quite as good as those for the larger 
group (77-point average) or for the more recent results re- 
ported by Collis and Johnston (80- to 90-point average).' 
This is attributable to the evolution of the biomechanical 
principles during the early cases.'° Subsequently, as far as 
possible, the acetabulum has been moved medially and in- 
feriorly while the greater trochanter has been transferred 
laterally and distally through a lateral approach. This is 
probably most important in those patients with nonunions 
where shaft arthroplasties are frequently performed. 

The symptom for which relief is most often requested 
and most successfully relieved with this operation is pain. 
Nearly two thirds of the patients will experience complete 
relief of pain and can hope to walk without a detectable 
limp, most likely using a cane. They will have an improved 
but not normal range of motion, similar to that achieved 
with total hip replacement.'® 

Poorer preoperative hip rating scores are listed for this 
group than for patients selected for tibial bone grafting. 
Cup arthroplasty does tend to give a greater improvement 
in hip rating for the more disabled preoperative hips when 
compared to tibial graftings. Complications were substan- 
tial with this procedure. The infection rate in all 543 oper- 
ations was 3.8%; mortality was 1.5%; thrombophlebitis rate 
was 5.8%, with pulmonary emboli seen in 3.6%. Subluxa- 
tions and dislocations occurred in 7% of all procedures, but 
many of these occurred in those nonunion cases with the 
early reconstructive attempts done before trochanteric 
transfers became routine. Greater trochanter problems 
(ie, nonunion) were noted in 9.4% of the operations. 

Surgical revisions were required in about 4% of the 76 
procedures done postfemoral neck fracture. When revision 
is required for any reason, the final result is likely to be 
poor. Only 36% in this series had a rating of 80 or better 
after revision. 

Shortening of 2.5 cm occurred and was related to the 
amount of bone already missing at surgery as in the non- 
union cases. Occasionally, settling of the cup on the femur 
also occurred. 

It can be seen*from these statistics that patients with 
late complications of femoral neck fractures can improve 
with cup arthroplasties; almost all improved their rating 
in the pain category. Like bone grafting, cup arthroplasty 
is an acceptable means of treatment for this problem, as- 
suming one has a patient who is not only capable of, but 
willing to follow through with the lengthy postoperative 
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cup arthroplasty rehabilitation program. We also know 


that if a cup succeeds, it can last the life of the patient; 
and if it fails, we are left with many alternatives, ie, re- 
vise the cup, insert a femoral prosthesis, replace the entire 


hip joint, or resect the head and neck. Like the bone graft- - 


ing procedure, this is a difficult operation that requires ex- 
perienced hands for good, long-lasting results. 


Total Hip Replacement 


Several hundred Charnley total hip replacements have 
been done at the University of Iowa since 1969.2517 Fol- 
low-up in this large series of patients indicates that there 
is no substantial difference in the final outcome no matter 
what the preoperative diagnosis. The overall, fairly short- 
term results indicate a hip rating averaging from 90 to 95 
with patients preponderantly satisfied. Prospective com- 
parison of 90 more recent cup arthroplasties with 183 re- 
cent total joint replacements indicates reliably superior 
results of the latter.‘ The total hip replacement allows a 
more rapid postoperative recovery, greater endurance, 
less pain, and less limp than does the cup procedure. 

Long-term results have recently been reported by Charn- 
ley."* In 379 operations extending from four to seven 
years, 90% of the patients appeared to have excellent re- 
sults regarding relief of pain, range of motion, and ability 
to walk. These early good results have apparently not de- 
teriorated with time. In Charnley’s series of 582 cases, an 
11.5% complication rate was reported. This included non- 
union of the greater trochanter (4.2%), infection (3.8%, 
half of these occurring late), death (2.1%), and mechanical 
failure (1.4%). We have had fewer infections but more dis- 
locations and subluxations, as well as greater trochanteric 
problems. 

DuPont and Charnley also recently discussed technical 
difficulties in total hip replacements after failures of pre- 
vious operations.’ Forty-one out of a total of 217 oper- 
ations were performed on patients who had originally 
fractured the neck of the femur. It was found that the 
most difficult implant to replace was the Austin-Moore 
prosthesis because of the diminished size of the greater 
trochanter and the difficulty of extraction of the fenes- 
trated stem from the medullary canal. Conversion from cup 
arthroplasty was apparently the easiest technically. In 
this group of salvage procedures, 84.5% of the patients 
were totally relieved of pain, whereas 3.5% still had signif- 
icant pain. 

As seen in Table 1, total hip replacement has been done 
more than any other major salvage procedure at our insti- 
tution in the last three years. However, it has been re- 
served for older patients with circumscribed life expec- 
tancies and for patients in whom a good result with any of 
the alternative procedures could not be anticipated. It is 
currently our thinking that successful total hip replace- 
ment can be expected to last for at least ten years. More 
time will be needed to establish the maximum longevity of 
such a procedure. Its attractive early results must be 
weighed against its potential complications, and the pa- 
tients’ prognosis if for some reason the device must be re- 
moved. 
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Table 5.—Hip Rating for Tibial Bone Grafts 






Hip Rating 















+ No.of Age, Follow-up Preop- Postop- 

Diagnosis Cases yr Time erative erative 
Nonunion 31 66.6 4yr3mo 54 84 (+30) 
Aseptic 

necrosis* 

& nonunion 46 60.4 6 yr 47 81 (+34) 

* Second-degree 
aseptic 
necrosis 16 54.0 6yr11 mo 57 79 (+22) 








* Aseptic necrosis = 30% of head. 










Table 6.—Mortality in Femoral Head Prostheses 


No. of Average °f, Mortality 
Diagnosis Patients Age, yr in First Year 
Primary 
prosthesis 63 79 41 
Salvage 
prosthesis 


(nonunion and/or 


aseptic necrosis) 103 71 10 





Table 7.—Hip Ratings for Posttraumatic Cup 
Arthroplasties (Normal Opposite Hip) 
Hip Rating 


Postopera- 
tive 


Follow-up Preopera- 
Time, yr tive 


Age, 
yr 


No. of 

Diagnosis Patients 
Nonunion 

and/or 

aseptic 

necrosis 
Aseptic 

necrosis 


32.0 75.0 (+43) 


54.0 75.0 (+21) 





COMMENT 


Currently at the University of lowa, we have no pan- 
acea for the treatment of femoral neck fracture complica- 
tions. Our recent statistics (Table 1) reflect our con- 
tinous reappraisal of accumulated clinical experience. 
Each alternative treatment method carries a combination 
of advantages, disadvantages, and uncertainties that are 
unique to it. 

Total hip replacement is employed in a large number of 
salvage situations (29 of 75). It is used predominantly for 
patients with less than a 15-year physiologic life expec- 
tancy who are good operative risks and who are poten- 
tial walkers. The patients are uncomfortable and limited 
enough to stand in need of a Girdlestone procedure, the al- 
ternative in the event of a total hip replacement failure. 

Tibial bone grafting is often chosen for nonunion and 
avascular necrosis in comparatively younger patients (life 
expectancy > 20 years) in whom the preservation of bone 
appears wisest in the long-term picture. The presence of a 
fairly good preoperative Iowa hip rating, < a 30° flexion 
contracture and about 90° of flexion, makes this procedure 
an even more attractive choice. 

The Austin-Moore prosthesis has been performed less 
frequently since the introduction of whole joint replace- 
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ment. It is mainly used for nonunion patients with a phys- 
iologic life expectancy of 15 years or less or in cases where 
the acetabular cartilage remains intact. 

Cup arthroplasty is now performed infrequently, but is 
still considered desirable in comparative young patients 
with poor preoperative hip ratings, in cases of collapsed 
avascular heads, or unstable nonunion sites. These pa- 
tients present a poor prognosis for a bone graft or femoral 
prosthesis. 

Head and neck resection is done as a last resort for in- 
fections, failed implants, and/or for patients unable to 
walk preoperatively. 

The surgeon who attempts to deal with femoral neck 
fixations should be (1) familiar with the patient’s oper- 
ative fragility, physiologic life expectance, and projected 
functional needs; (2) knowledgeable about and technically 
capable to perform each of the available procedures; and 
(3) able to compute this comprehensive judgment and skill 
into the appropriate operation for his patient, ex natwra 
ret. 
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Intertrochanteric Fractures 


The Role of Complications of Fixation 


Gerald S. Laros, MD 


A review was made of 244 intertrochanteric fractures of the hip. 
The complications of fixation were examined: nail penetration, plate 
separation, or bending or breaking of the device. Factors associated 
with fewer such complications were (1) stable (noncomminuted) 
fractures, (2) nails that can accommodate to varus, (3) placement of 
the nail tip more than 10 mm from the subchondral cortex of the 
femoral head, (4) valgus reduction of the fracture, and (5) high os- 
teoporosis grade (denoting less osteoporosis). 

Neither medial displacement osteotomy nor exact anatomic reduc- 
tion of unstable fractures improved results. 

In most patients, complications of fixation did not adversely influ- 
ence the clinical course measured in terms of altered walking capac- 
ity, need for secondary surgery, or residual hip pain. 


j pe be Secon fracture is a life-threatening in- 
jury in the aged. Treatment should be chosen first as a 
means of stabilizing the fracture at the least risk so as to 
allow mobilization of the patient. Fracture healing and 
functional restoration are important considerations, but 
are secondary to the overall welfare of the patient. A pa- 
tient who dies with roentgenograms showing a beau- 
tifully nailed hip fracture after a prolonged surgical 
struggle is no therapeutic triumph. With these priorities 
clearly understood, this article deals primarily with prob- 
lems at the fracture site: What factors contribute to com- 
plications of fixation? What is the clinical importance of 
complications of fixation? 

Complications of fixation are related primarily to the 
very strong tendency of hip fractures to settle into varus 
as adductors and hamstring muscles pull the femoral shaft 
proximally and* medially. This tendency to settle into 
varus combines with other factors such as type of frac- 


Accepted for publication July 25, 1974. 

From the Section of Orthopedics, University of Chicago Hospitals and 
Clinics, Chicago. 

Reprint requests to Section of Orthopedics, University of Chicago Hospi- 
tals and Clinics, 950 E 59th St, Chicago, IL 60637 (Dr. Laros). 


_ Arch Surg/Vol 110, Jan 1975 


ture, degree of osteoporosis, choice of fixation devices, and _ 


technical errors to produce complications of fixation. 

Charts and roentgenograms of 244 intertrochanteric 
fractures from two institutions (University of Iowa and 
University of Arkansas) were reviewed and analyzed sta- 
tistically to identify factors related to complications of 
fixation. These are reported in detail elsewhere’ and the 
results summarized here. 

Intertrochanteric fractures were classified as stable if 
they had two fragments (head-neck plus shaft) and un- 
stable if they had three or four fragments (head-neck, 
shaft, lesser trochanter, and, usually, greater trochanter). 

Complications of fixation were defined as (1) pene- 
tration of the femoral head or neck by the nail, (2) bend- 
ing or breaking of the nail-plate, and (3) separation of the 
plate from the femoral shaft. 

All 103 stable fractures and 120 unstable fractures were 
treated with attempted anatomic reductions. The remain- 
ing 21 unstable fractures were treated with medial dis- 
placement osteotomy. 

Follow-up ranged from a minimum of three months up 
to 73 months (average, 9.8 months). The average patient 
age was 72 years. 

Unless otherwise noted, differences cited between 
groups are statistically significant by the chi-square test. 


RESULTS 
Stable Versus Unstable Fractures 


Unstable fractures had more complications of fixation 
than stable ones. One hundred three stable fractures had 
complications of fixation in 18% while 141 unstable frac- 
tures had complications of fixation in 25%. The rate of 
complications of fixation in so-called stable fractures was 
higher than reported elsewhere.? This emphasizes that 
stability is a relative matter, depending on many factors 
and not simply the number of fragments in the fracture. 
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Fig 1.—Osteoporosis grading system of Singh et al.* Grade VI, 
Ward triangle contains trabeculae; grade V, Ward triangle clear of 
trabeculae; grade IV, secondary trabeculae absent; grade IIl, break 
in continuity of principle tensile trabecula between greater trochan- 
ter and neck; grade II, only principle compression trabeculae stand 
out; grade |, even principle compression trabeculae are diminished 
and do not stand out. 


Reduction of the Fracture 


Accurate reduction of unstable fractures did not protect 
against complications of fixation. Some authors** have ad- 
vised anatomic alignment, especially of the medial cortex, 
as a necessary means of avoiding problems with the frac- 
ture, but such advice was not confirmed in this review. Un- 
stable fractures with exact anatomic reduction of the me- 
dial cortex on anteroposterior roentgenograms and the 
anterior cortex on lateral roentgenograms had 30% com- 
plications of fixation. Similar fractures with attempted 
but not exact anatomic reductions had a rate of 24%. The 
difference is not statistically significant. 

In stable fractures, anatomic reduction may be of more 
value. Although the difference was not significant, only 6% 
of stable fractures had complications if the reduction was 
anatomic, while without exact anatomic reduction, 18% 
had complications of fixation. 

Four fragment fractures appeared to have a degree of 
intrinsic instability beyond the surgeon’s control, while 
two fragment fractures may respond to the surgeon’s ef- 
forts to obtain anatomic reduction. 


Fixation Devices 


Comparing fixation devices, Pugh nails had the fewest 
complications of fixation, then Smith-Petersen nail-plate 
combinations, with Jewett nails showing the most compli- 
cations (Table). The number of Jewett nails used in this 
series was small (23 out of 244), so the surgeons may 
not have been as adept at using the nail as experienced 
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Fig 2.—Intertrochanteric fracture treated by medial displacement 
osteotomy. 


Comparison of Fixation Devices 


Rate of Complications of Fixation, % 


All Stable 
Fractures Fractures 


Unstable 
Fractures 


Type of Nail 
Pugh nail 15 
Smith-Petersen nail-plate 
Jewett nail 





surgeons who use Jewett nails almost exclusively. How- 
ever, Dimon and Hughston’ reported 75 unstable fractures 
treated with Jewett nails by experienced surgeons with 
complications of fixation in 51%. This lends strength to the 
suggestion that the Jewett nail itself may be responsible 
for a higher rate of complications of fixation when com- 
pared to Pugh nails or Smith-Petersen nail-plate combina- 
tions. 


Nail Penetration 


Penetration made up 65% of all complications of fix- 
ation. The risk of penetration of the nail tip through the 
femoral head or neck was related to the initial insertion 
distance of the nail. In unstable fractures, 39% penetrated 
if the nail was 10 mm or less from the subchondral cortex. 
Only 9% penetrated if the distance was 11°mm or more. In 
stable fractures, a distance of 5 mm or less.from nail to 
subchondral cortex was associated with penetration in 
67% but only 7% penetrated if the distance was 6 mm or 
more. 

Deeper insertion of the nail did not confer any protec- 
tion against development of varus at the fracture site. 
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Fig 3.—Progression of proximal fragment into varus. 


Fifty-one percent of unstable fractures (excluding medial 
displacement osteotomies) developed a distinct measur- 
able degree of varus and 22% of stable fractures went into 
varus. These percentages showed no correlation with the 
depth of nail penetration. No clinical consequences were 
identified as being related to the varus in this review. 

For optimal placement, the tip of the nail should be past 
Ward triangle (Fig 1) and into the portion of the femoral 
head where tension and compression trabeculae cross, but 
no closer to the subchondral cortex than 10 mm. 


Varus-Valgus Reductions 


In attempted anatomic reductions, the angle of the 
femoral neck was often measurably on either the varus or 
valgus side, and this varus-valgus configuration influ- 
enced stability. In all fractures, 45% of varus reductions 
had complications of fixation, 18% with no varus-valgus 
had complications of fixation, and only 8% of valgus reduc- 
tions had complications of fixation. Similar percentages 
pertain for unstable fractures (ranging from 44% compli- 
cations of fixation for varus reductions to 12% for valgus 
reductions) and stable fractures (50% complications of fix- 
ation for varus reductions and 0 for valgus reductions). 
When possible, intertrochanteric fractures should be re- 
duced in valgus as a means of lowering the rate of compli- 
cations of fixation.. 


Medial Displacement Osteotomy 


Because of the tendency toward varus and accom- 
panying complications of fixation, several authors?“ have 
supported modification of the fracture reduction as a 
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Fig 4.—Further progression of proximal fragment into excessive 
varus and penetration of nail. 


means of improving stability in unstable fractures. In me- 
dial displacement osteotomies, the proximal lateral cortex 
of the shaft fragment is osteotomized and the shaft dis- 
placed medially. The inferior-medial spike of femoral neek 
is inserted into the medullary canal of the shaft frag- 
ment. Although favorable results have been reported for 
this operation, this review did not confirm the favorable 
results. 

At the University of Arkansas, 40 surgically treated un- 
stable fractures were reviewed. Nineteen of these frac- 
tures had attempted anatomic reductions with complica- 
tions of fixation in 21%. Twenty-one fractures had medial 
displacement osteotomies with complications of fixation in 
24%. The difference was not significant. 

Treatment mode was chosen on the basis of surgeon’s 
preference rather than anticipated fixation problems since 
there were no preexisting criteria for identifying which 
unstable fractures were more likely to have complications 
of fixation. Because disruption of the medial cortex has 
been regarded as the major factor in creating “instabil- 
ity,” the length of the lesser trochanteric fragment was 
measured to correlate with complications of fixation in at- 
tempted anatomic reductions. No correlation was found. 

Figures 2 through 4 illustrate that medial displacement 
osteotomy does not completely overcome the tendency of 
the fracture to go into varus. 

The 21 fractures treated by medial displacement os- 
teotomy had an infection rate of 19%, while the overall in- 
fection rate in fractures treated by attempted anatomic 
reduction was 5%. This high infection rate for medial dis- 
placement osteotomies may reflect inexperienced resi- 
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dents performing a somewhat longer and more difficult 
procedure. The infection rate can undoubtedly be lowered 
in experienced hands, but these infection rates tend to 
emphasize that medial displacement osteotomy is a more 


‘complex procedure than attempted anatomic reduction. 
Medial displacement ‚osteotomy also makes the limb sub- 


ject to shortening,’° external rotation deformity,’ and di- 
minished functional capacity.’ 


Osteoporosis and Instability 


The more osteoporotic the bone, the more unstable the 
fracture. Using the rate of complications of fixation as a 
measure of instability and the six-grade system of tra- 


becular patterns of Singh et al‘ as a measure of os- 








teoporosis, a positive relationship was identified between 
osteoporosis and instability: grade I, 75% complications of 
fixation; grade II, 33%; grade III, 18%; grade IV, 10%; 
grade V, 10%; grade VI, 16%. This grading system was ap- 
plied te the contralateral unfractured proximal femur 
(Fig 1). 

Grades IV, V, and VI did not behave very differently 
from one another in regard to their propensity for devel- 


oping complications of fixation. Grades III and lower 


showed a substantially increasing tendency to develop 
complications, however. For purposes of predicting the 
risk of complications of fixation, the division between 
grades IV or above and grades III or below is useful. In 
unstable fractures, 33% of fractures graded III or lower 
had complications of fixation, while 15% of those graded 
IV or higher had such complications. In stable fractures, 
15% graded III or lower and 2% graded IV or higher 
showed complications of fixation. These figures emphasize 


= the multifactorial contributions to instability as “un- 


stable” fractures (graded IV or above) have the same rate 
of complications of fixation as “stable” fractures that are 
relatively osteoporotic (graded III or below). 


Clinical Importance of Complications of Fixation 


Complications of fixation do not necessarily translate 
into important clinical problems. The influence of compli- 
cations of fixation was measured in terms of altered walk- 
ing capacity, secondary surgery, and residual hip pain. 
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Walking capacity was not substantially influenced by 
complications of fixation. Secondary surgery was done in 
29% with complications of fixation and in 9% without com- 
plications of fixation. Residual hip pain was found in 39% 
of patients with complications of fixation and 6% of those 
without such complications. Fifty-three percent with nail 
penetrations complained of hip pain. 

Although complications of fixation led to significantly 
higher rates of secondary surgery and hip pain (P <.005), 
the majority of patients with complications of fixation 
(71%) did not require more surgery and the majority (61%) 
did not have residual hip pain. 

The surgeon’s desire to treat the fracture well should 
not obscure the primary goal: stabilizing the fracture at 
the least risk so the patient can be mobilized and escape 
the complications of recumbency. Often this goal is 
reached even when surgical fixation of the fracture itself 
is less than perfect. The effort to obtain a better technical 
result should not be paid for with a substantial increase in 
the overall risk to the patient. 


Figure 1 is reproduced from Mayo Clinic Proceedings (48:184-189, 1973). 


References 


1. Laros GS, Moore JF: Complications of fixation in inter- 
trochanteric fractures. Clin Orthop 101:110-119, 1974. 

2. Dimon JH, Hughston JC: Unstable intertrochanteric frac- 
tures of the hip. J Bone Joint Surg 49-A:440-450, 1967. 

3. Johnson LL, Lottes JO, Arnot JP: The utilization of the Holt 
nail for proximal femoral fractures. J Bone Joint Surg 50-A:67-78, 
1968. 

4. Sarmiento A: Avoidance of complications of internal fixation 
of intertrochanteric fractures. Clin Orthop 53:47-59, 1967. 

5. Aufranc OE, Jones WN, Turner RH: Severely comminuted 
intertrochanteric hip fracture. JAMA 1199:994-997, 1967. 

6. Conrad JL: Medial displacement fixation of unstable inter- 
ih. peck fractures of the hip. Bull Hosp Joint Dis 32:54-62, 
1 


7. Roberts A, Rooney T, Loupe J, et al: A comparison of the 
functional results of anatomic and medial displacement valgus 
nailing of intertrochanteric fractures of the femur. J Trawma 
12:341-346, 1972. > 

8. Ay: + M, Nagrath AR, Maini PS: Changes in trabecular pat- 
tern of the femur as an index of osteoporosis. J Bone Joint Surg 
52-A:457-467, 1970. 


Intertrochanteric Fractures/Laros. , 


‘ 


Subtrochanteric Fractures of the Femur 


Marvin L. Shelton, MD 


Subtrochanteric fractures of the femur comprise only 5% to 7% of 
hip fractures, but are important because of the difficulty in manage- 
ment. They combine the problem of instability to varus deformation 
common to comminuted intertrochanteric fractures and the problem 
of delayed union common to diaphysial fractures of the femur. While 
the benefits of open reduction and internal fixation in decreasing 
morbidity and mortality have been well established, formidable oper- 
ative complications have occurred when this fracture is treated like 
an intertrochanteric fracture. Improved results have been obtained 
by utilizing a fixation device that can control the intertrochanteric in- 
stability and that has sufficient strength to withstand deforming 
forces that may be present for up to a year while the fracture is unit- 
ing. Bone grafting has been found very useful in shortening the 
overall period of healing. 
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ceteris fracture of the femur has received con- 
siderable attention in the surgical literature in the 
past two decades. It represents 5% to 7% of fractures 
about the hip but, unlike subcapital fracture, shows no 
predilection for females. Prior to the early 1950s, when 
open treatment for fractures of the hip and femoral shaft 
came into wide acceptance, the problems encountered 
with closed management of this fracture were well recog- 
nized. Uncontrolled flexion, abduction, and external rota- 
tion of the proximal fragment made alignment with trac- 
tion or plaster difficult and uncertain. Comminution, 
especially of the medial cortex, made varus deformity, 
shortening, and delayed union the rule rather than the ex- 
ception. A significant contribution was made by Russell 
Hibbs as a young resident, when he presented a treatise 
before the Academy of Medicine in New York describing 
the principle of bringing the distal fragment into align- 
ment with the proximal fragment to achieve reduction. 
This effort merited a gold medal. Despite meticulous at- 
tention to traction details, however, all of the problems 
could not be solved, and, frequently, interposed tissue 
proved an absolute barrier to union. 

As a natural evolution, beginning in the early 1950s, a 
greater number of surgeons undertook to treat this frac- 
ture by open reduction and internal fixation. Unfortu- 
nately, it was not long before reports appeared indicating 
a substantial percentage of mechanical failures requiring 
reoperation. At the same time, several detailed studies on 
the results of operative treatment of intertrochanteric 
fractures were published that identified certain fracture 
types as being unstable after reduction and fixation with 
the usual blade plate devices. These reports increased our 
appreciation of the complex biomechanical forces oper- 
ating around the hip joint and the upper part of the fem- 
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Fig 1.—Boyd and Griffin’ classi- 
fication of trochanteric fractures. 





oral shaft. As a result, within the last five years, impor- 
tant advances have been made in the management of this 
fracture and these have resulted in an overall improve- 
ment in the end results. Nevertheless, a number of prob- 
lems remain to be solved. 


CLASSIFICATION 


Fractures of the femur that occur in the 7.6-cm zone be- 
tween the level of the top of the lesser trochanter and 5 
cm below the lesser trochanter are commonly referred to 
as subtrochanteric fractures. While many are simple, rela- 
tively transversely oriented, and easy to describe anatom- 
ically, other fractures are comminuted with major compo- 
nents extending obliquely upward toward the greater 
trochanter and down into the upper third of the femur. 
This latter type of fracture has been classified inconsist- 
ently, appearing in some reports as pertrochanteric or as a 
shaft fracture rather than a subtrochanteric fracture. 

The classificiation proposed by Boyd and Griffin' origi- 
naily in 1949 has been useful because of the great fre- 
quency with which the mixed type of fracture occurs. 
Types 1 and 2 are pure intertrochanteric fractures, type 3 
is pure subtrochanteric, and type 4 is subtrochanteric but 
extends up into the trochanteric area and down into the 
upper part of the femoral shaft (Fig 1). 
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Watson et al,’ in their 1964 study of 100 subtrochanteric 


fractures, classified their patients by fracture cause and Y” 


described the fractures numerically by a rather compli- 


cated system. Their method required accurate measure- 
ments that are often difficult on poor quality x-ray films. 


The authors did not relate the classification to the method » 


of treatment or to the results. 

Fielding and Magliato,’ in 1966, proposed a simple 
classification in which three 2.5-em segments were made 
by a series of four transverse lines beginning at the top of 
the lesser trochanter (Fig 2). They believed that this 2.5- 
cm zone was an area of stress concentration, based on the 
work of Koch.‘ It seems that the bone would fracture more 
commonly where there is an area of stress concentration. 
Since intertrochanteric fractures are far more common 
than subtrochanteric fractures, this concept is open to 
question. Their report indicated that they could predict 
the result of treatment to a large degree based on this 
classification, noting that the incidence of nonunion in- 
creased strikingly between type 1 and type 3 fractures. 
They recognized the difficulty in applying this classifica- 
tion to oblique and comminuted fractures. The typing of 
comminuted fractures is somewhat arbitrary and variable 
among different observers. 


ANATOMY AND BIOMECHANICS 


The femur has been studied extensively from the ana- 
tomical, mechanical, and biomechanical viewpoints. Nils 
Rydell’ summarized many important observations in a re- 
cent review. He stressed that the hip resembles a ball-and- 
socket type joint but is more complex due to the limited 
contact area. The neck in cross section changed in shape 
from cylindrical near the head to elliptical near the base, 
with a gradual increase in cortical thickness. The elliptical 
shape developed after birth under load bearing, and the 
cortical thickening is much more marked along the infe- 
rior or medial cortex. The angles formed by the femoral 
neck and shaft are crucial to analysis of the forces acting 
on the upper part of the femur. Backman‘ described them 
in 1957 as illustrated in Fig 3. The important axes, planes, 
and angles seem to be (1) the cervical axis OHC; (2) the 
ideal axis AOK; (3) the frontal plane of the femur AOKD; 
(4) the anteversion plane AOKC; (5) the antetorsion angle 
T, between planes AOKB and AOKC; (6) the cervical 
diaphysial angle between OHC and OD; (7) angle A, 
formed by ADK and AOK (the axis OKD, similar to the 
femur, forms a ventroconvex curve that is unsatisfactory 
for geometrical calculations, so the ideal axis AOK is used 
in most instances); and (8) the principal plane, which is 
laid through the head and neck coincident with the cervi- 
cal axis and the major axis of the section area. This last 
plane intercepts the femoral shaft medjally and distally 
just anterior to the lesser trochanter. It forms an angle 


with the cervical diaphysial plane of 25° and with the an- . 


tetorsion plane of 15°. These angles and planes have been 
interpreted mechanically in several studies. The cervical 


diaphysial angle is about 150° at birth and, if subjected to „ 


normal loading, will decrease to about 130° in adults. Like- 


wise, paresis of the abductor muscles causes the center of - 
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gravity to shift over the head of the femur in gait, making 
the load on the femur more vertical. The femoral neck de- 
velops in a valgus position under these circumstances. 

The ventral deviation of the neck begins early in fetal 
life and increases until delivery, probably depending on 
torsion of the upper part of the femur. It amounts to 35° 
at birth and decreases to around 14° at the completion of 
bony growth. Most of this decrease occurs before the age 
of 8 years. 

The measurement and calculation of the forces acting 
on the upper part of the femur and femoral head have 
brought to light several important facts. Rydell’ inserted 
a prosthetic device provided with strain gauges in the 
femoral head to measure forces acting in the hip. He 
found that standing on one leg created a force about the 
hip joint of about 2% times body weight. The direction of 
the force was parallel to the principal plane and to the tra- 
becular system of the femoral head. With walking, the 
force on the hip during the stance phase was relatively 
low because the body rolled over the femoral head and the 
abductors did not have to work. During the swing phase, 
the force was larger than expected because of the muscu- 
lar activity required to accelerate and decelerate the leg. 
While running, forces of 4⁄2 to five times body weight 
were recorded. Walking upstairs increased the load on the 
hip to about three times body weight, while walking 
downstairs loaded the hip about the same or less than 
level walking (slightly more than body weight). When the 
leg was completely off the floor, the force on that hip was 
one half times body weight, but flexion to 90° at the hip 
and knee increased the force to almost body weight. 

In bed, straight leg raising gave a force of 1 times 
body weight in the other hip. Standing on one leg with a 
cane in the opposite hand reduced the force to slightly 
more than body weight. Sitting put very little force on the 
hip. Rydell concluded that it was difficult to reduce the 
load on the hip and the most effective method was a cane 
in the opposite hand. 


INCIDENCE 


Subtrochanteric fractures have a reported incidence of 
between 5% and 29% of trochanteric fractures.'-* Authors 
reporting the lower incidences generally exclude fractures 
with comminution extending up into the trochanteric area 
and down the shaft. Boyd and Anderson’ found that 12% 
of type 1 and 2 intertrochanteric fractures were converted 
to type 3 subtrochanteric fractures by intraoperative frac- 
ture around the nail hole. 

Subtrochanteric fractures occur in all age groups. In the 
elderly, they generally are related to natural thinning of 
the bone in the upper part of the femur; in the young, they 
are primarily due to violent trauma; and they occur at any 
age when a disease state weakens bone structure, ie, ma- 
lignant neoplasms, osteomalacia, Paget disease, fibrous 
dysplasis. While females predominate in the incidence of 
subcapital fractures, they show no predominance in inter- 
trochanteric fractures. In the experience at Harlem Hos- 
pital Center, where violent trauma is the most common 


` cause, males predominate (68%). 
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Fig 2.—Fielding and Magliato® clas- 
sification of subtrochanteric fractures. 





TREATMENT 


The question of the method of treatment of choice for 
this injury is not an easy one, partly because there are no 
recent references to results of nonoperative treatment of 
subtrochanteric fractures. It is a fair assumption that the 
mortality is basically the same for subtrochanteric frac- 
tures and intertrochanteric fractures occurring in pa- 
tients of comparable age. The reported mortality for non- 
operatively treated intertrochanteric fractures ranged 
from 3% to 66%.*""* Most reports of surgically treated pa- 
tients indicate a mortality of approximately 20%.?*"*-" 
Unless there is some bias favoring the operative cases, 
viz, being the better risk patients, this would tend to 
favor open treatment. While open treatment usually will 
shorten hospitalization, it seems unwise to use a shortened 
hospital stay and early ambulation as the sole grounds for 
advising operative treatment. John Charnley,’® long an 
advocate of closed treatment for most fractures, has con- 
ceded that the operative treatment of intertrochanteric 
fractures is superior to closed management. Most authors 
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Fig 3.—Critical angles and planes of up- 
per part of femur. (Adapted from Backman.) 





who have studied the mortality after hip fracture believe 
that the overall mortality is related more to the general 
health, both physical and mental, of the patient and to the 
skill and adequacy of nursing and supportive medical care, 
than it is to whether operative or nonoperative treatment 
is rendered. Fitts et al” have shown that the survival rate 
for a patient with an intertrochanteric fracture is the 
same as for the general population six months after in- 
jury. One cannot dismiss closed treatment lightly, partic- 
ularly in view of reports by Horn and Wang” from Peking 
who treated 170 patients with intertrochanteric fractures 
in traction with a 5.8% mortality with no reported inci- 
dence of pneumonia, decubitus ulcers, or pulmonary em- 


boli and no nonunions. 


On the other hand, we were naturally impressed by 
work of men such as Sevitt'*’ in England, who examined 
154 patients with femoral neck fractures and found 27% 
had clinically detectable venous thrombosis and 7.9% de- 
veloped fatal pulmonary emboli. This certainly suggests 
that pulmonary embolism is a substantial risk for a pa- 
tient immobilized for a subtrochanteric fracture. Pre- 
vention ef pulmonary embolism after hip surgery can be 
effected by administration of antithrombotic agents." 


Yet, if one then considers the problems of prophylactic an- 


ticoagulation, particularly the interference with fracture 
healing and the prolonged hospitalization, especially in 
crowded urban centers where beds are in short supply and 
hospital charges astronomically high, then operative 
treatment does seem to be more advantageous. 

It is clear, however, that operative treatment should 
only be carried out in patients who are carefully evaluated 
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and managed preoperatively and postoperatively. The 
brittleness of the elderly patient is generally appreciated; 
however, the unwary surgeon may underrate the risks in- 
volved by failing to appreciate the magnitude of the 
trauma in the younger patient with a subtrochanteric 
fracture. Control of hypovolemia and its sequels and rec- 
ognition of associated injuries are essential to avoid post- 
operative complications. The operative procedure must 
also provide sufficient fixation to allow early range of hip 
and knee joint motion, permit ambulation with support, 
and carry with it a low risk of infection and death. The re- 
ported mortality after operative treatment of subtro- 
chanteric fractures varies between 10% and 30% with an 
average of 20% and serves as a reminder that these are se- 
rious injuries.’ It is quite sobering that these figures 
have not changed during the past 15 years despite im- 
provements in the methods of fixation. 


SUBTROCHANTERIC FRACTURES IN CHILDREN 
Plaster Immobilization 


Plaster immobilization is the treatment of choice in in- 
fancy and can be used successfully for undisplaced, stable 
fractures in the older child and young adult. The major 
drawbacks of this treatment are fracture deformity and 
prolonged hospitalization. Flexion, abduction, and slight 
external rotation of the involved thigh may help prevent 
deformity during the healing phase. A 3.8-cm hip spica 
should be used to control the pelvis. 


Skeletal Traction 


This method is frequently used and is the treatment of 
choice for displaced fractures in childhood. The main prob- 
lems are flexion, abduction, and external rotation of the 
proximal fragment, so the leg should be positioned with 
the hip and knee joint in 90° of flexion (90-90 position), 
with the traction pin placed through the distal part of the 
femur rather than the upper part of the tibia to prevent 
anterior subluxation of the knee. In the 90-90 position the 
iliopsoas is relaxed, diminishing the external rotation 
forces so that neutral rotation is usually satisfactory for 
reduction and alignment. The period of immobilization is 
quite variable. Some of the important factors concerning 
the rate of healing are the age of the patient, the level of 
the fracture, and whether anticoagulants are used. Frac- 
tures that are basically diaphysial in location usually will 
take longer and traction must be maintained in order to 
prevent deformity. Also, the accuracy of reduction must 
be greater in adults than in children and in diaphysial 
fractures than those more proximal because of the poor 
blood supply in the former instances. Anteroposterior and 
lateral roentgenograms are essential to evaluate the posi- 
tion of the fragments and progress of union. I have not 
seen a subtrochanteric fracture unite in traction in a pa- 
tient receiving anticoagulants. 


OPERATIVE TREATMENT 


Open reduction and internal fixation is the most fre- 
quently employed method of treatment in this country. 
Most authors indicate inability to control the fracture de- 
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formity, the threat.of delayed union, and prolonged bed 


‘rest and hospitalization as reasons for preferring open 


over closed treatment. Nail plate devices are most com- 
monly employed. Many surgeons did not appreciate the 
special problems of the subtrochanteric fracture until the 
report by Boyd and Anderson in 1961.’ In analyzing 100 
fractures of the hip, they found that 20% were type 3, 9% 
were type 4, and 12% of the types 1 and 2 were converted 
to type 3 during the open reduction and internal fixation. 
Twenty-six percent of their subtrochanteric fractures 
needed supplemental fixation such as buttress plates, 
screws, and circumferential wire bands. The high failure 
rate of open treatment has been further documented by 
the reports of Watson et al,’ Aronsson, and, most re- 
cently, by Fielding and Magliato’ who found the union 
rate in 46 fractures studied ranged from 90% in type 1 
fractures to 66% in type 2 and 43% in type 2 subtrochan- 
teric fractures. All of these fractures were treated by Jew- 
ett nails with supplementation by anterior plates, can- 
cellous screws, and primary bone grafting. As a group, 
26% required additional surgery to obtain bony union. 

Watson et al? reported on 100 subtrochanteric fractures 
and found 19 failures, mostly due to mechanical causes 
such as bending and breaking of the nail and plate or me- 
dial moderation of the shaft with penetration of nail 
through the head. 

Following these reports, stronger nails were introduced 
for fixation of these fractures in an attempt to overcome 
this cause of failure. Typical of these was the Holt nail” 
reported in 1963, which can withstand static loads of 452 
kg. Despite the increased metal strength, failures contin- 
ued to be reported due to cyclic loading and metal fatigue. 
It is interesting that most of these failures occurred be- 
tween three and 12 months after fixation at a time when 
most intertrochanteric fractures have healed. This points 
out the basic difference between intertrochanteric and 
subtrochanteric fractures, namely, a slower rate of heal- 
ing of the subtrochanteric fracture rather than any sub- 
stantial difference in the nature or magnitude of the 
forces operating at the fracture site. It became increas- 
ingly clear that diminishing the cyclic loading and in- 
creasing the rate of union would be necessary to eliminate 
these failures. Most authors have recommended achieving 
a more stable reduction to allow the fracture to support it- 
self rather than having the entire strain on the metallic 
fixation device as the most rational solution to this prob- 
lem. 

Similar fixation failures have been reported after open 
treatment of unstable intertrochanteric fractures, and 
several solutions have been suggested for this problem. 
Among the more widely accepted concepts is that of Sar- 
miento,” which proposes that the reduction of the medial 
cortex is the key to fracture stability. He recommends an 
oblique osteotomy of the femoral shaft just below the 
lesser trochanter, an anatomical reduction of the medial 
cortices, and fixation with a 130° nail inserted at 90° into 
the neck of the femur to obtain a valgus reduction of the 
head and a more horizontal fracture line. This exact rela- 


` tionship is difficult to obtain surgically and several of the 
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Fig 4.—Unstable intertrochanteric fractures according 
to Dimon and Hughston*: (1) head fragment, (2) shaft, 
(3) lesser trochanter and portion of calcar, (4) posterior 


fragment including portion of greater trochanter. 


cases he illustrated showed some medial displacement of 


the shaft. One must be careful that the osteotomy does not 
result in excessive neck valgus because this will be as- — 


a. 


at 


” 


sociated with a corresponding genu valgum deformity and _ 


may cause avascular necrosis of the femoral head. 


Dimon and Hughston” believe that comminution is re- ii 
sponsible for unstable reductions, particularly when there N 
is a lesser trochanteric fragment that includes a substan- “4 
tial portion of the medial cortex and a greater trochanter 
fragment that includes a substantial posterior fragment — 


(Fig 4). They recommend performing a transverse 0S- a 


teotomy at the level of the lesser trochanter and placing 





the medial spike of neck into the distal shaft. They also ‘ae 


obtain a valgus reduction using a 150° Jewett nail and 


plate and stress contact between fragments medially to — 
prevent collapse and metal failure. They expect 1.3- to 1.9- — 


em shortening. Too much medial displacement may be a 
problem and lead to delayed union and plate breakage. 


Certain subtrochanteric fractures, ie, Boyd type 4 and t h 
Fielding type 1, have intertrochanteric components and Sag 


tend to collapse into varus and bend the nail or penetrate 
the head. These solutions are helpful in their management 
but fail to adequately fix the fracture lines below the 


lesser trochanter. Even extra strong and extra long side 


plates tend to bend or break prior to fracture consoli- — 


dation. None of the nail plates manufactured in this coun- 
try are recommended by the manufacturers for subtro- 
chanteric fractures. 


The Swiss Association for the Study of Internal Fix- — 
ation (ASIF) technique, which requires anatomical reduc- — 
tion or primary bone grafting and interfragmentary or — 


longitudinal compression of each fracture fragment, has 


considerable appeal and is favored by many surgeons, but _ 
to me it seems ill suited for comminuted subtrochanteric _ 


fractures. Even when one is clever enough to reassemble 
the fragments, the weakness of the side plate and its sus- 
ceptibility to failure due to cyclic loading is disturbing. An 
alarming rate of failure has been noted when single-plate 
fixation has been used in fractures with the middle third 
of the femur, and I would anticipate that this would occur 
also with subtrochanteric fractures of the femur, partic- 
ularly if early weight bearing is instituted. Successes that 
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Fig 5.—A 45-year-old man with Boyd 3 and Fielding 3 subtrochan- 
teric fractures three months after Zickel nailing with supplemental 


Parham bands; full weight bearing. 





Fig 7.—Left, A 44-year-old woman with Boyd 4 and Fielding 3 sub- 
trochanteric fracture. Note flexed, abducted position of proximal 
fragment and medial position of lateral butterfly fragment; early 


weight bearing allowed. Right, At three months, when Parham 
bands were removed, there was clinical union. 


Results of 37 Adult Subtrochanteric Fractures of the 
Femur Treated at Harlem Hospital Center, 
1967 to 1973* 


Method of Treatment 
Zickel nail 


Primary Union Nonunion 


0 


Zickel nail with supplemental 
fixation 
Nail plate 
. Schneider nail 
Kuntscher nail 
Rush pins 
Nonoperative 





* Includes 24 males and 13 females; average age, 53 years. There 
were four open reductions and three deaths. 
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Fig 6.—A 45-year-old man with Boyd 4 subtrochanteric fracture 
immediately after nail plate fixation (left) and six months later 
(right) when plate broke despite crutch-protected ambulation. Frac- 


ture went on to heal without reoperation. 








Fig 8.—A 34-year-old man with Boyd 3 and Fielding 3 subtro- 
chanteric fracture at time of injury (left) and three months post- 
injury (right); weight bearing with crutches. 


Fig 9.—Ninety-ninety distal femoral traction for controlling flexed, 
abducted, and externally rotated proximal fragment. 
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have been reported with this technique are probably at- 
tributable to the relatively rapid union that is possible 
when the fracture line is reduced to minimum width by 
compression. 


intramedullary Nail Fixation 


Intramedullary nailing has been recommended for many 
years for the transverse femoral fractures between 5 and 
7.6 em below the lesser trochanter. These fractures at the 
isthmus of the femur are usually rigidly fixed by an in- 
tramedullary nail of proper size. Banks and Davis,” Auf- 
ranc,” and Aronoff et al were among the early reporters 
describing the superior results after intramedullary nail- 
ing of subtrochanteric fractures. They expanded the indi- 
cations somewhat to include certain comminuted fractures 
and those located a little closer to the lesser trochanter. 
Watson et al? and Fielding™ have also cited the usefulness 
of intramedullary nail fixation for certain subtrochanteric 
fractures. Many surgeons, however, are justifiably reluc- 
tant to attempt nailing of a comminuted subtrochanteric 
fracture. 

Zickel,” in 1967, reported on a new fixation device that 
combined the principles of intramedullary fixation of the 
femoral shaft with nail fixation in the neck to obtain bet- 
ter control of the proximal fragment. Credit for the origi- 
nal idea should probably be given to Kiintscher, who re- 
ported a series of 100 pertrochanteric fractures treated 
with a Y nail in 1940.25 The Zickel device is contoured to 
achieve a valgus reduction and maintain apposition of the 
medial cortex. The expanded upper end of the intramedul- 
lary nail is perforated to accept a triflanged crossbar in- 
serted through the intramedullary nail and into the fem- 
oral neck. This provides superb control of the proximal 
part of the fragment. The intramedullary nail is also 
curved anteriorly to obtain three-point fixation in the 
shaft. This device lends itself well to supplemental inter- 
nal fixation with circumferential wire bands or Parham 
bands and does not require supplemental external plaster 
support (Fig 5). It appears to be particularly useful in con- 
junction with methyl methacrylate for pathological frac- 
tures” and after resection of bone tumors in the subtro- 
chanteric area. Zickel’s personal series is now more than 
67 cases, with only one instance of metal breakage and 
failure of union. 

There are many hazards in performing this type of sur- 
gery that are inherent to any intramedullary nailing. No- 
table among these are exploding the shaft during inser- 
tion of the nail and exposure of the medullary canal to 
extensive infection should this occur postoperatively. 


CURRENT TREATMENT AT HARLEM HOSPITAL CENTER 


At Harlem Hospital Center between 1964 and 1970 we 
employed nail fate fixation for Boyd type 4 and Fielding 
type 1 and 2*fractures. We noted metal failure with the 
blade plate when we did not obtain a stable relationship 
between the medial cortex of the shaft and the interior 
neck of the proximal part of the fragment (Fig 6). Placing 
the fracture line under compression by tilting the head 


' and neck into a valgus position, with or without os- 


e. 
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Fig 10.—A 62-year-old woman with comminuted segmental sub- 
trochanteric and femoral fracture. Extensive soft tissue avulsion of 
popliteal fossa prevented open reduction (left). Treated with long 
leg cast and tibial traction 20 hours per day and with weight bearing 
for four hours per day. Clinical union at 12 weeks (top right) and 
solid union with full weight bearing at 20 weeks (bottom right). 


teotomy, improved our rate of successful unions, but we 
were unable to allow early ambulation or weight bearing 
because of fear of hardware failure. 

Since 1967, we have favored the Zickel nail usually sup- 
plemented by circlage Parham bands for Boyd type 3 and 
Fielding type 3 fractures (Fig 7). We have used it also for 
Boyd type 4 and Fielding type 1 and 2 fractures since 
1970. In several instances, intramedullary nailing using 
the Schneider device without the crossbar has been ade- 
quate (Fig 8). This is especially true of spiral fractures at 
the isthmus of the femur. We found that the routine use 
of primary iliac bone graft to replace any defects in the 
cortical tube to be helpful in achieving rapid union of 
these fractures. Fracture healing is still a race between 
union of the fracture and failure of the hardware. The pa- 
tients have been kept on crutches until the fracture healed 
and the Parham bands have been routinely removed after 
three months to prevent ring sequestra formation. They 
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loose ‘at that time, so we did not believe we 
ionf Our experiences are summarized in the 






lost any fi 


We have treated children with skeletal traction. If the 
lesser trochanter is intact and the fracture line is proxi- 
mal to the gluteus maximus insertion into the distal part 
of the fragment, the proximal part of the fragment gen- 
erally flexed, abducted, and externally rotated. We place 
the leg and thigh in a 90-90 position using femoral trac- 
tion to avoid injury and subluxation of the knee (Fig 9). 


_ Other types of subtrochanteric fractures not exhibiting 


this particular pattern of displacement initially have been 
treated with conventional tibial tubercle traction and bal- 


SM anced suspension. Overriding of at least 1 em should be al- 
= lowed in the children under 11 years because considerable 


stimulation of growth in the ipsilateral femur and tibia 
usually occurs. 

Recently, following an unpublished report by E. Dehne, 
MD, and B. Follette, MD, we managed an adult woman 
with skeletal traction by incorporating a tibial pin in a 
snug long leg cast and allowing her to ambulate four 
hours a day weight bearing on the fractured extremity. 
Union was achieved in 12 weeks and adequate reduction 
maintained. We believe that this method is useful for 
Fielding type 3 fractures (Fig 10), especially when open 
reduction and internal fixation are not feasible. Fracture 
bracing, in my opinion, will be used more and more fre- 
quently in the future. With it, we can achieve most of the 
goals of surgery without the many risks of an invasive 
procedure. 
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For optimal preoperative skin degerming — BETADINE Surgical Scrub. Chosen 
by NASA for Apollo 11/12/14 splashdowns, BETADINE Surgical Scrub provides 
a golden microbicidal lather for prepping the operative site... kills both gram- 
positive and gram-negative bacteria (including antibiotic-resistant strains), fungi, 
viruses, protozoa and yeasts... promptly achieves full microbicidal effect with 
each usage. (In the rare instance of local irritation or sensitivity, discontinue use 
in the individual.) 


To enhance antisepsis —BETADINE Solution or BETADINE Aerosol Spray. After 
initial prepping with BETADINE Surgical Scrub, paint the operative area with 
BETADINE Solution (chosen by NASA for the Skylab mission), or spray with 
BETADINE Aerosol Spray...both are fully microbicidal and film-forming... 
maintain microbicidal activity in the presence of blood, pus and serum...treated 
area may be bandaged, taped or covered by a cast. 


To help maintain postoperative antisepsis— Reapply BETADINE Solution or 
BETADINE Aerosol Spray after suturing and during redressing. BETADINE 
microbicides are virtually nonirritating and do not stain skin and natural fabrics. 


PHOTOGRAPH: SKYLAB IN IONAL AERONAUTIC AND PACE ADMINISTRATION. 
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Help allay the 


Excessive Anxiety 


that may heighten 


Postop Pain 





Vistaril I.M. (hydroxyzine HCl). Ithelps allay significant depressant effects o) 

the excessive anxiety that can heighten the circulatory function and often r 

patient’s perception of pain, and helps assure operative emesis. 

calm and cooperative patients. Vistaril I.M. It is physically compatible y nost 

also helps minimize secondary postoperative commonly used analgesics, and car be mixed 

complaints, and often relieves postoperative with them in the same syringe. 

confusion. Alone, or as an adjunct for use in the man- 
Vistaril I.M. may enhance the effect of agement of postoperative pain, the maximum 

injectable analgesics, such as meperidine, recommended dosage of Vistaril I.M. is 100 mg. 

While the analgesic dosage needed will usually 


JFT uge be reduced, the actual dosage of Vistaril I.M. 
: ta i should be titrated against the individual patient’s 
fi f a clinical response. 
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(hydroxyzine HCI) 


100 mg./2 ml., 50 mg./ml. and 25 mg./ml. LABORATORIES DIVISION 
Vials and Isojects" PFIZER INC 
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Brief Summary 

VISTARIL® (hydroxyzine hydrochloride) Intramuscular Solution 

For Intramuscular Use Only 

Contraindications: Hypersensitivity to hydroxyzine. The solution for 
intramuscular use must not be injected subcutaneously, intra-arterially, 
or intravenously. 

Hydroxyzine, when administered to the pregnant mouse, rat, and 
rabbit, induced fetal abnormalities in the rat at doses substantially above 
the human therapeutic range. Clinical data in human beings are 
inadequate. Until adequate data are available to establish safety in early 
pregnancy, hydroxyzine is contraindicated during this period. 
Precautions: Hycroxyzine may potentiate the action of central nervous 
system depressants such as narcotics and barbiturates. In conjunctive 
use, dosage for these drugs should be decreased as much as 50%. 
Because drowsiness may occur, patients should be cautioned against 
driving a car or operating dangerous machinery. The usual precautions 
for intramuscular injection should be followed; soft-tissue reactions 
have rarely been reported when proper technique has been used. 
Hydroxyzine intramuscular solution should be injected well within the 
body of a relatively large muscles In adults, the preferred sites are the 
upper outer quadrant of t tock (i.e., gluteus maximus), or the mid- 
lateral thigh. In children ee mid-lateral muscle of the thigh. 











In infants and small children, the upper outer quadrant of the gluteal 
region should only be used when necessary, as in burn patients, in order 
to minimize the possibility of damage to the sciatic nerve. The deltoid 
area should be used only if well developed, such as in certain adults and 
older children, and only with caution to avoid radial nerve injury. 
Injections should not be made in the lower and middle thirds of the 
upper arm. Aspiration is necessary to help avoid intravascular injection. 
Adverse Reactions: Drowsiness may occur; if so, it is usually transitory 
and may disappear in a few days of continued therapy or upon dosage 
reduction. Dryness of the mouth may occur wifh higher doses. Involun- 
tary motor activity, including rare instances of tremor and convulsions, 
has been reported, usually with higher than recommended dosage® 
Supply: Vistaril (nydroxyzine HCI) Intramuscular Solution: 25 mg./ml.— 
10 ml. vial; 50 mg./ml.—2 ml. and 10 ml. vial; Ilsoject®, 25 mg./ml. and 
50 mg./ml., 1 ml. fill; 100 mg./2 ml., 2 ml. fill. 

Military Depot: NSN 6505-00-052-1367 (50 mg./ml., 10 ml. vial) 

VA Depot: NSN 6505-00-052-1367B (50 mg./ml., 10 ml. vial) 
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Spasm and Operative Cholangio’ 


Operative cholangiography is a commonly employed adjunct to bil- 
iary operation and is useful in identifying unsuspected common duct 
calculi. Spasm of the sphincter of Oddi from administration of anes- 
thetic agents like fentanyl citrate (Sublimaze) and morphine sulfate 
and from operative manipulation may lead to misinterpretation of 
the cholangiograms and unnecessary surgical procedures that in- 
crease morbidity and mortality. Six case reports illustrate these haz- 
ards, and the influence of medications that exacerbate spasm of the 
sphincter of Oddi is emphasized. Recognition of the factors that 
cause spasm of the sphincter of Oddi will prevent unnecessary com- 
mon duct explorations and reduce morbidity and mortality in biliary 
tract operations. 


perative cholangiography is an accepted, integral part 
of biliary operation; it requires little operative time 
and involves minimal or no operative morbidity.'* Indica- 
tions for operative cholangiography are variable and de- 
pend largely on the surgeon’s experience and judgment. 
Routine operative cholangiography has been advocated in 
all cholecystectomies because of the incidence of unsus- 
pected common duct stones that ranges between 2% and 
4%.*-> Techniques include cystic duct cholangiograms, chol- 
angiograms via needles in the common bile duct, T-tube 
cholangiograms, and percutaneous transhepatic chol- 
angiograms.® Obstruction to passage of contrast medium 
into the duodenum may indicate the presence of an ob- 
structing stone or tumor at the ampulla of Vater, but 
other mechanisms may be operative as well—chiefly, 
spasm. 


For editorial comment see page 17. 


Administration of morphine sulfate and narcotic ana- 
logues, rapid injection of cold or irritating contrast me- 
dium, and manipulation of the sphincter of Oddi are all 
known to produce spasm with obstruction to the flow of 
bile into the duodenum.** Fentanyl citrate (Sublimaze), 
an analgesic, narcotic analogue commonly used during an- 
esthesia, can produce these changes and complicate inter- 
pretation of operative cholangiograms. The failure to rec- 
ognize the presence of spasm at the sphincter of Oddi and 
its common causes can lead to further unnecessary inter- 
vention with severe surgical morbidity. The following case 
reports illustrate this point. 

& 
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REPORT OF CASES 


Case 1.—A 29-year-old man had attacks of indigestion and epi-* 


gastric pain radiating to the right upper quadrant, exacerbated 


by fatty foods. There was no history of alcohol intake or pancere- 


atitis. Results of physical examination were normal with no evi- 
dence of jaundice. Laboratory data showed a bilirubin level of 0.8 
mg/100 ml, alkaline phosphatase level of 78 units. Oral cholecysto- 


gram showed two large and multiple small stones (Fig 1). At oper- 
ation, anesthetic agents used included fentanyl. The liver was nor- 


mal and the gallbladder contained stones and evidence of chronic 
cholecystitis. A cystic duct cholangiogram showed obstruction to 
the flow of dye at the terminal end of the common bile duct, 
thought to be caused by a stone (Fig 2). A second cholangiogram 


confirmed the original finding of obstruction, and the common bile _ | 


duct was explored. Stones were not found; catheters and a No. 3 
Bake dilator were passed into the duodenum and a T tube was in- 
serted. The gallbladder had been removed while the original chol- 
angiogram was being developed. The postoperative course was 
uneventful, and on the seventh postoperative day, a T-tube chol- 
angiogram demonstrated free flow of contrast material into the 
duodenum (Fig 3). 


Spasm of the sphincter of Oddi probably secondary to 
fentanyl administration was responsible for the roentgen- 
ographic obstruction, and the common bile duct explora- 
tion was unnecessary. 


Case 2.—A 67-year-old man complained of a three-year history 
of abdominal pain, radiating to the back and right upper quadrant 
and associated with nausea; it had become increasingly severe the 
two weeks prior to admission. Physical examination showed mild 
tenderness in the right subcostal area. Laboratory data showed a 
bilirubin level of 2.5 mg/100 ml, an alkaline phosphatase level of 
80 units, and a normal amylase level. Double-dose oral cholecysto- 
gram failed to visualize the gallbladder, and a series of x-ray 
films of the upper-gastrointestinal tract was normal. At operation, 
anesthetic agents used included fentanyl. A subacutely inflamed 
gallbladder was encountered and was removed from the fundus 
down. Palpation of the common bile duct showed two stones, and a 
cystic duct cholangiogram demonstrated defects in the duct, ob- 
struction to flow of contrast material into the duodenum, and a 
long cystic duct stump (Fig 4). The common bile duct was ex- 
plored; two stones were removed, and a T-tube cholangiogram 
showed no stones but obstruction to flow of contrast medium into 
the duodenum. Satisfied that the common bile duct exploration 
was thorough, the operation was terminated. A T-tube cholangio- 
gram on the ninth postoperative day was normal (Fig 5). 


Recognition of the effect of spasm on the sphincter of 
Oddi combined with thorough common bile duct explora- 
tion saved this patient reexploration of the common bile 
duct after insertion of the T tube. 


Case 3.—A 19-year-old woman noted the onset of right upper 
quadrant abdominal pain four days prior to admission, radiating 
to the right shoulder and interscapular area, and associated with 
nausea and vomiting. Physical examination showed an obese 
woman with tenderness in the right subcostal area. Laboratory 
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Fig 1.—Oral cholecystogram demonstrating functioning gallbladder with multiple ra- 
diolucent calculi (case 1). 


data showed a bilirubin level of 1.8 mg/100 ml, an alkaline 
phosphatase level of 182 units (normal, 72 units), and a normal 
amylase level. Oral cholecystogram failed to visualize the gallblad- 
der. At operation, fentanyl was one of the anesthetic agents used. 
A subacutely inflamed gallbladder was removed, common bile duct 
exploration removed calculi, and a No. 6 Bake dilator was passed 
into the duodenum. A T-tube cholangiogram showed no calculi and 
no flow into the duodenum (Fig 6). A second study performed with 
greatly increased pressure of injection through the T tube visual- 
ized the pancreatic duct and extravasated some contrast material, 
but failed to force contrast material into the duodenum (Fig 7). 
No calculi were seen. A duodenotomy and sphincterotomy were 
then performed, and no calculi were recovered. A long-armed T 
tube was placed into the duodenum, and the operation was termi- 
nated. 

Her postoperative course was stormy, complicated by pancre- 
atitis and pneumonia. On the first postoperative day, her amylase 
level rose to 1,150 Somogyi units and her lipase level rose to 1.5 
units; the third postoperative day, her amylase level fell to 300 
Somogyi units, but her lipase level rose to 2.0 units. By the sixth 
postoperative day, both her amylase and lipase levels were nor- 
mal, and her symptoms cleared. Her T tube was clamped on the 
eighth postoperative day and removed on the tenth postoperative 
day witheut incident. 

Spasm of the sphincter of Oddi was probably related to 
both fentanyl administration and operative manipulation 
during the common duct exploration. Failure to recognize 
this led to an unnecessary, improperly performed chol- 
angiogram. High-pressure injections can cause pancre- 
atic and hepatic damage, and are associated with as- 
cending cholangitis and pancreatitis. Administration of 
morphine can result in elevation of amylase and lipase 
levels for as long as 24 hours.‘ Duodenotomy and sphinc- 
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Fig 2.—Cystic duct cholangiogram prior to re- 
moval of gallbladder, demonstrating obstruc- 
tion to flow of dye into duodenum but no dilata- 
tion of common bile duct or radiolucent defects 
(case 1). Obstruction due to spasm. 


terotomy were unnecessary and no calculi were removed. 
The final error was placing a long tube through the 
sphincter of Oddi, a procedure that can cause pancreatitis. 


Case 4.—A 54-year-old man noted the occurrence of epigastric 
pain for one year, becoming more severe the five days prior to ad- 
mission. The pain was burning, radiated to the right side, and was 
not relieved by food or antacids. It was associated with nausea 
and vomiting. The patient denied the abuse of alcohol. He de- 
scribed a 5.4-kg (12-lb) weight loss over a three-week period. Phys- 
ical examination showed a jaundiced, thin man with right upper 
quadrant abdominal tenderness and no palpable masses. Labora- 
tory data showed a bilirubin level of 12.3 mg/100 ml, an alkaline 
phosphatase level of 259 units, and a normal amylase value. A 
series of x-ray films of the upper-gastrointestinal tract showed a 
hiatus hernia and a posterior diverticulum of the stomach. Oral 
cholecystogram done one year prior to admission failed to visual- 
ize the gallbladder. At operation, anesthetic agents used included 
fentanyl. The gallbladder and common bile duct contained mul- 
tiple stones that were removed, and a No. 7 Bake dilator was 
passed into the duodenum. A T-tube cholangiogram showed a di- 
lated common bile duct with obstruction to the passage of contrast 
material into the duodenum (Fig 8). Satisfied that the common 
bile duct exploration was thorough, the procedure was terminated. 
He had an uncomplicated postoperative course, and on the eighth 
postoperative day the T-tube cholangiogram was normal. 


Spasm was related to both fentanyl administration and 
operative manipulation of the sphincter of Oddi. Recogni- 
tion of this fact aided in the management of this patient’s 
condition and avoided reexploration of the common bile 
duct. 
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Fig 4.—Cystic duct cholangiogram and palpation of common bile 
duct show two stones (case 2). Obstruction to flow of dye into 
duodenum results from spasm. 


Case 5.—A 57-year-old woman noted that for the five days prior 
to admission she suffered right upper quadrant abdominal pain 
and vomiting. Results of physical examination were normal. Labo- 
ratory data showed a bilirubin level of 1.4 mg/100 ml, an alkaline 
phosphatase level of 79 units, and a normal amylase value. Flat 
plate of the abdomen showed four calcifications in the right upper 
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Fig 5.—Normal postoperative T-tube cholangiogram (case 2). Pre- 
vious obstruction at sphincter of Oddi was due to spasm. 


quadrant. Double-dose oral cholecystogram failed to visualize the 
gallbladder. A series of x-ray films of the upper-gastrointestinal 
tract showed a prepyloric ulcer. At operation, fentanyl was used 
for anesthesia. A distended, inflamed gallbladder containing 
stones was noted. The dilated common bile duct was explored and 
two calculi were removed. Operative cholangiogram showed no 
stones and no contrast material passed into the duodenum. This 
was interpreted as being due to spasm, and the procedure was ter- 
minated. On the seventh postoperative day, the T-tube cholangio- 
gram was normal, and the T tube was removed uneventfully. 


Recognition of spasm of the sphincter of Oddi related to 
fentanyl administration and operative manipulation al- 
lowed simplified management. 


Case 6.—A 79-year-old woman noted multiple attacks of right 
upper quadrant abdominal pain for five years, becoming increas- 
ingly severe one week prior to admission. She had a history of an 
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Fig 6.—After common bile duct exploration, intraoperative T-tube 
cholangiogram shows obstruction to flow of dye into duodenum, the 
result of spasm at sphincter of Oddi (case 3). 


Fig 7.—Second T-tube cholangiogram with greatly increased pres- 
sure fails to relieve obstruction but does visualize pancreatic ducts 
(arrow), and extravasation of dye (case 3). Postoperative pancre- 
atitis followed. 
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Fig 8.—Intraoperative T-tube cholangiogram after choledochot- 
omy, showing dilated common bile duct, obstruction to flow of dye 
into duodenum, and no radiolucent filling defects (case 4). Thor- 
ough common bile duct exploration and recognition of effects of 
spasm allow successful termination of procedure. 


old duodenal ulcer. Physical examination showed an obese elderly 
woman with tenderness in the right subcostal area. Laboratory 
data showed a bilirubin level of 0.8 mg/100 ml, an alkaline 
phosphatase level of 155 units (normal, 78 units), and a normal 
amylase value. Oral cholecystogram showed multiple calculi in the 
gallbladder, and a series of x-ray films of the upper-gastrointesti- 
nal tract demonstrated a scarred duodenum. At operation, fenta- 
nyl was used. Multiple small calculi were found in the gallbladder 
and common bile duct. Common bile duct needle cholangiogram 
demonstrated choledocholithiasis and obstruction at the lower end 
of the common bile duct. The multiple calculi were removed, the 
common bile duct was irrigated, and a No. 6 Bake dilator was 
passed into the duodenum. A T-tube cholangiogram demonstrated 
persistent obstruction and the common bile duct was reexplored. 
No further calculi were retrieved, a No. 7 Bake dilator was passed, 
and the sphincter was forcefully dilated with a stone forceps. The 
T tube was reinserted and a cholangiogram demonstrated flow of 
dye into the duodenum. She complained of pain postoperatively 
when the T tube was clamped. The amylase level and bilirubin 
level remained normal. A T-tube cholangiogram on the 13th post- 
operative day demonstrated persistent narrowing of the distal 
part of the common bile duct, probably due to fibrosis or edema, 
and a dilated pancreatic duct. She was discharged from the hospi- 
tal with her T tube in place. Five weeks postoperatively the T tube 
was inadvertently removed in the nursing hgme. She remained 
asymptomatic and results of her liver function tests were normal. 
Intravenous cholangiogram on a subsequent adfhission for con- 
gestive heart failure was normal. 


The normal bilirubin level preoperatively and the dem- 
onstration of complete obstruction to flow of contrast ma- 
terial on the first cholangiogram makes spasm secondary 


to fentanyl administration very likely. The passage of a - 
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No. 6 Bake dilator confirms this observation. The failure 
to recognize this spasm led to reexploration of the com- 
mon bile duct with subsequent stenosis and healing. 


COMMENT 


The value of operative cholangiography has been con- 
firmed by many authors. According to Hicken and McAllis- 
ter, the incidence of retained residual calculi decreased 
from 10% to 20% without operative cholangiography to 3% 
to 5% with operative cholangiography. Schein et al be- 
lieve that routine cystic duct cholangiography decreases 
the incidence of unnecessary choledochotomies from 45% 
to 3% to 5%; on the other hand, we have reported instances 
in which operative, cholangiography led to further unnec- 
essary operation. The mortality following reexploration of 
the common bile duct is twice that of the original oper- 
ation." Several ingenious nonoperative methods of deal- 
ing with retained common duct stones have been de- 
vised,’2"*"® There have been many articles related to the 
morbidity associated with retained common duct stones, 
yet inadequate importance has been placed on the mor- 
bidity caused by unnecessary common duct explorations. 
Patient 1 underwent an unnecessary common bile duct 
exploration. Patient 3 had an unnecessary prolonged 
operating time, sphincterotomy, and postoperative pan- 
creatitis. Patient 6 suffered damage to the sphincter of 
Oddi. The limiting factor in the value of operative chol- 
angiography is the surgeon’s ability to interpret his 
roentgenograms. 

Spasm of the sphincter of Oddi is common and easily elic- 
ited. Way et al describe 47 patients in whom a positive 
preexploratory operative cholangiogram was the principal 
indication to explore the common bile duct. In 23 of these 
patients, results of the exploration were normal, and the 


difficulties arose in interpreting air bubbles and failure of 


eontrast material to flow into the duodenum. No comment 
is made regarding the anesthetic agents used. Baker" 
notes that instrumentation of the common bile duct with 


avoided if the surgeon maintains a high index of suspi- 









probes and dilators produces spasm a 
tion at the terminal duct in 25% of case 
of morphine and narcotic analogues can 
pressure to 200 to 300 em H,O, an effect 
minutes after subcutaneous injection, peaks in 15 min- 
utes, and persists for over two hours.’ The increased se- 
rum amylase and lipase levels can last’ for 24 hours.’ This 
sphincter closing effect of morphine has been used diag- 
nostically in intravenous cholangiography to improve vi ° 
sualization of the common bile duct in patients with jaun- 
dice. Contrast material such as strongly alkaline or 
acid preparations are highly irritating. Contrast medium 
that has not been warmed to body temperature may cause 
spasm.’ 

Fentanyl is a powerful, rapid, and short-acting mor- 
phine-like narcotic analgesic with approximately 150 
times the potency of morphine at equivalent dosage. In 
combination with droperidol (Inapsine), it is a useful 
agent to induce neuroleptanalgesia, a state characterized 
by tranquillity and intense analgesia with little or no hyp- 
nosis. When used with a hypnotic agent, like thiopental 
sodium (Pentothal Sodium), an excellent state of anesthe- 
sia is induced.” Fentanyl can produce severe spasm of the 
sphincter of Oddi that is variable and not dose related. 

This spasm may lead to unnecessary common bile duct 
explorations and ancillary surgical procedures. This can be 


cion. The appearance of the terminal part of the duct with 
its tapering “bird-beaked” appearance, in the absence of 
other clinical and laboratory evidence of common duct ob- 
struction, should suggest spasm. 

After common bile duct exploration and T-tube chol- 
angiography, spasm again is likely. If the contrast me- | 
dium fails to flow into the duodenum despite the passage | 
of a probe through the sphincter of Oddi, mobilization of 
the duodenum, and satisfactory common bile duct explora- 4 
tion, the duct should not be reopened and reexplored un- 4 
less some obvious filling defect is present. 
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Noninvasive Study of Extremity Perfusion 


Alan T. Miyamoto, MD; Fred S. Mishkin, MD; Thomas M. Maxwell, MD 


In nine patients with lower extremity symptoms of arterial insuffi- 
ciency, potassium chloride K 43 was injected intravenously during 
rest, reactive hyperemia, or exercise. Decreased radioactivity in 
muscle tissue was observed to correspond with symptoms, physical 
findings, Doppler ultrasound pressures, and angiographic findings in 
all six who had the procedure. Studies following surgical endarterec- 
tomies in two, a bypass procedure in one, and exploration without at- 
tempted reconstruction in one showed good correlation with postop- 
erative symptoms, physical findings, and pressure measurements 
using Doppler ultrasound in three of four patients. The fourth pa- 
tient showed no change on the postoperative study despite clinical 
improvement. These findings suggest that intravenously adminis- 
tered radioactive potassium provides a noninvasive means for dem- 
onstrating the perfused muscle mass of the extremities with delin- 
eation of ischemic areas. The risk of arterial puncture is eliminated, 
and the ability to visualize perfusion patterns during exercise is 
unique to this method. 


n addition to the usual methods for assessing’ 
the patient with intermittent claudication, radio- 
nuclide techniques can provide information concerning 
muscle perfusion at the level of the microcirculation. Rela- 
tive flow at the arteriolar level is measured by scanning 
after the intra-arterial injection of “"Tc-albumin micro- 
spheres with scan findings correlating well with patient 
symptomatology in arterial disease, diabetes, and post- 
sympathectomy states. The microsphere scans can demon- 
strate ischemic perfusion patterns underestimated in 
extent by the abnormalities seen on angiograms. For ex- 
ample, femoral catheterization for extremity angiography 
results in decreased flow to the catheterized leg, a finding 
seen on microsphere scans, but not so readily apparent on 
angiograms. ! 


28 Ee oP ap Re EES ott LAT Ce a a 

Accepted for publication July 8, 1974. 

From the departments of radiology (Drs. Miyamoto and Mishkin) and 
surgery (Dr. Maxwell), Martin Luther King, Jr. General Hospital, Los An- 
geles. 

Reprint requests to Division of Nuclear Medicine, Department of Radiol- 
ogy, Martin Luther King, Jr. General Hospital, 12021 S Wilmington Ave, 
Los Angeles, CA 90059 (Dr. Mishkin). 
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Patient No. 
Age, yr/ Sex Clinical History Clinical Examination 
1/39/F Hypertension; R thigh Bilateral abdominal & 
& calf claudication femoral bruits 
for 2 yr Preoperative 
Right Left 
Femoral 2+/4 1-2+/. 
Popliteal 0/4 0/4 
Ankle 0/4 0/4 
Postoperative 
Femoral 2+/4 2+/4 
Popliteal 1+/4 1+/4 
Dorsalis 
pedis 1+/4 -1474 
2/57/M Hypertension; calf Preoperative 
claudication, L s 
greater than R, Right Left 
for 4 yr Femoral 3+/4 3+/4 
Popliteal 2+/4 0/4 
Ankle 3+/4 0/4 
Postoperative 
Unavailable 
3/52/F Diabetes; R calf Bilaterally normal 
claudication pulses including 
ankles; no bruits; 
cellulitis R foot; 
ischemic ulcer L 
second toe 
4/55/F Diabetes; sympathec- Ischemic L foot & ankle 
tomy; claudication, Right Left 
L more severe than R Femoral 3+/4 2+/4 
Popliteal 2+/4 0/4 
eDorsalis 
pedis 1+ 0 
PoSterior e 
tibial I+ 0 
5/60/M Diabetes; above-knee Right Left ~ 
amputation on left Femoral 2+/4 0O 
for infected femoral- Popliteal 0 EE 
popliteal graft Ankle 0 
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Clinical Data 











Doppler, mm Hg Angiogram 43K Scan Comments 
Preoperative 90% stenosis R common iliac artery; Preoperative _ Bilateral aortoiliac endarterectomy; r 
2 75% stenosis L common iliac ar- Bilaterally decreased calf exercise: pedaling legs as if 
, Right Left tery; occlusion R hypogastric artery activity; decreased R riding bicycle for 8K scans , 
Arm 180 180 thigh activity 
Thigh 110 130 Postoperative 
Ankle 90 100 Improved perfusion to calves 
Postoperative & R thigh 3 
Arm 120 100 x 
Thigh 140 120 
Calf 110 110 
Preoperative Bilateral hypogastric artery occlusion; Preoperative Surgery: disease too extensive to Á 
. L distal superficial femoral artery Generalized decreased activi- perform L femoral-popliteal graft, 
Right Left occlusion with reconstitution 2 cm ty bilaterally in calves & vessel never entered; 80 mm Hg | 
Arm 170 170 distally; generalized arterosclerotic thighs gradient on Doppler testing pre- | 
Thigh 170 120 plaques Postoperative operatively indicates ischemic ! 
Ankle 120 90 Unchanged except increased disease in leg. Reactive hypere- | 
Postoperative activity R lateral calf mia after elevation of legs used 
Arm 160 160 for 8K scans; increased R lateral 
Thigh 160 90 calf activity postoperatively 
Ankle 120 90 enigmatic 
Normal pressures Not performed Ischemic calves, R more se- Exercise for 8K scan: walking until l 
vere than L; increased ac- onset of claudication; perfusion 4 
tivity R ankle & foot and to ischemic ulcer favorable prog- a 
L toe nostic sign; ulcer did heal; soft 
tissue inflammation of R ankle & v 
foot demonstrated increased ac- À 
tivity on 8K scan; findings sug- 
gest small vessel disease 
Not performed Plain x-ray film: calcification of aorta; L calf ischemia Exercise for 43K scan: walking 
L sympathectomy surgical clips; 
angiogram not performed ` 
a 
e ° 
Not performed after Occlusion L common iliac artery at Perfusion to L stump equal Exercise for 8K scan: flexion & ex- 
L leg amputation origin without reconstitution; occlu- to thigh activity at same tension of hip, knee, & ankle 
° sion R hypogastric artery at origin; level on R; ischemia, R calf while supine 
distal R superficial femoral artery 
occlusion 
ras EAN eS 
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Fig 1.—Left, Resting **K leg scan in normal volunteer, posterior 
view. Note poor muscle vs background activity. Relatively less activ- 
ity in calves compared to thighs probably represents relative hypo- 
perfusion of gastrocnemius muscle. Right, Treadmill exercise *#K leg 
scan in normal volunteer, posterior view. Note increased muscle ac- 
tivity with better delineation of muscle masses; knees and ankles 
are particularly well seen due to relative lack of muscle. Calf activity 
is homogeneous, reflecting increased perfusion. 


Both angiography and microsphere scans have the risk 
inherent in arterial puncture. The inability to adequately 
exercise the patient during the examination, largely due 
to the arterial catheter, has led to the use of pharmacolog- 
ic vasodilation and reactive hyperemia as attempts to in- 
crease perfusion to the extremity and better demonstrate 
areas of ischemia.’ Alternate flexion and extension of the 
ankles during angiography can show nutritive arteries of 
calf muscles not seen on angiograms performed at rest, 
but thigh exercise during angiography remains difficult.’ 
Because of these difficulties, we have investigated the use 
of intravenously injected potassium chloride K 43 to delin- 
eate ischemic disease of the extremities. A similar tech- 
nique has already proved useful in detecting myocardial 
ischemia on scans performed after the intravenous injec- 
tion of potassium chloride K 43 administered during exer- 
cise.’ 


METHOD 


‘After the patients were informed of the methods and risks, 
they assented to the procedure and 500 to 600 microcuries potas- 
sium chloride K 43 were injected intravenously through a but- 
terfly infusion set during exercise. Since an exercise treadmill was 
unavailable, walking to the onset of claudication and moving of 
legs as if pedaling a bicycle were used in the initial patients to ac- 
centuate visualization of ischemic areas. Reactive hyperemia af- 
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Patient No. 
Age, yr/Sex Clinical History Clinical Examination 
6/44/M L calf claudication Preoperative 
for 5 yr; L calf & = 
thigh claudication Right Left 
for 3 mo with 1⁄2 Femoral 3+/4 1+/4 
block walking; Popliteal 3+/4 0 
cold, numb L foot; Dorsalis 
impotence for 3 yr pedis 1+/4 0 
Posterior 
tibial  2+/4 
Ischemic L foot; 
_ bilateral femoral bruits 
Postoperative 
Femoral 4+/4 4+/4 
Popliteal 4+/4 4+/4 
Dorsalis 
pedis 2+/4 4+/4 
Posterior 
tibial 3+/4 4+/4 
7/89/M Diabetes; R anterior Right Left 
tibial skin ulcer, Femoral 4+/4 4+/4 
posttraumatic Popliteal 0/4 0/4 
Ankle 0/4 0/4 
Bilateral femoral bruits 
8/83/F Hypertension; dia- Right Left 
betes; R foot & Femoral 4+/4 4+/4 
calf pain at rest Popliteal O 1+/4 
for 2 weeks Ankle O 0 
Cold R foot & calf; 
bilateral hair loss 
on feet 
9/60/F One-half block Preoperative 
calf claudication, z 
R greater than L; Right Left 
cold, numb R Femoral 0/4  Y2+/4 
foot & rest pain Popliteal 0/4 0/4 
for 6 mo; no skin Ankle 0/4 0/4 
ulceration Postoperative 
Femoral 3+/4 3+/4 
Popliteal 0/4 0/4 
Ankle 0/4 0/4 
ter elevation of the legs was also used. Immediately after injec- 
tion, scanning from the pelvis to the feet from the anterior and 
posterior aspects was performed with a dual probe 20.3-cm scan- 
ner with 5:1 minification. Contrast enhancement was not utilized. 
RESULTS 
Two normal volunteers had scans performed after re- 
ceiving an injection while resting and a week later after 
receiving an injection while exercising on a treadmill. The 
study done at rest showed a pattern of decreased perfu- 
sion consisting of a diminished muscle to background ac- 
tivity ratio and relatively little calf activity when com- 
pared with the thigh. The decreased calf activity probably 
represents relative hypoperfusion of the gastrocnemius 
e 


muscle (Fig 1, left). Increased activity within muscle and 
the shift to the calf with exercise reflects the normal re- 
distribution of blood flow in response to exercise. The 


knees and ankles remain as areas of- decreased activity e 


due to their paucity of muscle (Fig 1, right). Sequential 


scans over an 18-hour period following injection in one ` 


N 
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Clinical Data (continued) 
Doppler, mm Hg Angiogram 
Preoperative 90% stenosis L common iliac & hypo- 
x gastric arteries; stenoses R common 
Right Left iliac artery & both superficial femo- 
rm as 150 ral arteries, but none greater than 
Thigh 160 110 50% reduction of diameter 
Ankle 110 85 
Postoperative 
Arm ... 145/90 
Thigh 170 160 
~wAnkle 130 125 
Right Left Not performed 
Arm 110 110 
Thigh 70 90 
Below- 
knee 0 0 
Above- 
ankle 0 0 
Right Left Distal R superficial femoral artery oc- 
Arm 135 135 clusion without reconstitution; oc- 
Thigh 0 270 clusion L anterior tibial artery at ori- 
Ankle 0 130 gin; no other stenoses with greater 
than 50% reduction of diameter 
Preoperative Left: high-grade stenosis common iliac, 
; artery; 50% stenosis external iliac 
Right Left artery; 70% stenosis internal iliac 
Arm 130 130 artery; superficial femoral artery oc- 
Thigh 60 60 clusion with reconstitution of poplit- 
Ankle 0 0 eal artery; occlusion anterior tibial 
__ Postoperative artery; deep peroneal artery & poste- 
Thigh 120 140 rior tibial artery seen to ankle; 
Ankle 40 60 Right: iliac artery stenoses similar 
in location to L but more severe; dis- 
tal vessels poorly seen; no trifurca- 
tion vessels identified 
volunteer showed no change in the activity pattern. 
Agreement was present between the **K scan and pal- 
pable pulses, resting Doppler pressures, and angiogram 
findings in six of nine, four of seven, and five of six pa- 
” tients, respectively. Surgery confirmed the more severe is- 
chemia seen on scan in patients 2 and 6. Clinical signs of 
ischemia were present despite normal pulses and Doppler 
pressures in patient 3. Patient 8 had bilateral ischemia on 
scan despite unilateral clinical and Doppler findings. Her 
angiogram demonstrated bilateral arterial occlusions 
(Table). 
REPORT OF A CASE 
A 60-year-old black woman (patient 9, Table) had a cold, numb 
right foot for six months. Bilateral calf claudication, right more 
ą severe than left, accompanied level ground walking of less than 


~ 


one half city block. Occasionally pain in the right foot awoke the 
patient, causing her to place the foot in a dependent position for 
relief. Trauma led to a left patellectomy and also a right medial 
e meniscectomy years before. Abnormal physical findings are listed 


in the Table. A marked gradient between brachial and thigh pres- 
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4K Scan 


Preoperative 
Bilateral calf ischemia, L 
greater than R 
Postoperative 
No improvement demon- 
strated; ‘‘resting normal” 
pattern on scan probably 
related to inadequate ex- 
ercise 


Bilateral calf & thigh ische- 
mia, L calf more severe 
than R, R thigh more se- 
vere than L 


Te 
Comments 


Bilateral aortoiliac erfdarterectomy; 


exercise for 8K scan preopera- 
tively & postoperatively: flexion 
& extension of feet while supine 


43K scans performed without exer- 
cise; severe ischemia on scan & 
Doppler influenced surgical de- 
cision to perform above-knee 


amputation on R 


43K scans performed without exer- 
cise; below-knee amputation 
healed well 


Ischemia of both calves, L 
greater than R; second 
scan after development of 
R great toe gangrene 
showed bilateral calf 
ischemia, no increased 
perfusion to gangrenous toes 


Preoperative 
Bilateral calf ischemia, R 
much more severe than L; 
bilateral thigh ischemia 
Postoperative 
Improved perfusion but per- 
sistent ischemia, most 
marked in R calf 


Exercise for 4K scan before sur- 
gery: walking to onset of claudi- 
cation; after bilateral lumbar 
sympathectomies & bilateral 
aortofemoral bypass grafts, in- 
creased exercise led to fatigue, 
but claudication could not be 
elicited 


sures by Doppler ultrasound testing preoperatively showed bilat- 
eral iliac artery occlusion or obstruction of the abdominal aorta. 
The gradient between thigh and ankle pressures showed distal ob- 
structions, more severe in the right leg than in the left. 

An aortogram demonstrated bilateral iliac artery stenoses, 
more severe on the right. There was poor visualization of the ves- 
sels beyond the proximal part of the right superficial femoral ar- 
tery. Occlusions of the superficial femoral artery and anterior ti- 
bial artery were present in the left leg. 

The #K scan demonstrated bilateral calf and thigh ischemia, 
with most severe involvement of the right calf (Fig 2, left). 

The patient received bilateral lumbar sympathectomies and bi- 
lateral aortofemoral bypass grafts with relief of symptoms. Pal- 
pable pulses did not return in the ankles, and Doppler pressures 
showed improvement but persistent gradients between thighs and 
ankles, right still more severely affected than left. The **K sean 
obtained two weeks after surgery revealed improved perfusion 
but persistent ischemia, especially in the right calf (Fig 2, right). 


COMMENT 


The potassium scans should show areas of tissue is- 
chemia as regions of decreased activity. Potassium is con- 
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Fig 2.—Left, Preoperative exercise ®K leg scan in patient 9, ante- 
rior view. Markedly diminished calf activity, right more ischemic 
than left. Decreased, inhomogeneous thigh activity suggests aorto- 
iliac obstruction. Right, Postoperative **K leg scan in patient 9, an- 


centrated in muscle cells, with relatively low concentra- 
tions in the extracellular fluid. During exercise, the muscle 
demand for high-energy phosphates exceeds the supply 
from the Krebs cycle. Anaerobic glycolysis and creatine 
phosphate then contribute a major portion of the energy 
requirements with consequent lactic acid accumulation. 
Potassium efflux from the muscle occurs during exercise, 
presumably due to local acidosis and a change in the 
sodium-potassium active transport mechanism. Systemic 
acidosis also results in movement of potassium out of skel- 
etal muscle cells into the extracellular fluid, and contrac- 
tion of the muscle during acidosis increases the rate of po- 
tassium loss by the cells.” These metabolic changes, as well 
as the amount of potassium delivered via the blood, deter- 
mine potassium distribution. 

The effects of ischemia are similar to those of exercise. 
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terior view. Right calf remains severely ischemic. Improved thigh 
and left calf activity correlated with patient’s clinical improvement 
and asymmetrical pressures measured by Doppler ultrasound. 


Tissue ischemia secondary to decreased perfusion pro- 
duces an arteriovenous concentration difference in potas- 
sium with a net efflux of potassium into the venous blood. 
Following restoration of normal flow, the arteriovenous 
difference reverses, with resultant increased extraction of 
potassium.® The net effect of muscular ischemia accom- 
panied by exercise appears to be regional loss of intra- 
cellular and extracellular potassium, with replenishment 
occurring only after restoration of adequate perfusion. 
These metabolic effects, plus decreased delivery of potas- 
sium chloride K 43 to the ischemic area, should result in 
areas of decreased activity on the scan.” Although the e 
““™'Tc-albumin microsphere scans and the #K scans appear 
similar, the microsphere scans reflect perfusion alone 
whereas the **K scans show both perfusion and metabolic, 
effects. 


Noninvasive Extremity Perfusion Study/Miyamoto et al 





This method of imaging the perfused muscle mass has 
e the unique ability to stress the patient with the specific 
exercise that evokes each individual’s claudication. As de- 
creased small vessel perfusion due to either major vessel 
disease or small vessel disease becomes clinically signifi- 
cant, this might prove to be a most sensitive means of as- 
sessing muscle ischemia. This postulate is supported by 
the potassium scan findings showing bilateral ischemia in 
case 6, when the angiogram failed to demonstrate sub- 
stantial stenoses on the right. A bilateral aortoiliac 
endarterectomy was performed and considerable athero- 
matous material was removed from both sides. Perhaps 
this is a case of posterior plaques seen en face on the 
angiogram with resultant underestimation of degree of 
stenosis. 

Case 3, a diabetic, demonstrates areas of ischemia in 
areas corresponding to probable small vessel disease, but 
also shows increased perfusion to an ischemic ulcer on the 
toe. Increased perfusion to an ulcer resulting from is- 
chemia is a favorable prognostic sign.’ This correlated 
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with healing of the ulcer. HL PE 

In case 7, the severe ischemia seen on the scans and 
Doppler testing influenced the surgeon to perform an 
above-knee amputation rather than risk a more conserva- 
tive below-knee amputation. In case 8, the sean evidence 
of perfused muscle below the knee, in spite of angiograph- 
ically demonstrated occlusion of the superficial femoral ar- 
tery without distal reconstitution, led to a conservative 
below-knee amputation with successful results. These ad- 
ditional applications of this simple noninvasive examina 
tion should prove clinically useful. Without the risk of ar- 
terial catheterization or allergic reactions, serial studies 
may safely be performed. This may be especially useful in 


the patient who has postoperative symptoms when clinical __ 


signs are difficult to interpret. 


Nonproprietary Name and 
Trademarks of Drug 


Technetium Tc 99m—Neimotec, Pertgen-99m, Renotec, Technekow 
generator, Technetope, Ultra-technekow generator. 
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Collective Review, Including Bilateral Cases 


TT 
Cell Carcinoma 


Joel M. Levin, MD; David W. Robinson, MD; Fritz Lin, MD 


Bilateral acinic cell carcinoma of the parotid gland is rare. On the 
hasis øf one case and a review of 486 parotid acinic carcinomas, uni- 
lateral as well as bilateral, total parotidectomy seems to be the treat- 
ment of choice for this low-grade malignant neoplasm that recurs 
commonly following inadequate excision. If involved by tumor, the 
facial nerve must be taken. Metastases are more likely to lung and 
bone than to regional nodes. For this reason, radical neck dissection 
is not routinely indicated. 


mong salivary gland malignant neoplasms, acinic cell 

cancer is relatively rare, but the unusual occurrence 

of such tumors bilaterally prompted a survey and a com- 
prehensive review. 

Bilateral acinic cell carcinoma of the parotid gland has 
been previously reported in eight patients,’ the earliest 
in 1953. Diamant et al,’ in a study of 700 parotid tumors, 
reported two such instances and made the comment that 
tumors of both parotid glands occurred very rarely, the 
highest incidence reported (5% to 10%) being in papil- 
lary cystadenoma lymphomatosum (Warthin tumor). 
Foote and Frazell reported no cases of bilateral tumors in 
870 cases studied.’ 

The relative frequency of bilaterality, multinodularity, 
and frequent association of oncocytic foci in surrounding 
gland tissue in oncocytomas suggested to Boley and Rob- 
inson’ that this lesion might be nodular hyperplasia rather 
than a true neoplasm. There is no such histogenic evidence 
to explain bilateral acinic cell carcinoma.‘ 

Clarke et al° described a bilateral acinic cell tumor in a 
20-year-old woman who underwent total bilateral paroti- 
dectomies two years apart. Turnbull and Frazell® reported 
one bilaterally occurring acinic cell carcinoma of the pa- 
rotid gland and one patient who had an acinic cell carci- 
noma of the left parotid gland in 1955 and two years later 
had an acinic cell carcinoma of the right parotid gland 
and, at the same time, a mixed tumor of the left submaxil- 
lary gland. It is interesting that this patient had been 
treated with radiotherapy to the upper part of the chest 


and neck for acne as a youth. The same author reported 


2,072 patients with major salivary gland tumors, of which 
27, or 1.2%, had both glands involved. 
Chong et al’ added two more bilateral cases in their ex- 
cellent review of the surgical management of this tumor. 
Among the eight reported cases, involvement of the 
contralateral gland was diagnosed from 0 to 15 years af- 
ter the primary tumor. 


Accepted for publication July 9, 1974. 

From the Section of Plastic Surgery, University of Kansas Medical Cen- 
ter, Kansas City, Kan. 

Reprint requests to Department of Plastic Surgery, University of Kansas 
Medical Center, College of Health Sciences and Hospital, Rainbow Boule- 
vard at 39th Street, Kansas City, KS 66103 (Dr. Robinson). 
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A BILATERAL CASE 


A 57-year-old woman was admitted to the University of Kansas 
Medical Center for the first time on May 7, 1973, with a history of 
a slowly growing mass in the right preauricular area of eight 
years’ duration, and a similar mass on the opposite side of one 
year’s duration. Neither was painful, and facial nerve function 
was intact bilaterally. A history of fluctuation of the size of these 
masses was elicited, including a feeling of ‘‘feverishness.” 

Physical examination revealed soft, doughy, slightly tender 
masses bilaterally that, on palpation, discharged no purulent ma- 
terial from the Stensen duct orifices. Results of laboratory studies 
were unremarkable. The clinical picture was that of Mikulicz dis- 
ease or Warthin tumor, but to be sure of the correct form of ther- 
apy a biopsy examination of the left parotid gland was performed, 
revealing acinic cell carcinoma. The patient underwent left total 
parotidectomy, sparing the seventh nerve, despite extension of 
the tumor proximally along the nerve sheath. A biopsy specimen 
of the opposite parotid mass was obtained, revealing acinic cell tu- 
mor as well. Right total parotidectomy was performed on June 7, 
1973, again sparing the seventh nerve. The postoperative course 
was uncomplicated and facial nerve function has remained intact 
bilaterally. At 12 months there was no evidence of recurrence. 


HISTORY 


Nasse” is generally credited with the first report of 
acinic cell tumors, with his description of four parotid ade- 
nomas composed of cells resembling normal acinic cells. It 
remained for Buxton et al,'' however, to designate them 
as malignant, as metastases occurred in several of the 27 
reported cases. Lambret and Pelissier’? believed that 
Nasse had indeed described the first parotid adenoma. 
Earlier reports were probably descriptions of mixed tu- 
mors. They described their own case of adenoma, which 
they thought to be of canalicular origin, and believed the 
reports of Ribbert and Lecéne™ to be of similar origin. 
These authors were first to comment on the possibility of 
histogenesis of acinic tumor from either the acini or 
canaliculi. 

Various authors have ascribed various nomenclature to 
this entity, but Foote and Frazell,'® in 1954, presented the 
current descriptive term, acinic cell adenocarcinoma, in 
their classic review of 900 tumors of the major salivary 
glands, in which 21 acinic cell tumors were reported. Prior 
to their study there had been no reports of these tumors 
occurring outside of the parotid gland. 


DESCRIPTION 


Acinic cell tumors of the salivary glands are rare, histo- 
logically distinct, low-grade adenocarcinomas.’ They 
are found most commonly in middle-aged women, usually 
as a single nodule 2 to 4 cm in diameter. When recurrent, ® 
the tumors tend to be multinodular and prone to local in- | 
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filtration, but they tend not to metastasize when located 
in the submaxillary gland or tail of the parotid gland.” 

The tumors occur predominantly in the parotid gland,” 
but may also occur in the submaxillary,» sublingual,?*:*° 
and minor salivary glands,” as well as occasional bizarre 
locations.**-*” 

Treatment is most often by total parotidectomy with 
preservation of the seventh nerve, as the tumor will 
spread along perineural elements (Fig 1) but rarely in- 
vades the nerve substance.** Pain and facial weakness are 
rare findings in the primary tumor and, when present, are 
considered grave prognostic signs.™®" Seventh nerve pa- 
ralysis is more common in recurrent lesions, and this is re- 
lated in part to surgical trauma. Treatment of choice of 
acinic cell carcinoma of the submaxillary gland is gener- 
ally thought to be total excision of this gland." 

Recurrences occur in about half of the cases, and it is 
not unusual to have recurrent acinic tumor as the initial 
complaint. They are capable of metastasizing, although 
infrequently. Spread is more common to distant organs 
than to regional nodes, which accounts for the rarity of 
radical neck dissection in the treatment of these patients. 
Distant metastases are primarily to lung and bone. 

The tumor is consistently reported in children, but the 
incidence is extremely low under the age of 16 years.”-* 
Females are involved twice as often as males. The parotid 
gland is the predominant site of origin, but two cases have 
been reported in minor salivary glands. 


PATHOLOGIC FINDINGS 


Grossly, acinic cell carcinomas are usually solid but may 
be cystic; they are quite friable, lobulated, and homoge- 
nously gray-white or yellowish-brown. They do not have 
the wet, myxomatous appearance of pleomorphic ade- 
nomas, although they may grossly resemble this tumor. 
Microscopically, they consist of two basic cell types: (1) 
serous-like cells with secretory granules resembling nor- 
mal serous acinar cells and containing histochemically 
identical secretory granules and (2) smaller cuboidal cells 
without granules that tend to form duct-like structures 
with distinct lumens (Fig 2 and 3). The latter are often re- 
ferred to as clear cells, as their cytoplasm does not stain 
with hematoxylin-eosin and does not react with stains for 
glycogens or mucicarmine, thereby definitely removing 
them from the mucoepidermoid group of tumors. Eche- 
varria’s electron microscopical study confirmed, at the ul- 
trastructural level, the similarity between the normal 
serous acinar cell and its neoplastic counterpart.” 

Classically the cells are closely contiguous in a small 
amount of vascular stroma, with crude acinar groups ap- 
pearing in some areas. 

The cells themselves may be round or polygonal with 
small, dark, eccêntric nuclei. The nucleoli are inconspic- 
uous and the.cytoplasm finely granular in certain cells, 
with a bluish cast on hematoxylin-eosin. Mitoses are in- 
conspicuous, except in occasional cases. 

The tumor capsule is thin and the neighboring unin- 


“volved parotid gland shows some loss of acini and mild 
. chronic inflammation. No mixed tumor elements or areas 
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Fig 1.—Perineural spread of tumor without invasion of nerve 
substance. 


suggestive of other commonly recognized salivary gland 
tumors have been found. 

Occasionally there is a prominent lymphoid stoma and, 
in some, foci of calcification may be found. Calcification 
was present in 14 of 77 cases reported by Abrams et al." 

Fat stains demonstrate fine intracellular droplets; 
glycogen stains are positive in a few areas; and PAS is 
frequently positive as it is in normal parotid acinic cells. 


HISTOGENESIS 


There has been some debate in the literature as to the 
histogenesis of these tumors. It is the belief of Godwin et 
al that origin is from the acinic cell. This premise is 
based on the following observations: (1) the histologic re- 
semblance, (2) the absence of other recognizable tumor 
types in multiple sections, (3) foci of apparent serous se- 
cretion, and (4) the similarity of results of PAS staining in 
normal and cancerous cells. 

On the basis of ultramicroscopical observations, Erland- 
son and Tandler* suggested that the duct cells, which re- 
semble those of normal salivary glands, differentiate into 
acinic type secretory cells. The possibility exists that some 
acinic cell tumors may arise from multipotent duct cells. 
Kay and Schatzk, utilizing the electron microscope, have 
found electron dense zymogen granules similar to those in 
normal parotid and submaxillary glands and, on this ba- 
sis, believe the derivation to be from terminal secretory 
apparatus.*’ 
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Fig 2.—Acinic cell carcinoma with large oval to polygonal cells in 
mosaic arrangement. Cells have prominent cytoplasmic vacuoles 
and uniformly round to oval, eccentric, vesicular nuclei that contain 
inconspicuous nucleoli (hematoxylin-eosin, X 125). 


CLINICAL FEATURES 


Ito et al described an acinic cell carcinoma in a 25- 
year-old woman, arising de novo in the mandibula, with 
pain of 3% years’ duration originating in the left side of 
the face and radiating to the ipsilateral eye, ear, temple, 
and occipital areas. On physical examination, a hard, ten- 
der, bony mass was palpable. Roentgenographic examina- 
tion of the mandibula revealed an oval radiolucent area, 
and angiography demonstrated displacement of the infe- 
rior alveolar artery but no “tumor vessels.” At surgery, an 
encapsulated tumor was found within the marrow cavity 
of the mandibula. There was no evidence of invasion. 
Treatment was an en bloc resection of the ascending 
ramus. No long-term follow-up is available. Dhawan et al” 
described nine central salivary tumors of the jaws, but no 
acinic cell tumors were among them. Four were cylin- 
dromas, three mucoepidermoid carcinomas, and two 
adenocarcinomas. 

References to possible endocrine relationships are 
scanty. Bhaskar” reported one parotid acinic cell carci- 
noma with rapid growth during pregnancy, and discussed 
the possible relationship of endocrine stimulation. This 
was based on research evidence of retarded development 
and atrophy of reproductive organs in female rats follow- 
ing removal of salivary glands.” 

Ectopic adrenocorticotrophic hormone (ACTH) produc- 
tion from acinic cell carcinoma, metastatic to regional 
nodes, lungs, and liver, was documented by Cox et gl. 
The manifestations were typical of excess ectopic ACTH 
production with hypokalemie alkalosis, weakness and 
muscle wasting, but no hypertension, striae, or abnormal 


È _ fat distribution. Assays of blood, as well as of primary and 


secondary lesions, demonstrated excess ACTH.” 
DIFFERENTIAL DIAGNOSIS 


The correct diagnosis must be made on histologic find- 
ings rather than clinical ones, but the following entities 
must be considered in the differentiation: (1) Mikulicz dis- 
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Fig 3.—Glandular pattern in acinic cell carcinoma. Cells have 
prominent granular and finely vacuolated cytoplasm (hematoxylin- 
eosin, X 125). 


ease, one case of acinic cell carcinoma associated with Sjö- 
gren syndrome has been described’; (2), low-grade carci- 
noma; (3) papillary adenocarcinoma; (4) cystadenoma; (5) 
adenoma, a rare variant of pleomorphic adenoma“ may be 
differentiated by electron microscopical techniques”; (6) 
glycogen-rich adenoma of the parotid gland, uncommon 
benign clear cell tumor containing abundant glycogen un- 
like acinic cell carcinoma; (7) metastases of hyper- 
nephroma* have clear cells and angiomatous stroma and 
may be differentiated by histochemical study; (8) mixed 
tumor (pleomorphic adenoma); (9) oncocytoma.” | 

Because it is impossible to differentiate acinic cell carci- 
noma from benign mixed tumor on a clinical basis, it 
seems reasonable to treat all major salivary gland tumors 
with benign clinical features by lobectomy if the super- 
ficial lobe alone is involved and by total parotidectomy 
with preservation of the seventh nerve when the deep lobe 
is involved. If what was thought to be mixed tumor proves 
to be acinic cell adenocarcinoma, this treatment will have 
been adequate in most instances. 


TREATMENT 


Chong et al? have recently summarized the concepts of 
treatment of parotid acinic cell carcinomas based on the 
following criteria and conclusions: 

1. The tumor is low grade. 

2. Inadequate removal is followed by frequent recur- 
rence. 

3. Patients die from local spread or distant metastasis. 

4. The treatment, therefore, should be total excision 
with preservation of the seventh nerve. If involved with 
tumor, this structure must be sacrificed. 

5. Patients with recurrent tumors are*technically more 
difficult to treat, more likely to suffer injury-to the seventh 
nerve, and have more recurrences. 

6. Radical neck dissection is not routinely indicated. 

In the series of 69 patients treated for acinic cell carci- 
noma of the parotid, 35, or 50.7%, had recurrences and 16.9 
or 23.2%, died from their disease. Survival data, with re- , 
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Table 2.—Location of Extraparotid Acinic Cell Carcinoma 
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gard to the mode ôf therapy, were as follows: local ex- 
cision and enucleation, 22% died of tumor; total parot- 
idectomy, 0 died of tumor; superficial parotidectomy, 28.6% 
died of tumor; and miscellaneous modes of therapy, 33.38% 
died of tumor.’ 

Long-term follow-up data in a comparably large series 


(72 patients of Abrams et al)'’ were somewhat more fa- 
vorable, but the different techniques of data gathering 
makes comparison difficult. The incidence of acinic cell tu- 
mors in the parotid gland as well as in other sites are 
listed in Tables 1 and 2, respectively. 
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Axillary Hidradenitis 


Dennis K. Anderson, MD, Allan W. Perry, MD 


The magnitude of the social, economic, and medical problems con- 
fronting patients with chronic suppurative axillary hidradenitis is not 
generally recognized. Nonoperative treatment is disappointing. Total 
excision of all apocrine-bearing axillary tissue with primary closure is 
the treatment of choice. Operative treatment can be safely accom- 
plished even when draining sinuses are present. Twenty-six patients 
representing 47 operated axillae are presented. 


F~” physicians fully realize the tremendous social, 

economic, and medical problems faced by patients 
with chronic axillary hidradenitis. Greeley’ describes “a 
peculiar putrid, odious, foul-smelling, actually stinking, 
sickening and nauseating type of drainage” that can 
cause a person to limit his social contacts to the immediate 
family and the security of his own home. To appreciate 
the economic impact of this disease, one must consider the 
many patients unemployed and on welfare who make re- 
peated visits to physicians unaware of proper treatment. 
In addition to loss of employment, personality changes, 
deterioration of the family unit, and suicide have been at- 
tributed to this disease. Women are severely hampered in 
their style of dress since the dressings that must be worn 
constantly necessitate the use of long-sleeved apparel ex- 
clusively. 

Many cases in the chronic debilitating form are the re- 
sult of failure to recognize and to treat the early disease 
with vigor and persistence. Patients who are cured of 
chronic axillary hidradenitis are among the most grateful 
and appreciative patients one will encounter. 


HISTORY 


This condition was first described more than a century 
ago by Velpeau’ (1795 to 1867), a professor of clinical sur- 
gery of the Faculty of Medicine in Paris. He described a 
peculiar inflammation limited to the axillary, mammary, 
and perineal regions. Although he did not appreciate the 
infection as arising from the sweat glands, he is given 
credit for its firgt description in 1839. 

Verneuil’ (1823 to 1895), who is remembered for his 
treatment of abscesses with iodoform, first proposed in 
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1854 that this condition arose in the sweat glands. His 
subsequent detailed description provided å firm basis for 
the establishment of this process as a definité disease en- 
tity. 


ANATOMY 


It is appropriate that Malpighi, the founder of micro- - 


scopic anatomy, should first discover droplets of water ooz- 
ug from orifices on the skin. But it was two centuries be- 
fore the sweat gland itself was described and nearly 100 
years more until Schiefferdecker’ in 1917 differentiated 
exocrine from apocrine glands. 

The apocrine gland limits itself to definite anatomic 
sites and is responsible for the disease known as suppura- 
tive axillary hidradenitis. These glands are located in the 
perineal skin, areola, labia, scrotum, and, most promi- 
nently, in the axilla. Apocrine glands literally contribute 
part of their protoplasmic substance to their secretions. 
These glands are larger than the exocrine glands and can 
be seen with the naked eye. It is not uncommon for them 
to grow to lengths of 50 mm and extend to depths of 5 
mm.’ The exocrine glands are superficial, while the apo- 
crine glands are found in the deep portion of the dermis. 
The location is always at a hair follicle, and the duct may 
empty into the cavity of the hair sheath or onto the skin 
directly adjacent to the follicle (Fig 1). The apocrine gland 
does not secrete prior to puberty, which explains why this 
disease is not seen in children. The concentration of ax- 
illary apocrine glands is greater in blacks, and the inci- 
dence of axillary hidradenitis is likewise greater in that 
race." It is also seen several times more commonly in 
women, and is usually a problem in young adults. 


CAUSE 


The cause of this entity is not known. Predisposing fae- 
tors may include poor personal hygiene, irritation from 
clothing, use of depilatories, antiperspirants and certain 
deodorants, and close shaving or plucking of axillary hair.’ 

Obstruction of the gland orifice with keratinous mate- 
rial causes stasis of secretions, which results in infection. 
The infected glands dilate and rupture, spreading the pro- 
cess to adjacent glands (Fig 2). 

The obstructive component of this disease has been 
demonstrated by Shelley and Cahn, who taped the axillae 
of 12 normal males and was successful in producing a clin- 
ical and histological picture of hidradenitis. The adjacent 
hair follicles, sebaceous glands, and exocrine glands were 
uninvolved, making it apparent that the apocrine gland 
alone was responsible for this disease. 

In the preantibiotic era, Staphylococcus aureus and 
Streptococcus viridans were the main organisms involved. 
Recently, Gram-negative organisms and Micrococcus have 
predominated. 


STAGES OF DISEASE 


This disease can be divided into two clinical stages. The 
acute stage, if treated vigorously, can be controlled. The 
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chronic stage requires extehsive surgery to completely ex- 
tirpate the disease. 


l Acute Phase 


Symptoms of the acute phase usually begin unimpressive- 
ly with itching, byrning, and excessive sweating.’ The 
first noticeable finding is a firm subcutaneous nodule that 
subsequently drains a few drops of thick yellow purulent 
material and heals with minimal scarring. Treatment for 
this acute phase is incision and drainage. Antibiotics 
should be used after cultures have been taken. Continuous 
warm, moist soaks and meticulous cleansing of the area 
with antibiotic soaps will usually clear the infection. 

When healing is complete, the patient must be im- 
pressed with the importance of cleanliness and care of the 
axilla to prevent recurrence. Any sign of recurrence 
should be dealt with quickly and vigorously, for the acute 
phase, which is relatively easy to treat, may slip almost 
imperceptibly into the chronic stage. 


Chronic Phase 


As the disease progresses, the infection spreads to adja- 
cent glands until the entire axilla is honeycombed with 
sinus tracts and multiple abscesses.’ When these multiple 
infected glands coalesce, cord-like elevated bands are 
formed, which are characteristic of chronic axillary hidra- 
denitis® (Fig 3). 

In the later stages, the infection may extend deep to the 
skin, involving the subcutaneous fat with resultant ulcera- 
tion of the overlying skin. Gangrene is usually not seen, 
and systemic symptoms such as fever are rare. 


TREATMENT 


The treatment of the acute phase is incision and drainage, 
warm soaks, impeccable axillary hygiene, and appropriate anti- 
biotics. However, this regimen is woefully inadequate when treat- 
ing the chronic form and will be met with failure. Most of these 
unfortunate patients are referred back and forth between their 
family physician, dermatologist, and surgeon, with each telling 
him that an operation will be done as soon as the infection sub- 
sides sufficiently. Soaks, antibiotics, and local incisions are used 
repeatedly as the condition gradually progresses. Nonoperative 
forms of therapy have included local radiation,’ steroid injections, 
and the administration of various vaccines. Results are dis- 
appointing, 

We have found that in cases with chronic draining sinuses, the 
entire apocrine-bearing area of the axilla can be removed. One 
need not fear postoperative wound infection if careful surgical 
technique is used to prevent gross contamination of the fresh 
wound with drainage from the specimen. Since the apocrine 
glands empty into or adjacent to the hair follicles, we advocate re- 
moval of all the axillary hair-bearing area, even if uninvolved. 
Failure to do this greatly increases the risk of recurrence. Appro- 
priate antibiotic coverage is begun preoperatively, and continued 
for five to seven days. Closure of the axillary defect has been done 
in the past by split-thickness skin grafting,’ rotation of adjacent 
flaps,’* or primary closure.’ 

We believe that primary closure is the procedure of choice in al- 
most all cases. This substantially decreases postoperative morbid- 
ity, complications, length of hospitalization, and disability. 
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Apocrine 
Glands 


Fig 1.—Apocrine glands emptying into 
sheath of hair follicle and adjacent skin. 


TECHNIQUE 


In the supine position and under general anesthesia, the arms 
are suspended on intravenous poles with stockinette. This allows 
the arms to be moved freely, facilitating closure. 

The incision is marked with methylene blue inscribing an ellipse 
at a right angle to the long axis of the arm (Fig 4). Care is taken 
to include all hair-bearing skin, whether involved or not. The en- 
tire ellipse is incised and a gauze sponge is placed over the speci- 
men and clamped around the periphery to minimize contamina- 
tion. Dissection is begun anteriorly as the ellipse is pulled 
downward. Care is taken to include all indurated tissue with a 
cushion of normal-appearing fat. This will frequently take the dis- 
section to the axillary fascia and, on occasion, it may be necessary 
to violate this fascia in order to completely remove all involved tis- 
sue. In dissecting and securing hemostasia, one must remember 
that axillary vessels and the brachial plexus are only millimeters 
away. $ 

The wound is irrigated and closed. No undermining is done. No. 
2 nylon monofilament retention sutures are placed 3 cm from the 
skin edges and at 3-cm intervals. To obliterate the potential sub- 
cutaneous space, the axillary fascia is carefully included in the re-® 
tention sutures. The skin edges are approximated with inter- 
rupted inverted deep dermal sutures of 3-0 polyglycolic acid (Fig ` 
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Fig 2.—Chronic axillary hidradenitis with ruptured glands, ab- Fig 3.—Skin ulceration and typical cord-like band formation of 
scess formation, and chronic inflammatory cells (hematoxylin-eo- chronic axillary hidradenitis. 
sin, X65). 


Fig 5.—Adequate placement of subcutaneous sutures closes de- 
Fig 4.—Ellipse including disease and uninvolved apocrine glands. fect before skin sutures are placed. 
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Fig 6.—Retention sutures and bolster in place to obliterate poten- 
tial dead space. 


5). The arm is adducted as closure progresses. Traction on the re- 
tention sutures will also facilitate closure. If the deep dermal 
layer of sutures has been properly placed, the skin edges will be in 
apposition before skin sutures are placed and retentions tied. The 
retention sutures are used only to obliterate dead space and are 
not needed for skin approximation if the polyglycolic acid layer 
has been properly placed. Final approximation of the skin is ac- 
complished with interrupted vertical mattress sutures of 4-0 ny- 
lon. Drains are not routinely used. The wound is covered with bis- 
muth tribromothenate petroleum gauze and a bulky dressing of 
folded gauze squares or moistened cotton over which the retention 
sutures are snugly tied (Fig 6). A light gauze is placed over the 
dressing, and the arms are returned to the sides. 

The bolster and retention sutures are removed on the fifth post- 
operative day and a light dressing reapplied. Shoulder motion is 
limited for two weeks. Abduction to 45° is then allowed and grad- 
ually increased to 90° at one month and 180° at six weeks (Fig 7). 


REPORT OF CASES 


‘We have now used this technique on 26 patients representing 47 
axillae. In all cases, postoperative shoulder motion equalled or ex- 
ceeded the preoperative range within six weeks. 

The duration of disease in our series prior to definitive surgical 
treatment ranged from one to 18 years; with an average of five 
years. All had had previous conservative treatment. The age var- 
ied from 18 to 56, with an average of 33. Twenty (70%) were 
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Fig 7.—Shoulder mobility and appearance of scars four months 
after operation. 


obese.'* The excess weight ranged from 2.3 to 40.7 kg (5 to 90 1b), 
with an average of 12.7 kg (28 lb). Three cases required excision of 
tissue extending deep to the axillary fascia due to involvement 
with sinuses or abscesses. Length of hospital stay varied from two 
to eight days, with an average of 4.5 days. Three patients were di- 
abetics, and none had postoperative complications. Preoperative 
wound cultures grew Proteus mirabilis and Micrococcus, with oc- 
casional B-hemolytic Streptococcus, Escherichia coli, and Kleb- 
siella pneumoniae. Postoperative problems were minor, consisting 
of minimal wound separation in eight axillae, which healed spon- 
taneously. All patients agreed that the disease caused more pain 
than the operation. 


CONCLUSIONS 


1. Chronic axillary hidradenitis should be treated by to- 
tal excision and primary closure. 

2. Surgical boundaries must include the uninvolved ax- 
illary apocrine glands in order to prevent recurrence. 

3. It is neither necessary nor possible to postpone sur- 
gery until the infection is cleared. 

4. Postoperative pain is consistently less than the dis- 
comfort of the disease. 
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Bilateral Adrenalectomy 
for Metastatic Breast Carcinoma 


Peter W. Brown, MD; Jose J. Terz, MD; Roger King, MD; Walter Lawrence, Jr., MD 


Ninety-five patients who underwent bilateral adrenalectomy for 
metastatic breast carcinoma are reviewed. An objective remission of 
tumor was observed in 66% of the patients over the age of 45 years 
with metastasis limited to soft tissue, osseous, or pulmonary sys- 
tem. In those patients below the age of 45, only 19% had remission 
irrespective of the sites of metastasis. 

Thirty-three patients were admitted with no “free interval,” with 
objective remission occurring in 42%. This observation indicates 
that the “free interval” is not as striking a determinant in selecting 
adrenalectomy candidates as had been stressed by others. 

The serial treatment of adrenalectomy followed by chemotherapy 
after adrenalectomy failure or relapse was shown to objectively bene- 
fit 74% of 72 patients evaluated. Sulfokinase activity in breast can- 
cer tissue was studied in 17 patients. The results were not as defini- 
tive as reported by others. 


| eee manipulation for control of human cancer was 
first recognized as an effective palliative procedure in 
1896 when Beatson’ reported breast cancer remission with 
bilateral oophorectomy. Huggins and Scott,’ in 1945, first 
discovered that sex steroids were reduced following adre- 
nalectomy; in 1952, Huggins and Bergenstal* reported the 
beneficial response following adrenalectomy for advanced 
cancer of the breast. Since that time, clinical series have 
reported objective remissions of breast cancer to adrenal- 
ectomy ranging between 33% and 67%.*""" | 

In 1962, the Joint Committee on Endocrine Ablative 
Procedures and Disseminated Mammary Cancer collected 
801 adrenalectomies and 390 hypophysectomies from 13 
different institutions.’ Success achieving palliation was 
similar with the two procedures. Results were best in 
those patients with long, free intervals between curative 
treatment and recurrence of disease, those who lacked 
substantial pulmonary, hepatic, and central nervous sys- 
tem (CNS) involvement, and those who previously had 
shown objective response to palliative oophorectomy. This 
study, as well as others,’ has developed basic guidelines 
for clinical selection of adrenalectomy candidates that are 
still in use. In an attempt to increase response rates to ad- 
renalectomy, seyeral centers’* have advocated adjuvant 
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chemotherapy combined with adrenalectomy and have re- 
ported more favorable response rates than observed after 
adrenalectomy alone. This concept has been questioned by 
some who continue to favor selective use of chemotherapy 
after adrenalectomy failure or relapse. Laboratory meth- 
ods of more precisely predicting adrenalectomy response 
by the use of biochemical means (estrogen receptor,” 
steroid sulfurylation,’’ urinary steroid assays, and pro- 
lactin suppression by levodopa") are actively being pur- 
sued both here and at other centers. 

This report includes our total experience with bilateral 
adrenalectomies for palliation of recurrent and metastatic 
breast cancer at the Medical College of Virginia over the 


six-year period Sept 1, 1967 to Sept 1, 1973. In no case was 


adjuvant chemotherapy utilized as an immediate planned 
procedure, but subsequent chemotherapy was utilized in 
many of our patients following adrenalectomy failure or 
relapse. In most instances, patients were selected for ad- 
renalectomy by using the favorable clinical criteria re- 
ported by the Joint Committee on Endocrine Ablative 
Procedures and Disseminated Mammary Cancer and oth- 
ers.’ 


SUBJECTS AND RESULTS 


Ninety-five patients with recurrent or metastatic breast cancer 
were subjected to bilateral adrenalectomy by one of three sur- 
geons in the Division of Surgical Oncology at the Medical College 
of Virginia. Patients with major medical contraindications to sur- 
gery, marked pulmonary insufficiency, extensive brain metastasis, 
or evidence of substantial hepatic involvement were not consid- 
ered suitable candidates for adrenalectomy. Patients without 
prior palliative or therapeutic oophorectomy were subjected to a 
combined bilateral adrenalectomy and oophorectomy. Either the 
flank (12th rib retroperitoneal) operative approach or the abdomi- 
nal operative approach was utilized for adrenalectomy on this 
group of patients (Table 1). The overall complication rate was 22%, 
with the rates being slightly lower in the group employing the 
flank approach to adrenalectomies. The group with combined ab- 
dominal (for oophorectomy) and flank operative approaches were 
usually our “high-risk” patients, and the complication rate in this 
small series (five of eight patients) was substantially higher than 
in the overall group. Three patients died within.30 days of surgery 
(3% mortality), one from progression of disease and two from sus- 
pected pulmonary emboli. 

Clinically useful objective response to adrenalectomy was con- 
sidered to be a measurable remission of tumor evident for at least 
six months, an interval thought to be long enough to fully justify 
the operation. Forty-four of 95 patients (46%) experienced an ob- 
jective remission for six months or longer. An additional nine pa- 
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Table 1.—Postoperative Complications: Surgical Approach 


Flank Approach for 










Abdominal Adrenalectomy 
â Approach With or Without Total 
(56 Pa- Oophorectomy (95 Pa- 

Complications tients) (39 Patients) tients) 
Respiratory 8 0 8 
Wound infection 4. 6 10 
Cardiac 1 0 1 
Bleeding 

(intraoperative & 

postoperative 2 1 3 
Total 15 (27%) 7 (18%) 22 (22%) 





tients had measurable regression of tumor lasting for three to six 
months, giving a 56% objective remission rate for a period greater 
than three months. For the purpose of evaluation of the factors 
responders” in the study are 


six months or longer. 

At the time of this analysis there are 14 patients who are still 
alive with continued adrenalectomy remissions. Sixty-nine pa- 
tients are now dead, and there are 12 living patients with post- 


adrenalectomy failure or relapse. The mean survival for all dead 


patients who did not respond to adrenalectomy was 7.7 months, 
with a low of less than one month and a high of 64 months. In 
those patients who responded to adrenalectomy for six months or 
greater but are now dead, the mean survival was 18.5 months with 
a low of six and a high of 42 months. The mean time of response to 
adrenalectomy in 14 patients who are still alive and in remission is 
14 months, with a range of six to 66 months, but this figure will ob- 


= viously increase with continued follow-up. 


FACTORS INFLUENCING 
ADRENALECTOMY RESPONSE 


Age 


Our patients ranged in age from 30 to 68 years. Only six of 32 
(19%) patients who were under the age of 45 responded to endo- 
crine ablation by adrenalectomy. In contrast, 63 patients were 
above 45 years of age, with 60% responding by the criteria listed. 
It is quite obvious that patient age was a major factor in the ob- 
jective response rate, and this must have a relationship to the 
proximity of the patients to the menopausal state. 


Relationship of Patients to Menopause 


For this analysis the menopausal state was divided into four 


- categories: (1) premenopausal (18 patients), (2) postmenopausal 


(22 patients), (3) postmenopausal, artificial, from oophorectomy 
(38 patients), and (4) postmenopausal, artificial with hysterec- 
tomy, without oophorectomy (seven patients). The actively men- 
struating group who underwent bilateral adrenalectomy and 
oophorectomy had a response rate of only 27% (five patients). 
The reported response rate to oophorectomy alone in the actively 
menstruating patient with metastatic breast cancer is usually 
slightly higher than this. Dao reported a 40% response to oopho- 
rectomy alone for a premenopausal patient and has suggested 
that addition of adrenalectomy in this younger group might im- 
prove response rates. Our small series suggests, however, that the 
combination of oophorectomy and adrenalectomy as the first endo- 
crine manipulative procedure in the premenopausal patient has no 
advantage over oophorectomy alone. The postmenopausal woman, 
whether natural (12 patients, 55%) or artificial (from oophorec- 
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tomy: 18 patients, 47%; with hysterectomy without oophorectomy: 
six patients, 86%) (zero to ten years), clearly has a better progno- 7 
sis for response than the menstruating woman (54% vs 27%). Our 
series of postmenopausal patients who were more than ten years 
after menopause is too small (ten patients) to make a valid judg- 
ment as to response rates (four patients, 40%) after adrenal- 
ectomy. 

In 17 patients, the addition of prophylactic oophorectomy at the 
time of curative treatment of the primary tumor appeared to have 
no effect on the response to adrenalectomy. The response rate was 
49% in those with prophylactic oophorectomy versus 47% in the 
group without prophylactic oophorectomy. 


Free Interval 


The “free interval” is generally defined as the period of time be- 
tween initial surgical treatment and the appearance of the first 
metastasis or recurrence. Patients with a free interval greater 
than two years (> 24 months: 26 patients, 16 responders [62%]; 
> 36 months: 16 patients, 11 responders [69%]) respond better than 
those with an interval less than 24 months (< 12 months: 24 pa- 
tients, nine responders [38%]). If we consider only those patients 
receiving curative therapy who then have a free interval of less 
than two years, 39% (14), were found to respond to adrenalectomy. 
Of particular interest is the objective response rate of 42% (14 pa- 
tients) in 33 patients who had no prior curative therapy and, 
therefore, no free interval. These data show that the free interval 
as an indicator to adrenalectomy response is perhaps not as strik- 
ing a factor as has been suggested in other series. 


Palliative Therapy Prior to Adrenalectomy 


Forty-one patients underwent adrenalectomy as the first form 
of palliative therapy. Twenty-four of these 41 patients (59%) had a 
six-month objective response. Twenty-three patients had pallia- 
tive radiation therapy to metastatic sites before adrenalectomy 
and, of these, only 30% had adrenalectomy remissiofi. Forty-nine 
patients had prior palliative treatment by either radiation, andro- 
gen, or chemotherapy; 40% of this group had a six-month objective 
response. Our data clearly suggest that “primary” adrenalectomy 
gives a better response rate than secondary adrenalectomy. 

Twenty-two of our patients had undergone oophorectomy for 
palliation prior to adrenalectomy. Twelve of these patients (55%) 
had no response to oophorectomy and, of these, five patients sub- 
sequently responded to adrenalectomy. Ten patients had objective 
response to palliative oophorectomy, with four of these patients 
subsequently responding to adrenalectomy at the time of oopho- 
rectomy relapse. In this small series, the presence or absence of 
response to therapeutic palliative oophorectomy had no predictive 
value for subsequent adrenalectomy for the same purpose. This 
does not negate findings reported in other series that oophorec- 
tomy response is a good predictor of adrenalectomy response. It 
does, however, suggest that prior oophorectomy response should 
not be a firm determinant in patient selection for adrenalectomy. 


PATHOLOGIC FINDINGS OF BREAST CANCER 


The pathologic findings of the breast cancer in patients 
in this series was predominantly infiltnating duct carci- 
noma, as would be expected. Three patients with lobular 
carcinoma and one with colloid carcinoma responded to * 
adrenalectomy, whereas two patients with medullary car- 
cinoma and two of three patients with inflammatory car- 
cinoma did not respond. The number of patients withe 
these less common histologic types is clearly too small for 
valid conclusions. : 
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PATHOLOGIC FINDINGS 
AT THE TIME OF ADRENALECTOMY 


The adrenal gland was involved with metastasis in 26 
cases, with nine of these patients responding objectively 
for six or more months (35%). The ovaries were involved in 
eight cases, with only one six-month responder. 

The liver had proven metastasis by biopsy examination 
at the time of adrenalectomy in 13 cases, with four of 
these patients responding for six or more months. Prior to 
adrenalectomy, liver metastasis was suspected in eight of 
these 13 cases by either.clinical, biochemical, or scanning 
techniques. In none of the eight cases in which liver me- 
tastasis was suspected preoperatively and subsequently 
proved pathologically was there an objective remission. In 
four of the five cases of pathologically proven liver metas- 
tasis without preoperative clinical suspicion of liver me- 
tastasis, there was an objective adrenalectomy response. 
Altogether 15 patients in the series were thought to have 
liver metastasis preoperatively (including the eight 
proved by biopsy examination), only one of these patients 
responded for six or more months. At the time of surgery, 
this one patient had no evidence of liver metastasis. Six 
other patients had operative approaches through flank in- 
cisions, and the status of their liver pathologic findings 
was not proved. From these data we have concluded, as 
have others, that clinical evidence of liver metastasis 
makes a patient a very poor adrenalectomy prospect. 


SUBJECTIVE FINDINGS 


Preoperative subjective complaints were present in 71 
patients, while 24 patients were admitted with physical 
findings of recurrences without substantial symptoms. 
The most common complaint was bone pain, which oc- 
curred in 53 patients. When comparing the objective adre- 
nalectomy response in patients with and without subjec- 
tive complaints, there was no difference in the two groups 
(46% and 47%, respectively). Subjective response to endo- 
crine ablation is difficult to assess, but virtually all pa- 


tients showing evidence of objective response had im- — 


provement in symptoms if symptoms were present prior 
to adrenalectomy. 


PATTERN OF METASTASIS 


For analysis of the effect of sites of metastasis on adre- 
nalectomy patients, this series has been separated into 
groups either above or below the age of 45. In patients less 
than 45 years of age, the response rates and length of re- 
missions after adrenalectomies were uniformly low. In pa- 
tients over 45 years of age who had soft tissue and bony 
metastasis, alone or in combination, there was an adrenal- 
ectomy response rate of 68%, with a mean remission pe- 
riod of 21 months (Table 2). Those patients over the age of 

¢ 45 with pulmonary metastasis, with or without soft tissue 
and bony metastasis, had a response rate of 61% with a 
mean remission of 13 months. In patients with preopera- 

etive evidence of liver, visceral, and/or CNS metastasis, the 
adrenalectomy response rate was poor, irrespective of the 
age. 
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Table 2.—Effect of Pattern of Metastasis on 
Adrenalectomy Response 


No. of Mean Remission 
No. of Responders of Responders, 
Patients (%) mo 


Below Age 45 Years 


Status 


Soft tissue and/or 

bone only 12 
Soft tissue and/or 

bone plus pulmonary 8 
All other (liver, 

viscera, CNS, and 

hypercalcemia) 12 1 (8) 
All cases 32 6 (19) 

Above Age 45 Years 


3 (25) 


2 (20) 


Soft tissue and/or 

bone only 38 
Soft tissue and/or 

bone plus pulmonary 18 
All other (liver, 

viscera, CNS, and 

hypercalcemia) 7 
All cases 63 


26 (68) 


11 (61) 


1 (14) 
38 (60) 


RESPONSE TO CHEMOTHERAPY 
FOLLOWING ADRENALECTOMY FAILURE 


Chemotherapy was utilized as palliative treatment af- — 


ter adrenalectomy failure or relapse in only 55 of our 95 
patients. Fourteen of our patients are in continued adre- 
nalectomy remission and have had no trials of chemother- 
apy as yet. Twenty-six patients with adrenalectomy fail- 
ure or relapse received no chemotherapy. Twenty-three of 
these 26 patients had adrenalectomy failure with a rapidly 
deteriorating course following surgery, with a mean sur- 
vival of only 2.6 months. Two patients were in adrenal- 
ectomy remission and died suddenly, while one patient has 
refused chemotherapy following adrenalectomy relapse. 

In those patients who had neither adrenalectomy or 
chemotherapeutic response, the mean survival was only 
7.8 months. The patients who had response to adrenal- 
ectomy but no subsequent response to chemotherapy at 
the time of relapse had a mean survival of 18.5 months. In 
patients responding initially to adrenalectomy and subse- 
quently responding to chemotherapy, the mean survival 
was 27 months. 

These data can be employed to estimate the clinical re- 
sponse to a planned program of serial use of adrenal- 
ectomy followed by chemotherapy only when failure or re- 
lapse becomes evident. These estimates can be utilized for 
comparison with data from a planned combined adrenal- 
ectomy and chemotherapy approach, as proposed by Wil- 
son et al.’ 

Combining the 17 patients with adrenalectomy response 
who did not ever receive chemotherapy with those pa- 
tients who received chemotherapy at some time after ad- 
renalectomy, there were 72 patients on whom a response 
to serial treatment can be evaluated. An objective re- 
sponse to one or both of these treatment methods (74%) 
was seen despite the fact that only 55 of these 72 patients 
have thus far received chemotherapy. It should be stated 
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that the 55 patients who have received chemotherapy af- 
ter adrenalectomy were subjected to either multiple com- 


= bined or sequential type of regimen, the former approach 


being the one that is now in common use. The overall 
chemotherapeutic response of 44% in this series is similar 
to others, although the currently employed multiple com- 
bined drug therapy is often reported as giving a higher 
response rate than this. 


i BIOCHEMICAL MEANS OF 
PREDICTING ADRENALECTOMY RESPONSE 


The Bulbrook-Hayward discriminant,” based on the 
relative urinary excretion of 17-hydroxycorticosteroids 
and etiocholanolone, has been used by others to attempt to 
choose patients more likely to have objective response to 
endocrine ablation. A national cooperative study of uri- 
nary steroid metabolites, in which many of our patients 
participated, has just been completed. A slightly higher 
response rate was seen when the discriminant was posi- 
tive in this study, but the differences between the positive 
and the negative discriminant group are minimal. On the 
basis of these yet unreported data, it must be considered 
that these urinary steroid measurements are not clinically 
useful in case selection for endocrine ablation. 

The use of other biochemical means for determining 
hormone dependence of breast cancer is under investiga- 
tion at the Medical College of Virginia, but most patients 
in this series have not had tissue assays and no patients 
were actually selected for adrenalectomy on this basis. All 
recurrent breast cancers with available tissue for assay 
are presently being analyzed for steroid sulfurylation ac- 
tivity and more recently for estrogen-binding protein ac- 
tivity. To date, breast cancer tissues from 17 adrenal- 
ectomy patients have been analyzed preoperatively for 


steroid sulfurylation activity. 


The efficiency of the tumor’s ability to synthesize dehy- 
droepiandrosterone more efficiently than 17f-estradiol has 
been reported as a ratio. Dao” reports a ratio of 1, or 
greater than 1, usually correctly predicts objective adre- 
nalectomy response. Our own results comparing sulfo- 
kinase activity in tumor tissue with adrenalectomy re- 
sponses show only limited accuracy. Although 70% (seven 
of ten) of positive predictions with this assay were fol- 
lowed by objective adrenalectomy response, three of seven 
specimens (57%) with a negative predictive assay were in- 
correct in terms of the subsequent favorable clinical re- 
sponse. A refinement of this assay that may possibly im- 
prove predictability is currently being evaluated. This 
assay in combination with the assay of estrogen-binding 


protein is also being evaluated as a “predictor” without 


dependence on the laboratory results for the clinical deci- 
sions regarding ease selection. Others have utilized these 
tissue assays for therapeutic decisions, but we hope our 
“blind” approach may yield data useful for future im- 
provements in the selection process. 


COMMENT 


Data from this series agree with previous reports that 
successful palliation can be achieved by adrenalectomy in 
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those patients with endocrine-dependent breast cancers. 
The quality of life is subjectively better and survival is“ 
probably prolonged in those patients who actually re- 
spond.” Factors related to adrenalectomy response do 
merit review and reevaluation. 

Age is clearly a factor that markedly influences the ex- 
pected response of the breast cancer patient to adrenal- 
ectomy. Below the age of 45 years in this series, the ob- 
jective response rate after adrenalectomy was only 19%, 
whereas an objective response rate of 60% was seen in pa- 
tients above 45 years. Free interval prior to adrenal- 
ectomy, prior oophorectomy response, and the pattern of 
metastasis had little bearing on response in these younger 
patients since the overall results were so poor. Combined 
oophorectomy and adrenalectomy in these younger pre- 
menopausal patients was not associated with response 
rates that were any better than have been reported for 
the oophorectomy alone. These findings certainly diminish 
interest in the use of palliative adrenalectomy for the 
young premenopausal or young castrated patient with 
metastatic breast cancer. 

In patients older than 45 years, clinical factors seem 
much more important in the selection of adrenalectomy 
candidates than in the younger group. In our series, a 
longer free interval was clearly a favorable sign but it 
was not as striking an indicator of objective adrenal- 
ectomy response as reported by others. Those patients 
with an interval greater than two years had an objective 
response of 62% as compared to 41% in those with either 
no free interval or a free interval of less than 24 months, 
but the response rate of those patients initially admitted 
with metastatic disease (no free interval) is high enough 
to diminish the clinical value of the free interval in case 
selection. In this small series, an objective response to 
prior palliative oophorectomy ‘also played a minimal role 
in predicting adrenalectomy response. In patients who did 
or did not achieve oophorectomy palliation, the response to 
adrenalectomy was similar and we now omit both of these 
clinical factors from our process of case selection. 

Our data confirm those of others that show that the pat- 
tern of metastasis plays a major role in the prediction of 
an adrenalectomy response. Patients with metastatic can- 
cer limited clinically to the soft tissue, bone, or the pulmo- 
nary system had effective palliation in about 65% of our 
cases. However, the length of the objective response was 
shorter in those patients with pulmonary metastasis as 
compared to those with only soft tissue or bony involve- 
ment. The patients with clinically evident liver, CNS, or 
visceral involvement uniformly had a very low objective 
response to adrenalectomy; these patterns should proba- 
bly discourage the choice of palliative adrenalectomy un- 
less current biochemical studies become gstablished as an 
accurate means of prediction of the few potential “re- 
sponders” in the groups with these clinical findings. e 

The use of adjuvant chemotherapy following adrenal- 
ectomy in patients has been urged by others’ on the basis 
of a response rate to this combination that approachese 
70%. Of the patients in this series who received adrenal- 
ectomy, with or without a.response, and subsequently re- ` 
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ceived chemotherapy, 74% had objective remission to ei- 
ther adrenalectomy or chemotherapy or both. At this time 
we believe that adjuvant chemotherapy for all patients 
has showed no real advantage over the program of the use 
of palliative chemotherapy following either adrenal- 
ectomy failure or relapse. In addition, our 14 patients in 
continued adrenalectomy remission have thus far been 
spared the side effects of chemotherapy, the frequent 
blood counts required, and the added expense. Although 
the routine combined use of chemotherapy and endocrine 
ablation has the obvious rationale of utilizing chemothera- 
peutic agents at a time when the disease may be less ad- 
vanced, the overall clinical data in this study do not ap- 
pear to demonstrate any statistical benefit from this 
approach. 

Encouraging studies utilizing biochemical means to dis- 
tinguish tumor response to endocrine ablation by measur- 
ing urinary steroids, estrogen receptor activity, steroid 
sulfurylation, or prolactin suppression by levodopa have 
all recently been reported. Some of these laboratory 
means for the selection of the most appropriate palliative 
therapy for an individual patient are clearly important 
tools for the future, but experience with these methods is 
too recent for critical analysis at this time. Some of these 
factors should certainly be studied in all patients prior to 
the selection of palliative therapy for patients with “re- 
current” breast cancer, if biopsy material is accessible. 
This approach to patient selection, combined with clinical 
criteria, should further increase the response rates we 
have observed in this series. We are unwilling to utilize 
these assays for case selection at this time since additional 
laboratory data are needed to better define their role. 


Nonproprietary Name and 
Trademarks of Drug 


Levodopa—Benodopa, Bio-dopa, Dopar, Larodopa. 
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Editorial Comment 


The authors have generated a well-written retrospective analy- 
sis of their institutional experience with adrenalectomy for carci- 
noma of the breast. They have, however, challenged generally ac- 
cepted dogma by suggesting that the free interval has little 
relationship to a response, finding no correlation of benefit from 
oophorectomy with subsequent response to adrenalectomy, and 
observing that youth diminished the likelihood of response. 

JEROME J. DECossE, MD 
Milwaukee 
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Hemipelvectomy 
Harold O. Douglass, Jr., MD; 

Mohamed Razack, MD; E. Douglas Holyoke, MD 


Hemipelvectomy was performed in 50 patients with malignant 
neoplasms of the upper part of the thigh and pelvis. Although not 
technically difficult, the operation is associated with considerable 


blood loss. Postoperative complications are frequent, the greatest 


morbidity resulting from skin flap necrosis. Symptomatic phantom 
limb is an occasional late problem. 

Of 37 patients resected for cure prior to 1969, 14 were alive five or 
more years postoperatively. Five of these long-term survivors subse- 
quently died of metastases. Patients with fibrosarcoma and chondro- 
sarcoma had the best survival. Six other patients underwent pallia- 
tive hemipelvectomy for intractable pain, with gratifying results. 
Hemipelvectomy is an important, useful operative procedure in se- 


lected patients. 


emipelvectomy ranks high on the list of disabling and 
disfiguring major ablative surgical procedures per- 


_ formed for cancer. Although it can be performed either as 


a curative or as a palliative procedure, only selected pa- 
tients with malignant disease of the pelvis and upper part 
of the thigh are truly suitable candidates. A review of 50 
hemipelvectomies performed at Roswell Park Memorial 
Institute during the two decades between January 1953 
and December 1972 provides some insight into proper pa- 
tient selection and the benefits and morbidity that can be 
anticipated. 


PATIENT POPULATION 
Of the 50 patients, 32 were over the age of 40 years while the re- 


- maining 18 were younger: 0 to 10 years (one), 11 to 20 years (four), 


21 to 30 years (four), 31 to 40 years (nine), 41 to 50 years (11), 51 to 
60 years (ten), and 61 to 70 years (11). Hemipelvectomy was not 


= performed in patients over 70 years of age. There were 29 males 


and 21 females in the group. 

A histologic diagnosis was established in all patients before sur- 
gery was undertaken. The majority had tumors of mesothelial ori- 
gin. Seven patients were admitted with liposarcoma, seven with 
rhabdomyosarcoma, and six with chondrosarcoma. Osteogenic 
sarcoma, fibrosarcoma, and synovial cell sarcoma were each pres- 
ent in three patients, while two had malignant neurilemomas. Six 
patients had miscellaneous sarcomas: malignant fibrous xan- 
thoma, malignant hemangioendothelioma, alveolar cell sarcoma, 


= leiomyosarcoma, recurrent fibroma, Ewing sarcoma. 





Of tumors arising from epidermal or glandular origins, there 
were five melanomas and three squamous cell carcinomas. Three 
patients had metastatic renal cell carcinomas, one had: a meta- 
static thyroid tumor, while the fifth had a local recurrence-of an 
adenocarcinoma of the cecum. 
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MODIFICATIONS OF PROCEDURE 


Some variation of the classical hemipelvectomy procedure’ was 
indicated in almost every patient. Lines of incision often de- 
pended on the location of previous biopsy examinations and the 
position and extension of the tumor. The level of vessel ligation 
varied from common iliac, at the bifurcation of the aorta, to com- 
mon femoral (below the inferior epigastric artery and vein), with 
the lower levels of ligation more commonly utilized when the tu- 
mor arose posteriorly. 

Blunt retroperitoneal dissection was utilized to expose and pro- 
tect the ureter and the rectum but, on occasion, the peritoneum 
was opened to permit extension of the procedure with resection of 
intraperitoneal organs. When the tumor was located anteriorly, 
the retroperitoneal dissection was less extensive and a segment of 
ilium was often left on the sacrum to later support a belt or pros- 
thesis. 


BLOOD LOSS 


Total blood replacement during the operation and postoperative 
period averaged 8 units (4,000 ml). The average amount of blood 
administered during the operative procedure was 5 units, al- 
though occasionally as little as 1 unit was required. One patient 
required 16 units (8,000 ml) of blood replacement. The usual prac- 
tice has been to have 6 units of blood cross matched for the patient 
and the blood bank requested to have 6 additional units of type- 
specific blood available. 

Another 2 units of blood was usually administered in the recov- 
ery room. A further unit was required later in the postoperative 
period when hemolysis of. the transfused blood left the patient 
anemic and poorly tolerant of the rehabilitation program. 


COMPLICATIONS OF SURGERY 


Avascular slough of skin flaps was a complication that 
occurred in the majority of patients following hemi- 
pelvectomy. Forty patients (80%) had some problem with 
skin flaps. The longer the duration of the surgical pro- 
cedure, the greater the incidence of skin flap slough. 
Flap necrosis occurred in 13 of 15 patients in whom the op- 
erative procedure was of more than four hours’ duration 
(Table). Only five of 22 patients in whom the operation 
was performed more quickly than average had these prob- 
lems. 

The extent of necrosis was sufficient to require debride- 
ment in the operating room in 26 patients. In three of 
these, this procedure had to be repeated. Eventually, ten 
patients required skin grafting to complete healing. In 14 
patients (28%), superficial flap necrosis was associated 
with infection. The bacteria isolated from these infected 
individuals included Proteus and Pseutlomonas species and 
Staphylococcus aureus. Systemic antibiotics were neces- 
sary to control these infections. 

The urethra was injured in two patients, both males. All 
patients had Foley catheters inserted into the bladder 
preoperatively. This permitted urethral injuries to be 
promptly recognized and repaired by direc} suture and a 
temporary suprapubic cystostomy. 

Postoperative pneumonia occurred in seven patients, all 
of whom were 60 years of age or older. Three patients de- 
veloped postoperative ileus, but responded well with con-¢ 
servative management. In one patient, ligation of the in- 
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Survival of patients with various malignant tumors treated by 
hemipelvectomy. 


ferior vena cava was recognized during the procedure and 
corrected with an autogenous vein patch graft. 


HOSPITAL STAY AND REHABILITATION 


On an average, hemipelvectomy required a four-week 
hospitalization. In this series, the shortest postoperative 
hospital stay was ten days and the longest was eight 
weeks. Patients requiring prolonged hospitalization were 
those in whom wound necrosis or infection required de- 
bridement and skin grafting. A few patients were dis- 
charged from the hospital with wounds to be healed by 
secondary intention. These took three to four months for 
complete healings 

Physical therapy was initiated in the immediate postop- 

° erative period. Most patients (45 cases) walked well with 
crutches. Only four patients had artificial limbs con- 
structed. One was immediate, fitted at the time of sur- 
egery. One of these four patients discarded his prosthesis, 
_ preferring to use the crutches. 
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No. of Cases 
in Each Interval 


* Refers to patients with skin flap necrosis extensive enough to re- 
quire surgical debridement. 


PHANTOM LIMB 


Fifteen patients had substantial phantom limb symp- 
toms of an intensity sufficient to require treatment. Eight 


were well controlled with sedatives, but seven patients — 
had more severe symptoms with onset less than a month 


after surgery. In these latter patients, management was 


very unsatisfactory. Exploration for neuromas and re-re- 
section of nerve endings was unrewarding. Even chemical — 


rhizotomy with alcohol was not helpful. 


SURVIVAL 


Six of seven liposarcomas arose in the upper part of the 


thigh, while the seventh occurred in the buttock. One pa- 


tient, alive ten years after hemipelvectomy, has developed =~ 
a second primary malignant neoplasm in her breast. A 






rP 


second patient is alive and free of tumor more than two ` 


years postoperatively. Two of the three patients who died 
of causes unrelated to liposarcoma had fatal myocardial 
infarctions. Two other patients died of metastases. 


Of the seven patients with rhabdomyosarcomas, one is — 


alive and free of disease 11 years after resection. Two pa- 
tients were found to have a second primary tumor within 
two years after surgery. Both developed adenocarcinomas 
of the stomach. At autopsy, one had no evidence of recur- 
rent rhabdomyosarcoma, but the other had pulmonary me- 
tastases. Four patients died as a result of pulmonary me- 
tastases that developed within 18 months of surgery. Once 
metastases were evident in these patients, none were suc- 
cessfully palliated by chemotherapy. However, one of 
these patients also developed a wound recurrence that did 
show a short-lived response to the combination of dac- 
tinomycin and radiation therapy. | 

Of the six patients treated by hemipelvectomy for 
chondrosarcoma, one is alive for more than 15 years. Two 
patients who died two and five years after resection had 
no evidence of sarcoma at autopsy. The remaining three 
patients died with pulmonary metastases three, four, and 
11 years after surgery. 

None of the three patients with synovial cell sarcoma 
were cured. One who developed pulmonary metastases 
within six months of surgery, underwent thoracotomy and 
excision of the pulmonary metastases followed by sys- 
temic chemotherapy. She is currently alive three years af- 
ter hemipelvectomy, but recently recurrent pulmonary 
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metastases have béen discovered. A second patient devel- 
oped pulmonary metastases nine months after hemipelvec- 
tomy, but responded well to chemotherapy. He died two 


-= years later as æ result of an acute myocardial infarction. 


The third patient was free of disease for two years, then 
developed chest wall metastases. These were locally ex- 
cised. He did well the next 4% years before dying from 
pulmonary metastases. 

Three patients were treated by hemipelvectomy for fi- 
brosarcoma. One patient is alive 11 years later and a sec- 
ond is alive after five years, both free of disease. Resec- 
tion in the third patient was performed two years ago, 
and there has been no evidence of tumor recurrence. 

Hemipelvectomy was performed on three occasions for 
osteogenic sarcoma. In one patient with pulmonary me- 
tastases, a palliative hemipelvectomy was performed for a 
fungating tumor of the ilium, associated with excruciat- 
ing pain unrelieved by narcotics. This patient, and one 
other, died of pulmonary metastases within two years. A 
third patient, whose ilial osteogenic sarcoma occurred 


_ within the field treated by high-dose radiation therapy for 


a carcinoma of the cervix 20 years earlier, is alive after 
two years, free of metastases. 

Six resections were performed for miscellaneous sar- 
comas. The patients with hemangioendothelioma, leio- 
myosarcoma, and alveolar cell sarcoma are still all alive 
five to eight years posthemipelvectomy. The patient with 
alveolar cell sarcoma developed pulmonary metastases 
four years after resection. These were treated by pulmo- 


nary lobectomy and adjuvant immunotherapy. Further re- 


currences have developed. The other two patients are free 
of disease. 

The patient with malignant fibrous xanthoma devel- 
oped pulmonary metastases and died within one year. The 
patient with a recurring fibroma was free of disease when 
last seen, but died of unknown causes. The patient with 
Ewing sarcoma treated by hemipelvectomy had pulmo- 
nary metastases at the time of resection. Postoperatively, 
he was treated with a bischloroethylnitrosourea and vin- 
cristine sulfate and did well for the next three years. 
Eventually the lesions progressed and he died from gener- 
alized disease. 

Squamous cell carcinomas have been treated by hemi- 
pelvectemy on three occasions during these two decades. 
One patient is alive and well 12 years after a surgery fora 
massive squamous cell carcinoma of the groin. Two pa- 
tients had painful, extensive squamous cell carcinomas of 
the vulva that were locally advanced and invading the pu- 
bic bone. Both did poorly. The only postoperative death in 
this series occurred in one of these women, on the sixth 
postoperative day, due to septicemia. The other patient 
was dead within one year with generalized metastatic car- 
cinoma. 

‘Hemipelvectomy was performed for locally advanced 
malignant melanoma of the proximal part of the lower ex- 
tremity in five patients. Most of these had extensive satel- 
litosis in the skin and subcutaneous tissues of the thigh 
and leg. None showed evidence of distant disease. Two 
were dead within three months after surgery, with wide- 
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spread metastases. One patient had a local recurrence six 
months following resection, but this remained stationary 
for three years after treatment with dacarbazine (di- 
methyltriazenoimidazocarboxamide), dactinomycin, and 
immunotherapy. He died from generalized disseminated 
metastatic melanoma four years following ablative sur- 
gery. The remaining two patients each survived nearly 
three years. 

Five palliative hemipelvectomies were performed for 
severe pain as a result of locally recurrent or metastatic 
adenocarcinoma in the pelvis and hip, inadequately con- 
trolled by analgesics. Three patients with renal cell car- 
cinoma had painful lytic lesions six, four, and two years 
following nephrectomy. All three patients had good pain 
relief. One is still alive three years after hemipelvectomy. 
The others died from metastatic disease 12 and 18 months 
following surgery. 

One patient treated by extended hindquarter resection 
for a painful massive local recurrence following right 
hemicolectomy for adenocarcinoma of the cecum, devel- 
oped a severely painful phantom limb. He died from 
pulmonary embolism one year following his palliative 
resection. 

The fifth patient underwent hemipelvectomy for a very 
painful lytic lesion in the ilium five years following thy- 
roidectomy for adenocarcinoma. She had good pain relief, 
but died three years later from disseminated metastases. 


COMMENT 


Of 43 patients resected for cure, 37 were operated on 
more than five years ago. Of the total of 14 patients (38%) 
alive more than five years, only nine (24% of the total) 
could be considered probably cured. The remainder either 
had already developed metastases by the fifth year or 
would develop them within the next few years. An addi- 
tional five patients who died within five years of resection 
were proved by autopsy to have no residual cancer. Life 
table calculations reveal a five-year surivival of 32%, with 
20% alive at ten years (Figure). 

Patients with chondrosarcoma have been noted to re- 
ceive the greatest benefit from hemipelvectomy.’ This 
series confirms that report, with five of six patients sur- 
viving five years. That three of these survivors eventually 
developed metastases, leaving only one patient to receive 
long-term benefit from the procedure, is more typical of 
the usual results of the treatment of this malignant neo- 
plasm.’ 

Two of three patients with fibrosarcoma were among 
the long-term survivors. This group of five-year survivors 
included one patient each with liposarcoma and rhab- 
domyosarcoma and the patient in whom a squamous cell 
carcinoma had arisen in the groin. The patients with 
leiomyosarcoma and hemangioendotheltoma were also 
free of disease at five years, but one patient, each, with al- 
veolar cell sarcoma and with synovial cell sarcoma, were “ 
living with metastases by this time. 

Seven patients were treated by hemipelvectomy as a 
palliative measure. In six, the indication was excruciating ° 
pain that had failed to yield to pharmacologic or neuro- | 
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surgical attempts to provide analgesia. Hemipelvectomy 
had not been expected to alter the course of their disease, 
but the return to a nearly pain-free existence left them 
gratified with the results. The seventh patient had pulmo- 
nary metastases present on the preoperative chest roent- 
genogram, but these were not recognized as such until 
their postoperative enlargement made the diagnosis 
obvious. 

It is somewhat optimistic to expect that many patients 
with recurrent melanoma or satellitosis would be cured by 
a radical extirpative procedure. If one compares our re- 
sults of hemipelvectomy to those reported for perfusion 
chemotherapy,’ it becomes apparent that retention of the 
extremity is not the only advantage to perfusion. Mela- 
noma is probably a systemic disease by the time that ex- 
tensive cutaneous involvement distal to a lymphadenec- 
tomy becomes apparent; strictly surgical approach in this 
situation must properly be considered palliative. The re- 
sults suggest that if hemipelvectomy is required, cure will 
not be attained. 

The development of subsequent second primary tumors 
is noteworthy, particularly since both patients with rhab- 
domyosarcomas developed gastric adenocarcinomas. The 
patient with the liposareoma who developed an adeno- 
carcinoma of the breast ten years after hemipelvectomy is 
currently alive without recurrence of either tumor. She 
demonstrates the need for continuing surveillance of 
long-term survivors. 

Phantom limb remains an enigma. In those patients in 
whom these symptoms are disabling, exploration for neu- 
romas, neurosurgical procedures for pain relief, and the 
use of analgesics and sedatives have not given satisfac- 
tory relief. Prevention of addiction is a major problem. 
One must be watchful for localized pain in the skin flaps, 
not associated with phantom limb. Reexploration of the 
wounds of these patients can be rewarded by the finding of 
neuromas, locally recurrent tumor, or other treatable 
causes of pain. 

Skin flap necrosis, the single most important cause of 
prolonged hospitalization after hemipelvectomy, remains 
a problem. Theoretically speaking, this should occur less 
often when the common femoral vessels are ligated distal 
to inferior epigastric branch of the external iliac arteries. 
The anterior flap is then nourished and drained by infe- 
rior epigastric vessels while the posterior flap receives 
blood supply from iliolumbar and lateral sacral arteries 
and preserved branches of the superior gluteal artery, all 
from the posterior division of the hypogastric (internal 
iliac) artery. Recently, intravenous injection of fluorescein 
dye at the conclusion of the resection just prior to closure, 
with visualization of the wound edges under an ultraviolet 
light, has resulted in the revision of flaps based on their 
vascularity and æ reduction in the magnitude of the prob- 
z lem of skin flap necrosis. When necrosis does occur, hospi- 

tal stay and the duration of morbidity can often be short- 
ened by early debridement and skin grafting. 

Technically speaking, hemipelvectomy is not a very 
*complicated operation. Hemorrhage, when it occurs, arises 
_ primarily around the urethra and from the iliosacral tran- 
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section. Although it might seem desirable to divide the ar- 
tery to the extremity early in the procedure and then te 
elevate the extremity before venous ligation in order te 
reduce the number of blood transfusions needed, we have 
preferred to ligate the vein first to restrict the dis- 
semination of free-floating tumor cells mobilized by ma- 
nipulation of the extremity. This may result in the loss of 
an additional unit or more of blood into the extremity be- 
tween venous ligation and arterial isolation. Lymph node 
metastases are uncommon in sarcomas. If vascular divi 
sion is performed at the common femoral level and en- 
larged iliac lymph nodes are encountered, these can be 
easily dissected away from the vessels and left on the 
specimen. We have not been able to attach a prognostic 
significance to the presence or absence of metastatic sar- 
coma in iliac lymph nodes. 

Postoperative respiratory problems are rare. Ileus is sel- 
dom a problem since the peritoneum is entered only for 
extended procedures. Patients are alert and out of bed the 
following day, with crutch training beginning soon there- 
after. 

Rehabilitation of patients with hemipelvectomy begins 


. 
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in the early postoperative period. Independent crutch- — 


walking should be accomplished in the majority of pa- 
tients within a week. Limb prostheses are cosmetic rather 
than functional and have generally not been well received, 
except by patients highly motivated to retain the normal 
cosmetic appearance. Elderly patients may develop a se- 
vere scoliosis after hemipelvectomy, and a prosthetic 
socket for balance when sitting is of great benefit and 
comfort to patients of all ages. | 

In spite of the morbidity of the operation, hemi- 
pelvectomy can provide survival of five years or more for 
32% of patients in whom lesser procedures might offer no 
benefit. Approximately 20% of the patients are ultimately 
cured of their malignant neoplasms. 

For a few patients with severe pain confined to one side 
of the pelvis or to one hip, unresponsive to narcotics and to 
neurosurgical intervention, hemipelvectomy can provide 
dramatic palliation. 


Nonproprietary Names and Trademarks of Drugs 


Dactinomycin—Cosmegen. 
Vincristine sulfate—Oncovin. 
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Retrograde Aortic Perfusion 


| by Partial Cardiopulmonary Bypass 


_ Effect of Mixing on Measured Arterial Oxygen Tension 


_ E. Lawrence Hanson, MD; John L. Lehr, PhD; Christian W. Stetz; 


Jeffrey A. Kelman, MD; Jacques Bonnet-Eymard, MD; Philip A. Drinker, PhD 


Partial venoarterial bypass with return of oxygenated blood to the 
femoral artery can produce mixing in the aorta of the blood from the 
oxygenator and left ventricular sources at flow rates of less than 
50% of the total body flow. This was observed in six anesthetized 
sheep with normal lungs maintained on controlled ventilation on par- 
tial cardiopulmonary (venoarterial) bypass. The evidence of mixing 
increases with the extracorporeal flow rate, reaching the aortic arch 
in a majority of cases at the higher rates. Management of bypass and 
the interpretation of its effects depend on definite knowledge of the 
presence or absence of mixing. Partial bypass will raise the arterial 
oxygen tension (Pao.) of the blood continuing to flow through the 
lungs. This effect is independent of mixing (Pao,) and may be related 
either to the addition of oxygen to the blood or to an enhanced pul- 
monary ventilation-perfusion relationship. 


servations during partial venoarterial bypass in 
patients with acute respiratory insufficiency have in- 


dicated an improved arterial oxygen tension (Pao,) mea- 


sured in the radial artery.' At least three different mecha- 
nisms can be suggested for this improvement, which 
might or might not reflect improved respiratory function 
of the lungs: (1) increased oxygen content in venous blood; 
(2) an increased ratio of ventilation to perfusion; and (3) 
blood from the oxygenator mixing in the aorta with blood 
from the left ventricle. 

An argument can be made for each of these sugges- 
tions, and all could contribute to the rise in Pao,. In work 
with patients undergoing bypass for pulmonary support it 
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may be sufficient to accept a rise in Pao, as an indication 
of improved oxygen transport, but to define the physi- 
ologic effects of partial bypass there must be a better un- 
derstanding of what such a rise in Pao, represents. This 
experiment was addressed to the quantification of the 
third possibility and the definition of conditions under 
which retrograde perfusion of the aorta could occur. 


METHODS 


Six sheep weighing 32 to 47 kg were anesthetized with chlora- 
lose and pentobarbital sodium injected into an external jugular 
vein. The sheep’s head was kept elevated to prevent aspiration of 
rumen contents while the trachea was isolated and cannulated. 
The animal was then placed supine; a 0.6-cm tube was inserted 
through the abdominal wall into the rumen and drained by grav- 
ity to prevent bloating. Ventilation was maintained with room air 
(except during measurement of oxygen consumption, when 100% 
oxygen was used) by a piston ventilator, operated with a positive 
end-expiratory pressure of 5 cm H,O. 

The venoarterial bypass was carried out by passing the venous 
cannula through the right jugular vein into the right atrium and 
the arterial cannula into the left femoral artery. Standard venous 
and arterial cannulas for cardiopulmonary bypass were used. 
Blood drained by gravity from the right atrium through 1.3-cm 
clear plastic tubing through two 3-sq m oxygenators (Lande-Ed- 
wards) connected in parallel, into a collapsible reservoir bag. A 
roller pump returned the biood to the sheep from the reservoir 
through a heat exchanger, flowmeter, and arterial filter. 

The right femoral artery was cannulated with a 71-cm plastic 
catheter that was marked to indicate (1) the aoftic arch, (2) the « 
level of the diaphragm, and (8) the abdominal aorta. The left ven- 
tricle was cannulated from the right carotid artery. A Swan-Ganz 
catheter was passed via the right femoral vein into a pulmonary 
artery branch and was used to obtain pulmonary artery pres-® 
sure, pulmonary artery blood gas samples, and pulmonary wedge _ 
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pressure. Oxygen consumption was measured while the sheep 
breathed 100% oxygen using a closed balloon-and-box apparatus. 
‘The volume change was measured over three minutes and was 
corrected to standard temperature and pressure, dry. (Care must 
be taken to make this measurement during 100% oxygen breath- 
ing only, since nitrogen will be removed from the blood by the 
oxygenators and can appear in the differential volumes measured 
by the spirometer as factitious oxygen consumption.) The arterial 
and mixed venous sample obtained during determination of oxy- 
gen consumption were measured for content using an electrolytic 
cell analyzer. 

The extracorporeal flow rate was varied during the experiment 
over a range of 0.5 to 2.5 liters/minute in each of the sheep. At 
each new flow rate, a ten- to 15-minute period was allowed for the 
establishment of a steady hemodynamic state, and samples were 
taken simultaneously from the left ventricle (LV) and the aortic 
arch. The catheter was then repositioned to obtain samples, first 
from the level of the diaphragm, and then from the lower part of 
the abdominal aorta. A sample was drawn from the oxygenator 
outflow line simultaneously with that taken from the low sight in 
the abdominal aorta. The aortic samples were designated-high (h), 
middle (m), and low (1). The oxygen tension (Po,), carbon dioxide 
tension (Pco,), and pH were measured on each sample immedi- 
ately, and an index of mixing was calculated by the formula 


Po: (h, m, or 1) — Po: (LV) - 
Po: oxygenator arterial — Pos (LV) 


This index represents the mixing fraction when the Po, values are 
greater than 70 mm Hg (saturation greater than 90%) and 


changes in oxygen content with Po, are nearly linear. At Po, val- 


ues less than 70 mm Hg, this index underestimates the actual mix- 
ing fraction; however, this does not restrict its use as an indicator 
of whether or not mixing has occurred. 

The flows were calculated as a ratio of extracorporeal flow to to- 
tal flow (Qec/Qt). The Fick equation was used to determine the 
flow through the pulmonary circulation (Qp) and total flow was 
calculated by the following formula: Qt=Qec + Qp. 


RESULTS 


The Po, measurements for the individual sheep are 
shown in the Table. These five measurements of Po, listed 
for each sheep correspond to the sampling sites illustrated 
in Fig 1. All of the samples drawn from the lower part of 
the aorta are higher than the values obtained more proxi- 
mally at the same flow and correspond to the samples 
drawn simultaneously from the oxygenator outflow line. 

When the sheep are divided into groups that show evi- 
dence of mixing or nonmixing at each of the three sam- 
pling levels, it can be seen that mixing is almost complete 
in the lower part of the aorta at all flow rates. This is 
graphically shown in Fig 2. Two of the sheep, 3 and 6, 
show minimal mixing in the distal part of the aorta at low 
flow rates, whereas the others show almost complete mix- 
ing at comparable fiow rates (Table). 

Measurements at the level of the diaphragm in two 
sheep, 4 and 5, shew mixing but not until 40% to 50% of the 
total flow is going through the oxygenators (Table). The 


first sheep was atypical in that a small amount of mixing, 


is shown at a flow ratio of 35%, but no mixing is evidenced 
at the subsequent increased flow. Figure 2 illustrates that 
enixing is seen at the level of the diaphragm in half of the 
sheep when the flow ratio is 50% and increases as the ex- 
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Measurements of Po, at Various Flow Ratios, With 
Calculated Index of Mixing 





Left Index of Mixing 

Sheep Flow Ven- Oxygen- —— 
No. Ratio* tricle High Middle Low ator High Middle Low 
1 0.26 86 74 73 420 420 +0 0 1.00 
0.35 102 102 108 420 405 O view Oo 


0.72 100 98 98 350 423 0 0 0.77 
2 0.227" 67 “GF 65. 460... O 0 1.00 
0:36: < 73" 73," 70 7 Sao ..3.. O 0 1.00 
0:56 » 82 JA a 78 2a0" ins 0 0 1.00 
0.65.75) ZO 87 240 250 0 0.07 1.00 
0.75". 73 JE aZesug10. 200: ‘0 0.42 1.00 
3 0:20. 72 “FO2+-. 66; 150. Siz 0 0 0.18 
O43 106 96 93 425 447 O0 0 1.00 


381 380 0 0.41 1.00 
484 460 0.91 1.00 1.00 


430 455 0O 0 0.93 
380 412 0 0 
380 390 0.02 0.61 1.00 
0.59 114 122 325 342 340 0.04 0.93 1.00 
0.85 146 328 312 295 291 1.00 1.00 1.00 


5 0.25; 36 “54 54 400 600 O 0 0.63 
0.50 70 81 117 390 370 0.04 0.16 1.00 
0.75 101 210 215 215 230 0.85 0.88 0.88 
0.80 107 255 250 255 240 1.00 1.00 1.00 
6 0:33... 55° "(56 50 85 420 0 0 0.08 
0.68 58 55 64 295 290 O 0.03 1.00 
0.97 64 117 220 220 210 0.36 1.00 1.00 


0.58 116 100 225 
0.69 134 429 462 
4 0:13:.-10f. iG3 98 
0.28 107 103 104 
0.43 100 105 278 











* Flow ratio = extracorporeal flow/total flow. 


tracorporeal flow is increased until all show mixing at 
flow rates greater than 75%. In the aortic arch there is less 
mixing, but the same increase is seen as the flow ratio 
rises (Fig 2). 

Figure 3 shows the effect of venoarterial bypass on the 
cardiac output. The initial measurements were taken at 
extracorporeal flow rates varying between 11 and 21 
ml/kg/min. The pulmonary blood flow measured at these 
flow rates varied from 25 to 79 ml/kg/min, and in every 
instance there is a decrease in blood flow to the lungs as 
extracorporeal flow is increased. The tendency is for the 
total body flow to remain unchanged while the pulmonary 
flow decreases with rising extracorporeal flow. 

In all of the animals there was a tendency for the Po, 
level to increase with increasing flow (Table). This was 
measured in the left ventricle and was, therefore, thought 
to be independent of any mixing in the aorta. This is illus- 
trated in Fig 4 as percent increase in Po,. When half of 
the total body flow is taken, (Qec/Qt =0.50), the Po, value 
rises, and the range increases from 6% to 32% higher than 
that obtained at the initial flow. Increasing the ratio 
above 0.70 causes a further increase, rising as much as 46% 
to 48% in two animals measured at this level. 


COMMENT 


These experiments illustrate the variability of retro- 
grade perfusion of the aorta when expressed solely as a 
function of flow fraction, and the site of mixing cannot be 
predicted from the simple flow measurements made in 
this experiment. The ratio of extracorporeal flow to total 
body flow, nevertheless, correlates roughly with evidence 
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Fig 2.—Low: All six animals show evidence of mixing in iliac ar- 
tery. Middle: Half show evidence of mixing in aorta at level of dia- 
phragm when 25% to 50% of flow is deviated to oxygenator. All 
show mixing when 75% of cardiac output is diverted. High: Mixing is 
less in distal part of aortic arch, but half show mixing when 50% to 


Fig 1.—Five sampling sites (asterisks) and cannulas for venoarte- 75% of flow goes to oxygenator. 


rial bypass. 
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Š _ of mixing, which increases as the flow ratio increases, but sues, other than that distal to the sampling site, because * 

~. it must be concluded that a blood sample taken from aortic mixing may be taking place. 

a branches of the aortic arch (radial artery) cannot be con- Therefore, a valid assessment of respiratory function 

a sidered representative of either respiratory function (the cannot be made with certainty while on bypass, unlesse 

_ contribution of the lungs) or the blood supply to the tis- blood is sampled from the left atrium or ventricle. Left 
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atrial catheters are commonly left in place following car- 
diopulmonary surgery, and such a catheter has proved 
useful in the clinical management of one case during long- 
term pulmonary bypass.’ More commonly, such informa- 
tion will be obtainable only by retrograde passage of a 
small catheter into the left ventricle. Others have carried 
out such monitoring for prolonged periods with no prob- 
lems.’ 

Hill et al‘ have shown in man that the oxygenated in- 
flow to the femoral artery does not mix with blood that 
reaches the radial artery when indocyanine green is used 
as an indicator. Figures by Hill et al indicate that the 
Qec/Qt ratio in the patient studied is 0.32. None of the 
sheep in this experiment showed evidence of mixing at 
this flow, which suggests that our data are consistent with 
the findings of Hill et al in patients. 

Soeter et al’ have further suggested that a lack of mix- 
ing may be detrimental when venoarterial bypass is used 
to support respiratory failure because the upper part of 
the body continues to be perfused with inadequately oxy- 
genated blood from the lungs. Certainly in severe cases, 
the blood remaining in the pulmonary circulation may not 
be sufficiently oxygenated. In such a situation, if near-to- 
tal bypass (greater than 80%) cannot be achieved, a more 
proximal inflow (ie, axillary artery) may be desirable. 
Kanarek et al® recently made the same observation with 
radionuclide imaging during bypass. 


What appears to be improvément in respiratoyy func- 
tion has been observed in patients undergoing long-term 
bypass,” but has not previously been shown to relate to ex- 
tracorporeal flow. The rise in Pao, may simply be a conse- 
quence of a rise in venous Po, (Pvo.) resulting from im- 
proved oxygen transport to previously hypoxic tissues. 
However, this is not always observed’ amd there is another 
mechanism that may be equally import&nt. The: decrease 


in pulmonary flow may alter ventilation-perfusion ratios— ES. 


by selectively decreasing blood flow to portions of the lung 
that are poorly ventilated. There is clinical evidence to 
support the suggestion that perfusion is selectively de- 
creased to unventilated areas of the lung.’ The result of 
decreasing pulmonary perfusion may be to reduce the 
physiologic “shunt fraction” and raise Pao, values. This 
supposition is further supported by evidence from the ex- 
periments of Corso et al,* who showed that venoarterial 
bypass decreased the elevated pulmonary arterial pres- 
sure seen in baboons following lung autotransplantation. 
This change was accompanied by an improved compliance, 
possibly indicating that interstitial pulmonary water was 
also decreased. 


This investigation was supported by Public Health Service grants 
1P01HL14322-01 and 1P01HL14322-02; the Peter Bent Brigham Hospital 
General Research Support Fund; and a special fellowship from the National 
Heart and Lung Institute (E.L.H.). 
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_ During a two-year period, nine patients received equine anti- 
“ie lymphocyte globulin (ALG) as part of their immunosuppressive ther- 
= apy following cadaver renal transplantation. Of these, three patients 
= (33%) developed nephrotic syndrome. A fourth patient had protein- 
uria greater than 3 gm/24 hr not attributable to recurrent disease or 
rejection. Of 32 other patients with cadaver renal allografts done 
during the same time, none had nephrotic syndrome and two (6%) 
had proteinuria greater than 3 gm/24 hr, both with biopsy evidence 
of rejection. This suggests an association between ALG therapy and 
risk for developing nephrotic syndrome, but the mechanism is not 
clear and deserves further investigation. During the first three 





months following transplantation, the nine patients treated with ALG ` 


had 20 infections, which seems to be more per patient than in our 
other transplant recipients. 


ASSE poete globulin (ALG) has been in clinical use 
since 1966 as an immunosuppressive agent to treat 
renal allograft recipients.’ It has been claimed that it is 
free of serious side effects,’ does not cause substantial re- 


nal damage,*-* and is not associated with an increased rate * 


of infection.*®- However, evidence has been presented 


~ that renal damage can be caused by ALG in mice,'?-"4 


rats,’ dogs," and monkeys."*-*? Nephritis induced in 
rats by antithymocyte serum characteristic of immune 
complex disease has been described.’ In human renal 
transplant recipients, ALG has been found to cause histo- 


r 4 _ logical glomerular damage that may or may not be accom- 
= panied by overt clinical manifestations.2':22* frank ne- 


phritis with proteinuria, or nephrotic syndrome.’ A 
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series of 18 patients treated intravenously with ALG has 
been described with development of the heterologous 
phase of nephrotoxic nephritis demonstrated by immuno- 
fluorescence. All had normal renal function, and one pa- 
tient had reversible proteinuria. Five monkeys given sim- 
ilar doses of ALG developed nephrotic syndrome and 
azotemia. 

It has been suggested that use of ALG increases the 
susceptibility to infections by viruses, bacteria, and 
fungi.” As well, there are clinical reports of increased 
viral and fungal infectious complications, using ALG. 

An early preparation of equine ALG for use in a Cana- 
dian Clinical Trial** was found to contain anti-glomerular 
basement membrane (anti-GBM) antibodies? and to pro- 
duce severe glomerulonephritis in monkeys.’® Subse- 
quently, two other lots of ALG (13-1 and 15-1) that lacked 
anti-GBM activity were prepared, and these were used at 
this hospital in nine patients. Three of these patients de- 
veloped nephrotic syndrome after transplant. The number 
of infections, particularly bacterial, seemed to be in- 
creased in the ALG-treated patients. This association be- 
tween the use of ALG as part of a multi-drug immunosup- 
pressive protocol, nephrotic syndrome, and a high 
infection rate is presented. 


PATIENTS AND METHODS 


Between Jan 1, 1971, and Dec 31, 1972, 63 renal transplants were ą 
performed at the Royal Victoria Hospital. Of these, 46 were ca- 
daver allografts in 42 patients. Of the 46 cadaver allografts, 41 
were accepted for more than one month. The five graft losses at- 
tributed to technical factors were due to thrombosis of the renal® 
artery in three patients, rupture with hemorrhage of an inadvert- 
ently transplanted medullary cystic disease kidney in the fourth, ` 
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Typical glomerulus from transplant nephrectomy specimen one 
year after transplantation (case 3). Note large epithelial crescent 
with tuft adhesions and fibrosis (hematoxylin-eosin, original magni- 
fication x 300). 


and an infected vascular anastomosis in the fifth patient. The 
original disease was glomerulonephritis in 24 patients, polycystic 
kidneys in eight, pyelonephritis in two, diabetic nephropathy in 
two, nephrosclerosis in two, and Goodpasture syndrome, Fabry 
disease, analgesic nephropathy, and cystinosis in one patient each. 
The age range was 11 to 54 years, and follow-up of the patients 
ranged between one week and 30 months (mean, 15.5 months). 
Postoperative immunosuppressive drug therapy in all patients in- 
cluded daily administration of azathioprine (Imuran) (100 to 150 
mg) and prednisone dosage tapered from 100 mg starting the day 
of transplant to 15 mg one year later. Infusions of methyl- 
prednisolone sodium succinate (750 mg) were used since 1971, with 
cyclophosphamide (400 mg) added in 1972 for the treatment of all 
acute rejections. Local irradiation to the kidney (150 rads for 
three days) was used for severe rejection episodes only. No 
prophylactic antibiotics were given. 

The ALG used was prepared according to the method described 
by Taylor.*? Lot 13-1 was used in five of our patients, including pa- 
tient 1. Lot 15-1 was used in four patients, including patients 2 
and 3. The ALG was given through a large central vein in a dos- 
age of 10 to 20 mg/kg for 5 to 14 days immediately after trans- 
plant. 


REPORT OF CASES 


Case 1.—The patient was a 38-year-old man who was first seen 
in April 1969 with hypertension, congestive heart failure, and re- 
nal failure. He underwent dialysis, and a bilateral nephrectomy 
was performed in September 1969. Pathological examination 
showed end-stage kidneys with chronic glomerulonephritis of un- 
determined pathogenesis and chronic pyelonephritis. He received 
his first cadaver renal allograft in July 1970, and four days later 

~ required a transplant nephrectomy because of renal artery throm- 
bosis. A second cadaver transplant was performed in September 
1970. Six weeks later the transplant was removed because of se- 
vere acute rejection. In May 1971 he received his third cadaver re- 
nal allograft, arfd he was treated with ALG. He was discharged 
from the hospital with a creatinine clearance of 78 ml/min and a 
24-hour urine protein excretion of 0.3 gm. In April 1973 he was 
readmitted with bilateral leg edema of three months’ duration. 
©The serum albumin level was 1.82 gm/100 ml; cholesterol level, 392 
_ mg/100 ml; triglyceride level, 290 mg/100 ml; and there were oval 
fat bodies in the urine. The creatinine clearance ranged between 
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in the serum. Closed renal biopsy showed six glome 
len epithelial cells, an occasional neutrophil in- 
loops, and periglomerular fibrosis. There were a fe mononuclear 
cells in the interstitium. He was discharged from the hospital af- 
ter his condition improved with diuretic therapy. 

Case 2.—The patient was a 48-year-old m¥radmitted in June 
1970 with a blood pressure of 250/160 mm HY, Cong 
failure, and chronic renal failure. An open renal biopsy s 
proliferative arterial nephrosclerosis compatible with malignant 
hypertension. In December 1971, after six months of hemodialy- 
sis, he received a cadaver renal allograft and was treated with 
ALG postoperatively. A wound infection related to a vesicocu- 
taneous fistula, which closed by drainage, and two Pseudomonas 
urinary tract infections complicated the postoperative course. 
Five weeks after transplantation, he developed severe edema, pro- 
teinuria up to 20 gm/24 hr, and his serum albumin level fell to 1.46 
gm/100 ml. Renal function gradually deteriorated despite vigor? 
ous immunosuppressive therapy. Needle biopsy of the allograft 
four months after transplant showed mononuclear cells in the in- 
terstitium, fibrinoid necrosis of the small arteries, and a glomer- 
ulopathy characterized by endothelial and mesangial cell swelling, 
mesangial widening, and a few neutrophils. Anti-GBM antibodies 
were not detected in his serum. Five months after transplantation 
he developed a spontaneous pneumothorax and bilateral Pseudo- 
monas pneumonia, and he died in septic shock. 

Case 3.—A 53-year-old man was admitted in January 1971 for 
investigation of renal failure. His blood pressure was 188/95 mm 
Hg, he had no peripheral edema, and his creatinine level was 9 
mg/100 ml. In February i972, after two months of hemodialysis, 
he received a cadaver renal allograft from a 6-year-old child and 
was treated with ALG postoperatively. He subsequently devel- 
oped a Klebsiella pneumonia. One month later he was discharged 
with a creatinine clearance of 75 ml/min. Five months after 
transplant, he had hematuria, fever, and severe lower extremity 
edema. The 24-hour urine protein excretion ranged between 4 and 
13 gm, and the serum albumin level was 1.9 gm/100 ml. The creati- 
nine clearance now varied between 20 and 35 ml/min, and his 
urine cultures yielded Klebsiella on numerous occasions. A needle 
biopsy of the allograft one month later showed cellular rejection, 
an advanced epithelial proliferative glomerulonephritis with cres- 
cents (Figure), and a focus of acute pyelonephritis. Dialysis was 
reinstituted and a transplant nephrectomy was performed 12 
months after transplant. Immunofluorescence showed granular 
deposits of IgG and C3 along the glomerular capillary walls. 
Biopsies stained with a fluorescein-labeled antiserum to equine y- 
globulin were negative for anti-horse protein antibody. No anti- 
GBM antibodies were detected in his serum. 


RESULTS 
Incidence of Proteinuria . 


The 41 patients who successfully received cadaver renal 
allograft transplantations in 1971 and 1972 were studied 
until July 1, 1973, for proteinuria and other manifesta- 
tions of nephrotic syndrome. In 27 (66%) patients, protein 
excretion was less than 1 gm/24 hr; in 8 (20%), protein ex- 
cretion was 1 to 3 gm/24 hr; and in 6 (14%), protein excre- 
tion was consistently more than 3 gm/24 hr. When the 
same 41 transplant patients were divided into two treat- 
ment groups—one with ALG, the other without ALG—the 
following results were obtained (Table): of the nine pa- 
tients treated with ALG, four (44%) had proteinuria over 3 
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r. This group is ¢éomposed of our three patients 
tic syndrome and a fourth patient whose orig- 
inal disease\was polycystic kidney disease who had pro- 
teinuria in the range of 3.2 to 6.3 gm/24 hr, normal serum 
albumin levV4l, no edema, and no clinical signs of rejection 
eight moths after transplant. In the group of 32 trans- 
plant patients t¥gated without ALG, only two (6%) had 
/24 hr and a serum albumin level of 3.7 


= proteiny 5b 
` | ml. Both of these patients had evidence of severe 


rejection with no glomerulopathy by light microscopy on 
biopsies done during the episodes of proteinuria. 


Infectious Complications 


The nine patients who received ALG were examined for 
infectious complications. A positive culture with support- 
ing clinical and laboratory findings were the criteria set to 
diagnose an infection. The ALG-treated group of nine pa- 
tients had 20 distinct clinical infections: septicemia (two 
patients); pulmonary (five), wound (four), and urinary 
tract (four) infections; and one patient each with em- 
pyema, shunt infection, infected vesicocutaneous fistula, 
pharyngitis, and balanitis. The identifiable etiologic agent 
was bacterial in 18 instances and viral in 2. 


COMMENT 


The nephrotic syndrome is defined as massive protein- 
uria, hypoalbuminemia, and edema.” Our three patients 
meet these criteria. Proteinuria greater than 3 gm/24 hr 
has been described in nearly one third of a series of kidney 
transplant recipients.** In our 32 cadaver kidney recipi- 
ents who did not receive ALG, only two (6%) developed 
proteinuria over 3 gm/24 hr, and neither had substantial 
glomerular damage by light microscopy. This difference 
between the series of Harlan et al** and our series could be 
due to differences in posttransplant immunosuppressive 
therapy, or a shorter follow-up in our cases. Of our nine 
patients treated with ALG, three (33%) developed ne- 
phrotic syndrome with urine protein excretion between 13 
and 22 gm/24 hr on repeated occasions, serum albumin 
level below 2 gm/100 ml, and edema. This unusual inci- 
dence of nephrosis could be related to the four principal 
causes for postrenal transplant nephropathy. The first 
possibility is ALG nephritis due to anti-GBM antibodies 
or immune complex deposition in the glomeruli. Lind- 
quist et al described both subendothelial and subepithe- 
lial deposits in the rat kidney after treatment with ALG. 
The second cause is recurrent glomerulonephritis. This 
diagnosis requires that the original disease be known and 
the recurrent disease be similar.” The third cause is rejec- 
tion, which by itself can lead to glomerular damage and 
proteinuria.” Finally, renal vein thrombosis is a well-rec- 
ognized cause of nephrotic syndrome.” Considering the 
first three alternatives, rejection is a possible mechanism 
for the development of nephrotic syndrome in patients 2 
and 3. The latter patient had glomerular changes with 
crescent formation on light microscopy, which is not com- 
patible with rejection (Figure). Recurrent nephritis is a 
possible mechanism in patients 1 and 3, since the patients’ 
original disease was uncertain. However, neither patient 
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Incidence of Proteinuria and Nephrotic Syndrome 
in 41 Cadaver Kidney Transplant Patients 


No. (%) No. (%) 
of Patients of Patients 
With Proteinuria With Nephrotic 
>3gm/24hr Syndrome 


Treatment No. of 
Groups* Patients 


With ALGT 9 4 (44) 3 (33) 
Without ALG 32 2 (6) 0 


Total 41 6 3 
* Immunosuppressive protocol in both groups similar except that 


ALG is added to one. 
t Horse anti-human antilymphocyte globulin. 


had nephrotic syndrome before transplantation. If rejec- 
tion or recurrent glomerulonephritis was the main mecha- 
nism involved in posttransplant nephrosis, it would be ex- 
pected to occur in the 32 patients who did not receive 
ALG, but this was not seen. With regard to renal vein 
thrombosis as an etiologic factor, it is unlikely due mainly 
to the long delay between transplantation and the onset 
of nephrotic syndrome. Thus, it is suggested that there 
was an association between nephrotic syndrome and our 
particular immunosuppressive regimen, which included 
ALG. 

The number of infections in our ALG-treated patients 
during the first three transplant months was exceedingly 
high. Bach et al” reported a series of 15 of 51 renal trans- 
plant recipients treated with equine ALG who developed 
fungal or nocardial infections. The 11 patients with As- 
pergillus infections died, the latter organism being 
directly implicated as the cause of death in eight. Other 
clinical studies report no increase®™®™?! or even a decrease in 
the number of infections attributed to the “steroid-spar- 
ing effect of ALG.’*"° The chemical immunosuppressive 
regimen was similar in all our patients, and thus ALG 
added to the protocol could account for the high infection 
rate. While nephrotic syndrome has been shown to pre- 
dispose to infection, nephrosis in three of nine ALG- 
treated patients followed rather than preceded the nu- 
merous infectious complications. This may be important, 
since a relationship between infectious disease and ne- 
phrotic syndrome has been proposed in bacterial” and vi- 
ral infections.’ 

A major problem in the clinical evaluation of ALG in 
transplantation is the concomitant use of ancillary immu- 
nosuppressive agents. In what way these enhance or sup- 
press its side effects is unknown. Close examination of 
large clinical trials is required to answer this question. 


This investigation was supported in part by the John A. Hartford Foun- 
dation, Inc., and the Ministère de l’Education du Gouvernement du Québec. 

The ALG used in this investigation was prepared by Connaught Medical 
Research Laboratories, Toronto. 
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Vibramycin lV... 


(doxycycline hyciate ae 
for injection) =~ 

The once-a-day intravenous antibiotic 

The usual adult dosage of Vibramycin I.V. is 200 mg. on the first day 

of treatment administered in one or two infusions. Subsequent 


daily dosage is 100 to 200 mg. depending upon the severity of inféction, 
with 200 mg. administered in one or two infusions. — 
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Effective in a wide range of 

i _ Surgicalsituations | 

including bowel infections, peritonitis, | 
onephritis, cholecystiti 














pyelon : 
prostatitis, cellulitis, abscesses, 
and wounds 


WHEN CAUSED BY SUSCEPTIBLE* STRAINS OF THESE ORGANISMS 
Klebsiella pneumoniae,' Enterobacter aerogenes, Escherichia coli, Bacteroides 


*Many strains of bacteria have been shown to be resistant to tetracyclines. These include strains of 
streptococci, pneumococci, and many gram-negative organisms. Therefore, culture and sensitivity testing 
are advisable to determine the susceptibility of the infecting organism to doxycycline. 
tRespiratory and urinary infections. 





2. 

_Studies to date have indicated that 
Vibramycin at the usual recommended 
doses does not lead to excessive 
accumulation of the antibiotic in patients 
with renal impairment 


3. 
The therapeutic antibacterial serum 
activity will usually persist for 24 hours 
following recommended dosage 


i See Brief Summary on following 
P = page for information on side effects, 
a $ dosage and contraindications. 
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Vials containing doxycycline hyclate equivalent 
to 100 mg. doxycycline with 480 mg. ascorbic acid. and 
200 mg. doxycycline with 960 mg. ascorbic acid 


The once-a-day intravenous antibiotic 


niv 


A semi-synthetic tetracycline hyclate 


hyclate 








The usual adult dosage of Vibramycin I.V. is 200 mg. on the first day 
of treatment administered in one or two infusions. Subsequent 
daily dosage is 100 to 200 mg. depending upon the severity of infection, 
with 200 mg. administered in one or two infusions. 


Vibramycin® Hyclate (doxycycline hyclate) and 

Vibramycin® Hyclate I.V. (doxycycline hyclate for injection) 

BRIEF SUMMARY 

Contraindicated: In persons hypersensitive to any of the tetracy- 
clines. 

Warnings: Use of tetracyclines during the last half of pregnancy, in- 
fancy and childhood to the age of 8 years may cause permanent 

discoloration of developing teeth. This is more common during 

long-term use of the tetracyclines but has been observed following 

repeated short-term courses. Enamel hypoplasia has also been re- 
ported. Thus, tetracyclines should not be used in this age group un- 
less other drugs are not likely to be effective or are contraindicated. 
Individuals receiving tetracycline antibiotics should be advised that 

direct sunlight or ultraviolet light can cause photosensitivity reac- 
tions. If these reactions (exaggerated sunburn) occur, discontinue 

therapy. Doxycycline forms a stable calcium complex in any bone- 
forming tissue. Fibula growth has been decreased in prematures 

given oral tetracyclines 25 mg./kg. q. 6 h., but this reaction was re- 
versible when the drug was discontinued. 

The antianabolic action of the tetracyclines may cause an in- 
crease in BUN. Studies to date indicate that this does not occur 
to a significant degree with the use of Vibramycin in patients with 
impaired renal function. 

Vibramycin Intravenous has not been studied in pregnant pa- 
tients. It should not be used in pregnant women unless, in the judg- 
ment of the physician, it is essential for the welfare of the patient. 

Animal studies indicate that tetracyclines cross the placenta, are 
found in fetal tissues and can have toxic effects on the developing 
fetus. Evidence of embryotoxicity has also been noted in animals 
treated early in pregnancy. 

The use of Vibramycin Intravenous in children under 8 years is 
not recommended because safe conditions for its use have not 
been established. 

Tetracyclines are present in the milk of lactating women who are 
taking a drug in this class. 

Precautions: Overgrowth of nonsusceptible organisms may occur, 
including fungi. If such superinfections are encountered, discon- 
tinue Vibramycin and institute appropriate therapy. 

In venereal disease when coexistent syphilis is suspected, a dark- 
field examination should be done before initiating therapy. Conduct 
monthly serological tests for at least 4 months. 

Because tetracyclines depress plasma prothrombin activity, pa- 
tients en anticoagulant therapy may require downward adjustment 
of their anticoagulant dosage. 

In long-term therapy, conduct periodic laboratory evaluation of 
organ systems, including hematopoietic, renal and hepatic. 

Treat all Group A beta-hemolytic streptococcal infections for at 
least 10 days. 

Avoid giving doxycycline with penicillin because of possible inter- 
ference with penicillin activity. 

Antacids containing aluminum, calcium, or magnesium impair 
absorption and should not be given concomitantly to patients taking 
oral Vibramycin. 

Adverse Reactions: Anorexia, nausea, vomiting, diarrhea, glossitis, 


dysphagia, enterocolitis, inflammatory lesions (with monilial over- 
growth) in the anogenital region, maculopapular and erythematous 
rashes, exfoliative dermatitis, photosensitivity, urticaria, angio- 
neurotic edema, anaphylaxis, anaphylactoid purpura, pericarditis, 
exacerbation of systemic lupus erythematosus, hemolytic anemia, 
thrombocytopenia, neutropenia and. eosinophilia have been re- 
ported. Prolonged administration of tetracyclines may produce 
brown-black microscopic discoloration of thyroid glands. No ab- 
normalities of thyroid function studies are known to occur. Bulging 
fontanels have been reported in young infants on therapeutic dos- 
age but disappeared when the drug was discontinued. A dose- 
related rise in BUN has been reported. 

Oral Adult and Children’s Dosages: See the Vibramycin Oral pack- 
age insert for recommended dosage schedules for adults and 
children. 

Intravenous Dosage and Administration: Note: Rapid administration 
is to be avoided. Parenteral therapy is indicated only when oral 
therapy is not indicated. Oral therapy should be instituted as soon 
as possible. If intravenous therapy is given over prolonged periods 
of time, thrombophlebitis may result. 

The usual dosage and frequency of administration of Vibramycin 
I.V. (100-200 mg./day) differs from that of the other tetracyclines 
(1-2 Gm./day). Exceeding the recommended dosage may result in 
an increased incidence of side effects. 

Studies to date have indicated that Vibramycin, at the usual rec- 

ommended doses, does not lead to excessive accumulation of the 
antibiotic in patients with renal impairment. 
Intravenous Adult Dosage: The usual dosage of Vibramycin I.V. is 
200 mg. on the first day of treatment administered in one or two in- 
fusions. Subsequent daily dosage is 100 to 200 mg. depending on 
the severity of infection, with 200 mg. administered in one or two 
infusions. 

In the treatment of primary and secondary syphilis, the recom- 
mended dosage is 300 mg. daily for at least 10 days. 

Intravenous Children’s Dosage: The recommended dosage schedule 
for children weighing 100 pounds or less is 2 mg./Ib. of body weight 
on the first day of treatment, administered in one or two infusions. 
Subsequent daily dosage is 1 to 2 mg./Ib. of body weight given as 
one or two infusions, depending on the severity of the infection. For 
children over 100 pounds the usual adult dose should be used. (See 
“Warning” Section for Usage in Children.) 

General: The duration of infusion may vary with the dose (100 to 
200 mg. per day), but is usually one to four hours. A recommended 
minimum infusion time for 100 mg. of a 0.5 mg./ml. solution is one 
hour. Desired concentrations of the final solution should be 0.2 
mg./ml. to 0.5 mg./ml. Concentrations below 0.1 mg./ml. or above 
1.0 mg./ml. are not recommended. Therapy should be continued for 
at least 24-48 hours after symptoms and fever have subsided. The 
therapeutic antibacterial serum activity will usually persist for 24 
hours following recommended dosage. 

Intravenous solutions should not be injected intPamuscularly nor 
subcutaneously. Caution should be taken to avoid the inadvertent 
introduction of the intravenous solution into the adjacent soft tissue. 

More detailed professional information available on request. 
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` Some of the most stimulating . 
reading you'll do this month 
--the January PRISM! 


PRISM 






Alexander Solzhenitsyn e SOLZHENITSYN ON PRIVATE PRACTICE 


In a stunning chapter from his novel Cancer Ward, 
the great Russian author reveals his true feelings 
about private practice in words that might al- 
most have been spoken by a physician on Main 
Street, U.S.A. 


H. Thomas Ballantine, Jr., M.D.e WHO SHOULD CONTROL THE SCALPEL 
THAT ALTERS THE BRAIN? 


Why is it essential to keep psychosurgery out of 
the political arena? What is really meant by the 
term psychosurgery? Is it immoral to attempt to 
modify human behavior? Are special ethical prob- 
lems involved? Read this in-depth discussion on 
a very controversial issue. 


THIS MONTH: A NEW LOOK FOR PRISM 


With the January issue, in response to many 
requests from our readers, the format of 
PRISM has been re-designed so that it will be 
easier to handle, file, and carry in your brief- 
case. But this change will in no way alter the 
content or reduce the impact of the graphic 
presentation. 


Jesse L. Steinfeld, M.D.e SOLVING PROBLEMS ISN'T ENOUGH 
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Why must we learn to think beyond specific 

legislation to solve this country’s health prob- 

lems? Why is a “uniquely American national 
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health policy” essential? Don’t miss this thought- 
provoking PRISM interview with the former 
Surgeon General. 


Issac Asimov, Ph.D. e THE COMING AGE OF AGE 

A fascinating--and reassuring--look ahead to the 
not-too-distant time when oldsters will pre- 
dominate in our population. 








When the 
surgical patient 
has trouble sleeping 


Dalmané 
(flurazepam ACI) 


can ease the 


long nights journey — 
into day 


The postsurgical patient with 
insomnia may be a candidate for 
Dalmane (flurazepam HCl). It 
should be noted, however, that 
when insomnia is caused by pain, 
appropriate analgesic therapy is 
the treatment of choice. Should 
the insomnia persist after the 
pain is relieved, consider 
Dalmane. 








During the days surrounding 
surgery, a patient needs all his 
resources...and adequate sleep to 
meet a significant challenge to 
his system. Yet at this time, many 
patients — even those who 
regularly sleep well at home— 
may complain of insomnia in the 
alien hospital setting. 

To help your patients who 
experience trouble falling asleep, 
staying asleep and/or sleeping 
long enough, consider Dalmane 
(flurazepam HCl). Dalmane is a 
distinctive sleep medication 
specifically indicated for 
insomnia. Intensively investigated 
in sleep research laboratory *’ 
and other clinical®*” studies, 
Dalmane has consistently brought 
relief to patients suffering from 
insomnia,'” including hospi- 
talized surgical patients with 
trouble sleeping? "° 


patients fall asleep 
pompy sleep 
onger with a single 


h.s. dose” 


With Dalmane (flurazepam HCl), 
sleep onset occurs within 

17 minutes, on average, as 
demonstrated by physiologic 
tracings in the sleep research 
laboratory. Nighttime awakenings 
and time awake after sleep 

onset are also markedly reduced, 
and patients sleep an average 

of 7 to 8 hours on a single 30-mg 
dose!414.15 —an advantage 
especially important in the 
hospital. 


effectiveness 
continues night 


2-7,9,10 


after night; 
a benefit after 
hospital discharge 


Dalmane has been shown to be 
consistently effective even during 
consecutive nights of administra- 
tion, without increasing dosage. 
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it’s relatively safe,” 


even for patigxts 


on warfarin{“ 


Dalmane (flurazepags HC!) 

is generally wellfoler&ed; 
morning “hangdyer” ha been 
relatively infreqWtnt. 

An added benefit: Dalma™ 
and warfarin may be used 
concurrently without risk of 
unacceptable fluctuation in 
prothrombin time*'® 

Before prescribing, weigh 
potential benefits against 
possible risks (see Warnings 
and Precautions in complete 
product information ). 


when restful sleep 


is indicated 
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Dalmane | 
(flurazepam HCI) 


One 30-mg capsule h.s. — usual adult dosage 
(15 mg may suffice in some patients). 

One 15-mg capsule h.s. — initial dosage for 
elderly or debilitated patients. 








nset: Anteroposéerior view of fracture 
in intertrochanteric region of right hip. 
Illustration: X-ray of same patient, 
lightscanned and reprogrammed via 
eomputer to a light-recognition pattern, 
reveals fracture in intertrochanteric 
‘region of right hip reduced and fixed by a 
nail and plate appliance. Each square 
segment averages light/dark values of 


scpffresponding arpe on x-ray. 
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Dalmane 
(ilurazepam HCI) 


a e induces sleep within 17 


Before prescribing Dalmane (flurazepam 
HCI), please consult Complete Product 
Information, a summary of which follows: 


Indications: Effective in all types of insomnia 
characterized by difficulty in falling asleep, 
frequent nocturnal awakenings and/or early 
morning awakening; in patients with recurring 
insomnia or poor sleeping habits: and in 

acute or chronic medical situations requiring 
restful sleep. Since insomnia is often transient 
and intermittent, prolonged administration is 
generally not necessary or recommended. 


Contraindications: Known hypersensitivity 
to flurazepam HCl. 


Warnings: Caution patients about possible 
combined effects with alcohol and other 
CNS depressants. Caution against hazardous 
occupations requiring complete mental alert- 
ness (e.g., operating machinery, driving). 
Use in women who are or may become preg- 
nant only when potential benefits have been 
weighed against possible hazards. Not 
recommended for use in persons under 15 
years of age. Though physical and psycho- 
logical dependence have not been reported 
on recommended doses, use caution in 
administering to addiction-prone individuals 
or those who might increase dosage. 


Precautions: In elderly and debilitated, initial 
dosage should be limited to 15 mg to preclude 
oversedation, dizziness and/or ataxia. If 
combined with other drugs having hypnotic 
or CNS-depressant effects, consider potential 
additive effects. Employ usual precautions 

in patients who are severely depressed, or 
with latent depression or suicidal tendencies. 
Periodic blood counts and liver and kidney 
function tests are advised during repeated 
therapy. Observe usual precautions in 
presence of impaired renal or hepatic function. 


Adverse Reactions: Dizziness, drowsiness, 
lightheadedness, staggering, ataxia and 
falling have occurred, particularly in elderly 
or debilitated patients. Severe sedation, 
lethargy, disorientation and coma, probably 
indicative of drug intolerance or overdosage, 
have been reported. Also reported were 
headache, heartburn, upset stomach, nausea, 
vomiting, diarrhea, constipation, GI pain, 
nervousness, talkativeness, apprehension, 
irritability, weakness, palpitations, chest 
pains, body and joint pains and GU com- 
plaints. There have also been rare occurrences 
of sweating, flushes, difficulty in focusing, 
blurred vision, burning eyes, faintness, 
hypotension, shortness of breath, pruritus, 
skin rash, dry mouth, bitter taste, excessive 





salivation, anorexia, euphoria, depression, 
slurred speech, confusion, restlessness, 
hallucinations, and elevated SGOT, SGPT, 
total and direct bilirubins and alkaline 
phosphatase. Paradoxical reactions, e. g., 
excitement, stimulation and hyperactivity, 
have also been reported in rare instances. 


Dosage: Individualize for maximum beneficial 
effect. Adults: 30 mg usual dosage; 15 mg 
may suffice in some patients. Elderly or 
debilitated patients: 15 mg initially until 
response is determined. 


Supplied: Capsules containing 15 mg or 
30 mg flurazepam HCl. 


REFERENCES: 

1. Kales A: Am Fam Physician 8(5):158-168, 
Nov 1973 

2. Frost JD Jr: A system for automatically 
analyzing sleep. Scientific exhibit at the 24th 
annual Clinical Convention of the American 
Medical Association, Boston, Nov 29-Dec 2; 
1970; and at the 42nd annual scientific meet- 
ing of the Aerospace Medical Association, 
Houston, Apr 26-29, 1971 

3. Karacan I, Williams RL, Smith JR: The 
sleep laboratory in the investigation of sleep 
and sleep disturbances. Scientific exhibit at 
the 124th annual meeting of the American 
Psychiatric Association, Washington DC, 
May 3-7, 1971 

4. Dement WC: Data on file, Medical Depart- 
ment, Hoffmann-La Roche Inc, Nutley NJ 

5. Vogel GW: Data on file, Medical Depart- 
ment, Hoffmann-La Roche Inc, Nutley NJ 

6. Kales A, et al: Arch Gen Psychiatry 23:226- 
232, Sep 1970 

7. Data on file, Medical Department, Hoff- 
mann-La Roche Inc, Nutley NJ 

8. Robinson DS, Amidon EL: Interaction of 
benzodiazepines with warfarin in man, in The 
Benzodiazepines, edited by Garattini S, 
Mussini E, Randall LO. New York, Raven 
Press, 1973, p. 641 





" 


E EIES EIA NAE L TE 
e bani : i s ; 


AES A 


A New Antireflux Procedure 
at the Esophagogastric Junction 


Experimental and Clinical Evaluation 


Vicente Guarner, MD; Jose R. Degollade, MD; Nelson M. Tore, MD 


In posterior fundoplasty, a derivative of Nissen fundoplication, the 
fundus is passed behind the abdominal esophagus and fixed to the 
anterior aspect of the stomach, thus modifying the angle of entrance 
of the esophagus, creating a posterior gastric reservoir relatively 
inaccessible to the cardia. 

In dogs, it was as successful as a Nissen fundoplication in revers- 
ing esophagitis caused by reflux and daily administration of hista- 
mine. In another group of dogs, a cylindrical resection of the last 4 
or 6 cm of the esophagus and a posterior fundoplasty were per- 
formed simultaneously. In spite of the daily administration of 30 mg 
of histamine, none of the dogs developed esophagitis. 

Posterior fundoplasty has proved effective in 14 patients with hi- 
atal hernia observed for three years. In five patients undergoing a 
Heller myotomy for achalasia, it was used successfully to prevent 
postoperative regurgitation. 


H”; hernia continues to constitute an important 
clinical problem. Its main effect, gastroesophageal 
reflux, is a result of an incompetent sphincter, and the ef- 
fect on the esophageal epithelium is well known.’ 

In long-term evaluation of patients with hiatal hernia, 
treated surgically, there is some degree of esophageal re- 
flux, due either to anatomical recurrence of the hernia or, 
more frequently, as the result of persistent incompetence 
of the sphincter per se, despite an adequate repair of the 
crural margins of the diaphragm.** 

In the majority of normal subjects, under normal condi- 
tions, if we trace a horizontal line in the stomach at the 
level of the cardia and a vertical one in the esophagus, the 
intersection of these lines occurs at a 45° angle in an 
imaginary circle (Fig 1). 
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In patients with hiatal hernia, the esophagogastric 
junction is moved up toward the thorax and the horizontal 
line of the fundus descends on the conventional circle, tend- 
ing to reach more than a 45° angle, forming with the ver- 
tical an obtuse angle (Fig 2, left). The procedure of closing 
the angle, suturing the fundus to the esophagus, obliter- 
ates the angle in this imaginary circumference altogether 
(Fig 2, right). 

In this study we used an original antireflux procedure, 
passing the fundus behind the abdominal esophagus and 
fixing it to the anterior aspect of the stomach, thus form- 
ing between the esophagus and the right aspect of the 
fundus a conventional 120° angle in the left upper quad- 
rant of the circle (Fig 3). 

This maneuver modifies definitively the angle of en- 
trance of the esophagus in the stomach, forms a posterior 
bag where gastric contents may go when the cardia is less 
accessible, and elongates and maintains the abdominal 
esophagus. 


MATERIALS AND METHODS 
Experimental Study 


Fifty-six mongrel adult dogs were used in this experiment at 
the Department of Experimental Surgery, National Medical Cen- 
ter, Mexico City. Eight were rejected because they had intramural 
parasitosis of the esophagus, making them unsuitable for surgery. 
The remaining 48 underwent general anesthesia with 25 mg/kg of 
a thiobarbiturate. They were submitted to a cylindrical resection 
of 4 to 6 cm of the muscular layers of the inferior part of the 
esophagus (Fig 4). 

Although manometric studies have established an area of posi- 
tive pressure of the cardia, anatomical studies have not demon- 
strated which morphological element is responsible for this func- 
tion. However, this cylindrical resection of the muscular layers of 
the esophagus destroys the sphincter of the cardia, and the area of 
positive pressure between the stomach and the thoracic esophagus 
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Fig 1.—Line parallel to gastric cardia posi- 
tion normally occurs at 45° angle. 


_ Fig 3.—Left, Posterior gastric fundoplasty creates new 120° angle in imaginary circle. 


Right, Suture technique of posterior gastric fundoplasty. 





disappears.’ In this preparation 29 (60.4%) of the dogs had gas- 
troesophageal reflux (Fig 5). Three of the 48 dogs died of perfora- 
tion due to necrosis of the mucosa. Sixteen dogs showed no reflux 
but developed stricture of the esophagus and were used for an- 
other experiment. 

The 29 dogs with gastroesophageal reflux were divided in three 
groups (Fig 5). Group 1 (control): Ten dogs, all with reflux after 
cylindrical resection of the muscular layers of the esophagus, re- 
ceived 30 mg of histamine in beeswax intramuscularly six days of 
each week. Two weeks later, esophagoscopy showed the existence 
of esophagitis in all dogs. Fifteen days later, the animals were 
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Fig 2.—Left, Line parallel to gastric cardia position in hiatal hernia forms obtuse angle 
with vertical line. Right, Suturing gastric cardia to esophagus obliterates angle altogether. 


Fig 4.—Experimental method of produc- 
ing gastroesophageal reflux in dogs. 





reoperated on and a Nissen fundoplication was performed. Two 
dogs died following reoperation, one from an anesthetic accident 
and the other from postoperative bleeding of the thoracic wall. 
Group 2: In 19 dogs who received 30 mg of histamine in beeswax 
six days of each week for two weeks, esophagoscopy showed the 
existence of esophagitis, proved histologically. Three dogs of thiq 
group died; the 16 survivors were reoperated on and the antireflux 
procedure for evaluation was performed. Group 3: Due to the dif- 
ficulties of the procedure in two stages, we added to the experi- 
ment a third group of seven dogs in which a cylindric resectioh 
was performed, associated with the antireflux preparation. 
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Fig 5.—Experimental plan to investigate esophagogastric junction in dogs. 


Fig 6.—Postoperative increased pressure at sphincter zone in pa- 
tients with posterior gastric fundoplasty for hiatal hernia with reflux. 
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Fig 7.—Reduction of pressure in esophagogastric junction in patient after standard Heller operation. 


Fig 8.—Maintenance of pressure in esophagogastric junction in patient after Heller operation associated with posterior fundoplasty. 
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Clinical Study 


«The clinical study was done in the Gastroenterological Depart- 
ment of the National Medical Center, Mexico City. This antireflux 
procedure was done in a series of 14 cases with sliding hiatal her- 
nia and in five cases with achalasia in whom the antireflux was 
added to a Heller esophagogastric myotomy. These cases were 
evaluated clinically, roentgenographically, and with endoscopy 
and manometric studies during the three years after the oper- 
ation. 

Patients With Sliding Hiatal Hernia.—In this group of 14 cases, 


the procedure was done in six men and eight women. The young- | 


est patient was 22 years and the oldest 73. All of them had suffi- 
cient reflux to produce esophagitis shown endoscopically. In 13 pa- 
tients, this type of posterior fundoplasty was the only procedure 
done. One patient had a concomitant closure of the crural margin 
performed with the antireflux technique. 

Patients With Achalasia.—This group was comprised of three fe- 
males and two males between 17 and 66 years of age. 


RESULTS 
Experimental Study 


Group 1 (Control).—In the eight surviving dogs with the 
Nissen fundoplication, the reflux disappeared and the 
esophagitis was cured after two weeks, in spite of the ad- 
ministration of histamine. 

Group 2.—All of the 19 animals of this group were cured 
of their esophagitis two weeks after the reoperation, in 
spite of the daily injection of histamine. None of these 
dogs had reflux in roentgenographic studies. 

Group 3 (Cylindrical Resection & Posterior Fundoplasty).— 
In this group of seven dogs, after four weeks of the injec- 
tion of histamine, none of the animals developed esoph- 
agitis and reflux was never shown roentgenographically. 


Clinical Evaluation 


The patients with hiatal hernia and achalasia were eval- 
uated postoperatively, clinically, and roentgenographi- 
cally without demonstration of reflux. Endoscopy did not 
show esophagitis. Manometry in the cases operated on for 
hiatal hernia definitively showed an increase in the pres- 


Fig 9.—Endoscopy of dog showing esoph- 
agitis and reflux after cylindrical resection 
of terminal 4 to 6 cm of esophagus. 


esophagitis. 
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sure of the sphincter to 5 mm Hg compared with the ab- 
sence of a high pressure zone iri the preoperative mano- 
metric determinations (Fig 6). ' 

In 80.3% of previous patients with achalasia, we ob- 
served an increase of the pressure at the cardias preop- 
eratively. After the myotomy, there has been a.vonsistent 
decrease in the pressure of the sphincter, sometimes asso- 
ciated with reflux. In these patients with achalasia in 
whom the Heller operation was associated “with a fundo- 
plasty, there has always remained an area of positive 
pressure representative of the persistence of a sphincter, 
in spite of the cardiomyotomy (Fig 7 and 8). No evidence 
of gastroesophageal reflux was found. 


COMMENT 


For many years, we have been disappointed by the per- 
sistence of reflux after the classical Allison type of repair 
in hiatal hernia. Several antireflux procedures were in- 
vestigated. In 1964, we used the Nissen fundoplication 
method with good results. However, some of our patients 
developed the gas-bloat syndrome’ and dysphagia. Be- 
cause of these complications, a simpler, more effective pro- 
cedure was sought. This type of fundoplasty is essentially 
a derivative of the Nissen procedure. However, it is done 
only with the anterior aspect of the fundus, producing a 
sort of dislocation in the entrance of the esophagus into 
the stomach (Fig 9 and 10). 

In this study, the procedure has shown its usefulness 
experimentally and clinically in the control of gastroeso- 
phagic reflux. Roentgenographically, gastroesophageal 
reflux is not seen (Fig 11). The main features of this pro- 
cedure are (1) changing the angle of entrance of the 
esophagus in relation to the fundus, impeding regurgita- 
tion of gastric contents into the esophagus; (2) forming a 
posterior cul de sac where the gastric contents can go 
without difficulty; (3) elongating and maintaining the ab- 
dominal esophagus and, by doing so, the area of pressure 
at the esophagogastric junction; (4) failure to provoke the 
gas-bloat syndrome postoperatively. 

The procedures that only elongate the abdominal esoph- 


Fig 10.—Endoscopy of same dog after 
posterior fundoplasty showing resolution of 


Fig 11.—Posterior fundoplasty in clinical 
case. 
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agus are based on the use of the phrenoesophageal liga- 
ment holding it to the crus or to the preaortic fascia.*° The 
studies of Strasberg and Silver,” taking backeuts of the 
esophagogastric junction from cadavers, have shown the 
disposition of this ligament, no thicker than 3 mm and 
still thinnér in cases of hiatal hernia. 


Obviously, long-term effectiveness of this new proce- 
dure will require a larger series and a comparative eval- 
uation with classical methods of repair. However, this 
type of fundoplasty has demonstrated a definitive effect 
in the experimental model and has been, up to this date, a 
useful method in the clinical practice. 
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Editorial Comment 


The surgical control of gastroesophageal reflux has improved 
with focus of attention on the restoration of sphincteric function 
at the gastroesophageal junction rather than on the various surgi- 
cal maneuvers to repair the hernia. This article by Guarner and 
his associates emphasizes the angle at which the esophagus and 
stomach intersect as the important feature in preventing reflux 
rather than the formation of a completely competent sphincter, 
which is accomplished by the Nissen fundoplication. The results in 
the dog and the small series of humans with hiatal hernia are en- 
couraging and this may prove to be the procedure of choice. The 
technique as described by the authors is simple, effective, and ap- 
parently not associated with the most distressing postoperative 
complication of fundoplication, the gas-bloat syndrome. 

The authors also emphasize the complication of regurgitation 
following a Heller myotomy, which has received little notice in the 
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enthusiasm to report successful relief of the obstruction associ- 
ated with achalasia. This can be an important and continuing 
problem. The simple procedure of posterior gastric fundoplasty 
seems to eliminate this complication in patients undergoing a Hel- 
ler myotomy. The prevention of reflux is associated with the main- 
tenance of a high pressure zone at the gastroesophageal junction. 
The manometric evaluation of the esophagus in achalasia, both 
preoperatively and postoperatively, raises the interesting ques- 
tion as to whether manometry should not be done in patients with 
achalasia intraoperatively in order to detect when the achalasia 
has been relieved during the myotomy and also to determine when 
an appropriate high pressure zone has been reestablished by a 
surgical maneuver to prevent regurgitation. 

WARD O. GRIFFEN, JR., MD, PHD 

Lexington, Ky 
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In 16 years of use tn the United States, 
FLUOTHANE (halothane) has been ad- 
ministered over 100 million times in a wide 
variety of surgical procedures. 100 million 
.,.extensive usage and evaluation that 
attests to FLUOTHANE as the most widely . 
used inhalant anesthetic. 

Since it was first introduced, over 
4,000 papers worldwide have been pub- 
lished, ranging from review articles to 
in-depth studies. 4,000 papers... 

a bibliographic record of note on the most 
widely used inhalant anesthetic. 

Ina continuing program of informa- 
tional services on anesthesiology, Ayerst 
provides printed and audiovisual aids 
reflecting the opinions and experiences of 
recognized authorities in the field. These 
include the highly regarded series on 
Anesthesia Rounds and Clinical Aspects of 
Anesthesiology, as well as several films of 
educational value—all available through 


FLUOTHANE chacotnane) 
OVER 100 MILLION 
ADMINISTRATIONS 


è nonflammable, nonexplosive 

@ permits use of high concentrations of 

oxygen 

@ allows free use of cautery for more 

adequate control of bleeding 

e minimal odor facilitates smooth, rapid 

induction, reduces patient distress 

è early obtundation of pharyngeal and 

laryngeal reflexes facilitates intubation 
i @ lessens airway problems 


? . @ permits rapid adjustment of depth of 
anesthesia 


@ emergence is rapid and tranquil with 
quick recovery of protective reflexes 


è minimal nausea and vomiting, shorter 
recovery room stay - 
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_ (Complete text of package circular.) 

_ Description. FLUOTHANE, brand of halo- 
~ thane, is an inhalation anesthetic. It is 
_ 2-bromo-2-chloro-1, 1, 1-trifluoroethane 
< and has the following structural formula: 
Rou & F Br 


Fr—c—c 





Cl 
F H 


The specific gravity is 1.872-1.877 at 
~ 20° C., and the boiling point (range) is 
M49 C.-51° C. at 760 mm. Hg. The vapor 
"pressure is 243 mm. Hg at 20° C. The 
_ blood/ gas coefficient is 2.5 at 37° C., and 
_ the olive oi!l/water coefficient is 220 at 
~ 37°C. Vapor concentrations within anes- 
` thetic range are nonirritating and have a 
-pleasant odor. FLUOTHANE is nonflam- 
_ mable, and its vapors mixed with oxygen 
in proportions from 0.5 to 50 per cent 
-© (v/v) are not explosive. 
a FLUOTHANE does not decompose in 
_ contact with warm soda lime. When mois- 
ture is present, the vapor attacks alumi- 
= num, brass, and lead, but not copper. 
% - FLUOTHANE is soluble in rubber, some 
_ plastics, and similar materials; such ma- 
_ terials will deteriorate rapidly in contact 
__ with FLUOTHANE vapor or liquid. Stabil- 
| ity of FLUOTHANE is maintained by the 
addition of 0.01 per cent thymol (w/w), 
and storage is in amber colored bottles. 
= FLUOTHANE should not be kept indefi- 
_nitely in vaporizing bottles not specifically 
designed for its use. It is recommended 
_ that vaporizers be emptied at the end of 
_ each operating day. Thymol does not vol- 
_ atilize along with FLUOTHANE, and there- 
_ fore accumulates in the vaporizer, and 
may, in time, impart a yellow color to the 
_ remaining liquid or to wicks in vaporizers. 
The development of such discoloration 
may be used as an indicator that the va- 
_porizer should be drained and cleaned, 
and the discolored FLUOTHANE (halo- 
_ thane) discarded. Accumulation of thy- 
= mol may be removed by washing with 
= diethyl ether. After cleaning a wick or 
_ vaporizer, make certain all the diethyl 
"ether has been removed before reusing 
_ the equipment to avoid introducing ether 
into the system. 
_ Actions. FLUOTHANE is an inhalation 
= anesthetic. Induction and recovery are 
rapid and depth of*anesthesia can be 
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-brand of halothane 


rapidly altered. FLUOTHANE progres- 
sively depresses respiration. There may 
be tachypnea with reduced tidal volume 
and alveolar ventilation. FLUOTHANE is 
not an irritant to the respiratory tract, 
and no increase in salivary or bronchial 
secretions ordinarily occurs. Pharyngeal 
and laryngeal reflexes are rapidly ob- 
tunded. It causes bronchodilation. Hy- 
poxia, acidosis, or apnea may develop 
during deep anesthesia. 

FLUOTHANE reduces the blood pres- 
sure, and frequently decreases the pulse 
rate. The greater the concentration of the 
drug, the more evident these changes 
become. Atropine may reverse the brady- 
cardia. FLUOTHANE does not cause the 
release of catecholamines from adrener- 
gic stores. FLUOTHANE also causes dila- 
tion of the vessels of the skin and skeletal 
muscles. 

Cardiac arrhythmias may occur during 
FLUOTHANE anesthesia. These include 
nodal rhythm, AV dissociation, ventricular 
extrasystoles and asystole. FLUOTHANE 
sensitizes the myocardial conduction SyS- 
tem to the action of epinephrine and 
norepinephrine, and the combination 
may cause serious cardiac arrhythmias. 
FLUOTHANE increases cerebral spinal 
fluid pressure. FLUOTHANE produces 
moderate muscular relaxation. Muscle 
relaxants are used as adjuncts inorder to 
maintain lighter levels of anesthesia. 
FLUOTHANE augments the action of non- 
depolarizing relaxants and ganglionic 
blocking agents: FLUOTHANE is a potent 
uterine relaxant. 

Indications. FLUOTHANE (halothane) is 
indicated for the induction and mainte- 
nance of general anesthesia. 
Contraindications. FLUOTHANE should 
be avoided when a previous exposure was 
followed by fever and jaundice, or when 
there was an unexplained postoperative 
fever. 

FLUOTHANE is not recommended for 

obstetrical anesthesia except when uter- 
ine relaxation is required. 
Warnings. FLUOTHANE should be used in 
vaporizers that permit a reasonable ap- 
proximation of output, and preferably of 
the calibrated type. The vaporizer should 
be placed out of circuit in closed circuit 
rebreathing systems; otherwise overdos- 
age is difficult to avoid. The patient 
should be closely observed for signs of 
overdosage, i.e., depression of blood pres- 
sure, pulse rate, and ventilation, particu- 
larly during assisted or controlled ventila- 
tion. 

Usage in Pregnancy: Safe use of 

FLUOTHANE has not been established 
with respect to possible adverse effects 
upon fetal development. Therefore, 
FLUOTHANE should not be used in 
women where pregnancy is possible and 
particularly during early pregnancy, un- 
less, in the judgment of the physician, 
the potential benefits outweigh the un- 
known hazards to the fetus. 
Precautions. Cirrhosis or other abnormal- 
ities involving liver dysfunction, including 
a history of viral hepatitis, may be a 
basis for selecting an anesthetic other 
than a halogenated agent. 
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The uterine relaxation obtained with a 
FLUOTHANE, unless Carefully controlled, Pe 
may fail to respond to ergot derivatives 
and oxytocic posterior pituitary extract. 

FLUOTHANE increases cerebrospinal 
fluid pressure. Therefore, in patients with 
markedly raised intracranial pressure, if 
FLUOTHANE is indicated, administration 
should be preceded by measures ordin- 
arily used to reduce cerebrospinal fluid 
pressure. Ventilation should be carefully 
assessed, and it may be necessary to as- 
sist or control ventilation to insure ade- 
quate oxygenation and carbon dioxide 
removal. 

Epinephrine or norepinephrine should 
be employed cautiously, if at all, during 
FLUOTHANE (halothane) anesthesiasince 
their simultaneous use may induce ven- 
tricular tachycardia or fibrillation. 

Nondepolarizing relaxants and gangli- 
onic blocking agents should be adminis- 
tered cautiously, since their actions are 
augmented by FLUOTHANE. 

Adverse Reactions. The following adverse 
reactions have been reported: hepatic 
necrosis, Cardiac arrest, hypotension, 
respiratory arrest, cardiac arrhythmias, 
hyperpyrexia, shivering, nausea, and 
emesis. 

Dosage and Administration. FLUOTHANE 
may be administered by the nonrebreath- 
ing technic, partial rebreathing, or closed 
technic. The induction dose varies from 
patient to patient. The maintenance dose 
varies from 0.5 per cent to 1.5 per cent. 
How Supplied. No. 3125—Unit packages 
of 125 cc. and 250 cc. of halothane sta- 
bilized with 0.01% thymol (w/w). 
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` Clinical Notes 


Carcinoid Tumor 
Metastatic to Neck 


Richard E. Welling, MD, 
John P. Taggart, MD 
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A 50-year-old woman was admitted with a mass in the anterior 
triangle of the neck. Because of interpretation of a needle biopsy 
specimen as undifferentiated adenocarcinoma, a radical excision of 
cervical lymph nodes was performed and the specimen showed meta- 
static adenocarcinoma suggestive of carcinoid tumor. Four months 
later the patient developed an abdominal mass that turned out to be 
large mesenteric lymph nodes involved in carcinoid tumor, the pri- 
mary lesions being in the terminal ileum. Following resection of all 
visible tumor, the patient has remained symptomatically and chem- 
ically well for 15 months. No previous case of carcinoid tumor meta- 
static to the neck can be found. 


pei tumors of the gastrointestinal tract first in- 
terested clinicians over 100 years ago. The original 
description dates back to Merling’ in 1838. His description 
was further elucidated by Langhans?’ in 1867 and Beger’ 
in 1882. The carcinoid syndrome, composed of cutaneous 
flushing, asthma, diarrhea, abdominal pain, and endocar- 
dial fibrosis, was described later by three separate groups 
of investigators: Thorson et al,‘ Isler and Hedinger,’ and 
Rosenbaum et al.’ 

Sjoerdsma et al,’ in 1960, illustrated the pathway of ser- 
otonin production from tryptophan and its breakdown to 
5-hydroxy-3-indolacetic acid. This breakdown product was 
linked to carcinoid tumor by Sjoerdsma et al.* 

The present report describes an unusual carcinoid tu- 
mor, appearing as an isolated metastatic lymph node in 
the anterior cervical triangle. Review of the English lan- 
guage literature has failed to reveal a similar case report. 


REPORT OF A CASE 


A 50-year-old woman was admitted to the Naval Hospital, Or- 
lando, Fla, with a two-month history of a nontender, 2 x 2-cm firm 
mass in the anterior superior cervical triangle. Results of a com- 
plete otolaryngologic examination, including blind biopsy exami- 
nations of the mouth and rhinopharynx, were within normal limits. 
Results of an abdominal examination at that time were normal. 
Barium enema, chest roentgenogram, intravenous pyelogram, and 
a roentgenographic series of the upper part of the gastrointesti- 
nal tract with small bowel follow-through were likewise normal. 
Needle biopsy examination of the anterior cervical triangle mass 
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was reported as undifferentiated adenocarcinoma. Because of the 
_ possibility that this lymph node represented metastases from an 
occult parotid neoplasm, the initial treatment consisted of a left 


superficial parotidectomy and radical dissection of the left side of 
the neck. .. 

Careful pathologic examination revealed one lymph node to be 
completely replaced with metastatic adenocarcinoma, suggestive 
of carcinoid tumor. The remainder of the dissection, including the 
parotid gland, was reported as normal. 

Four months later the patient experienced intermittent 
diarrhea and crampy abdominal pain. Examination of the abdo- 
men revealed a freely movable right lower quadrant mass, 10 to 12 
cm in diameter. A 24-hour urine value for 5-hydroxy-3-indolacetic 
acid was reported as 32 mg per 24 hours (normal being 2 to 9 mg 
per 24 hours). 

At laparotomy, two multicentric primary lesions were identified 
in the terminal part of the ileum, 10 cm from the ileocecal valve. 
The more distal lesion was 0.5 em in diameter, and the proximal 
lesion was 1.5 cm in diameter. In addition, there were multiple 
metastatic lymph nodes along the vascular arcade, the largest and 
most proximal being 10 cm in diameter. Two metastatic lesions in 





_____ the right lobe of the liver near the inferior margin were also iden- 
fn tified (Fig 1). 


All gross tumor was removed surgically, including the liver me- 
tastases. Postoperatively the patient’s symptoms completely 
abated. One month after surgery, the 24-hour urine value for 5- 
hydroxy-3-indolacetic acid was reported as 7 mg per 24 hours. Fif- 
teen months later the 5-hydroxy-3-indolacetic acid value was 6 mg 
per 24 hours. 


PATHOLOGIC FINDINGS 


Carcinoid tumors usually appear as submucosal nodules, fre- 
quently are multiple, and rarely ulcerate. 

Microscopically the cells are usually arranged in clusters or 
bands, rarely show mitotic activity, and precipitate silver in the 
cytoplasmic granules after application of reducing agents. 

The cervical lymph node in this case was completely replaced by 
undifferentiated adenocarcinoma (Fig 2). A very small rim of 
lymphoid tissue remained on the perimeter. After the silver stain- 
ing technique, this neoplastic tissue was highly suggestive of car- 
cinoid tumor. 

The primary neoplasm (Fig 8) infiltrated the surrounding nor- 
mal small intestinal mucosa. Microscopic similarity in two areas of 
tumor was noted. 


COMMENT 


The usual metastatic pattern of carcinoid tumors is well 
documented in the literature.**"! Approximately 20% of 
patients demonstrate nodal or distant metastases at the 
time of surgical exploration. The mesenteric lymph nodes 
are the most common site of nodal metastases. Very fre- 
quently the metastatic mesenteric lymph nodes are larger 
than the primary tumor. The liver is the most common site 
of distant metastases. Size of the intestinal primary car- 
cinoid is an important factor affecting the incidence of 
metastases. In Moertel et al’s’ series, only 2% of the le- 
sions less than 1 cm had spread. Metastatic carcinoid tu- 
mors have been reported in many unusual locations: the 
ovaries,” epididymides,'* bone marrow,’ skin and subcu- 
taneous tissue, retroperitoneum," breast, orbits, adre- 
nals, lungs, spleen, pancreas, kidneys, brain, thyroid, blad- 
der, prostate, and cervix.’® Carcinoid appearing as an 
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mesenteric lymph nodes, and portion of liver partially replaced by 
two metastatic deposits. 





Fig 2.—Metastatic cervical lymph node. Small rim of lymph node 
tissue remains at perimeter (hematoxylin-eosin, X 10). 


Fig 3.—Section of primary neoplasm in terminal ileum. Note mi- 
croscopic similarity in two areas of neoplasm (hematoxylin-eosin, 
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isolated metastatic cervical lymph node has been here- 
*tofore unreported. 
Radical neck dissection is an accepted surgical therapy 


for metastatic cervical lymph nodes when the primary le- - 


sion cannot be located.” Blind biopsy examinations of the 
mouth and rhinopharynx are a prerequisite before under- 
taking radical neck dissection. A mass in the lateral part 
of the neck in a man over 50 years of age is most likely 
metastatic carcinoma. By careful physical examination, 
roentgenograms of the chest and paranasal sinuses, and 
blind biopsy examinations of the mouth and rhinophar- 


ynx, the primary lesion can be*found 90% of the time. In 
the remaining 10%, no primary lesion can be found. Thirty 
percent of this latter group will develop a clinically ob- 
vious lesion in the future. ` 

In the majority of cases, needle biopsy examination is a 
valuable clinical method in making the diagnosis of an iso- 
lated neck mass. The risk to the patient, botħ initially and 
long-term, is negligible. This present case exemplifies the 
necessity of close postoperative follow-up care after radi- 
cal neck dissection for metastatic cervical nodes when the 
primary lesion cannot be located. 
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Axillary-Axillary Bovine Arteriovenous 
Fistula for Hemodialysis 


Maj Larry G. Manning, MC, USAF; Lt Col David J. Mozersky, MC, USAF; 
Maj Harry M. Murray, MC, USAF; Col Clyde 0. Hagood, MC, USAF | 


A preliminary evaluation of bovine carotid artery heterografts as 
axillary-axillary arteriovenous fistulas suggests that this graft may 
be an easily constructed and easily utilized portal for hemodialysis 
cannulation. At present, this fistula should be reserved for use when 
all other commonly employed peripheral sites and methods of con- 
structing arteriovenous fistulas have been exhausted. 


hronic long-term hemodialysis has become a com- 
mon therapeutic modality in most large medical cen- 


- ters. The problem of providing access to the circulation for 


this purpose is one that has challenged the ingenuity of 
many workers. 

At Wilford Hall USAF Medical Center we have recently 
treated two patients in whom all commonly used sites for 
creating arteriovenous anastomoses had been exhausted, 


_ and in whom continued hemodialysis by any of the usual 


portals was not possible. An axillary-axillary arterio- 
venous fistula using a bovine carotid arterial heterograft 
was created in these patients that provided excellent ac- 
cess to the circulation. The purpose of the present report is 
to describe the operative technique and to demonstrate 
the efficacy of the procedure. 


SUBJECTS 


Two anephric patients in whom the peripheral vessels of the up- 
per and lower extremities had been previously used for either ex- 
ternal arteriovenous shunts or the creation of internal arterio- 
venous fistulas were referred to our Vascular Surgery Unit for the 
purpose ef providing access for hemodialysis. 

In addition to the fact that the usual peripheral sites were no 
longer available, both patients had had extensive surgery on more 
proximal vessels. One patient had had an aortobifemoral bypass, 
two'at‘empts at revascularizing his kidneys that consumed his 
saphenous veins, an occlusion of the brachial artery on one side 
that resulted from a previous arteriogram, and multiple venipunc- 
tures that had obliterated the superficial veins in the other arm. 

The other patient had had a total of 12 previous access proce- 


dures, superficial and deep thrombophlebitis in one leg, and a 


prior attempt to employ a femoral-saphenous bovine carotid arte- 
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riovenous fistula in the other. This latter operation failed and had 
to be removed due to infection of the graft. A recently constructed 
side-to-side internal arteriovenous fistula in her right wrist was 
functioning but failed to produce dilation of any veins suitable for 
dialysis. At the time of our evaluation, she was being inadequately 
maintained on peritoneal dialysis. 

Because of the great difficulties encountered in both patients in 
the past, it was necessary to consider a unique alternative tech- 
nique. We believed that a subcutaneous axillary-axillary arterio- 
venous fistula using a bovine carotid heterograft might provide an 
effective, though rather unorthodox, portal of entry for hemodial- 
ysis. 


OPERATIVE TECHNIQUE 


The operative procedure was identical in both patients. The 
first portions of the axillary vessels were exposed bilaterally 
through small incisions in the anterior chest wall. Seven-centime- 
ter transverse incisions were made on a line extending from the 
angle of Louis to the coracoid process. The sternal and clavicular 
heads of the pectoralis major were split and retracted. The clavi- 
pectoral fascia was then incised, giving access to the apex of the 
axilla. The first portions of the axillary vein and artery were then 
dissected and prepared for anastomosis. A presternal subcutane- 
ous tunnel was fashioned so that its diameter was slightly larger 
than that of the bovine heterograft. For the purposes of con- 
sistency, the left axillary artery and right axillary vein were used 
for anastomoses in both patients. A bovine heterograft 8 mm in 
diameter was then tailored and sutured end to side to the left ax- 
illary artery with 5-0 synthetic vascular suture. The graft was 
threaded across the sternum through the subcutaneous tunnel and 
then anastomosed to the right axillary vein. A small ellipse of vein 
was excised to facilitate the anastomosis. The graft was flushed 
with arterial blood to avoid kinking and angulation prior to com- 
pletion of the venous anastomosis. When the axillary vein anasto- 
mosis was completed, a prompt thrill was noted in the graft. After 
hemostasia had been obtained, the subcutaneous tissue and skin 
were closed. No attempt was made to close the deeper muscular 
layers. No drains were left in the anastomotic incisions. 


POSTOPERATIVE COURSE, 


Three days postgrafting, the first cannulations were 
performed in the anterior sternal region without diffi- 
culty. The procedure for cannulation and dialysis was car- 


ried out through a single needle technique in the standard > 


fashion. Adequate blood flow rates were routinely 
achieved. 
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Both patients’ grafts have been used for hemodialysis 
‘three times weekly for three months. No difficulty with 
cannulation has been experienced and, as noted by others,’ 
the ease with which graft puncture is accomplished is su- 
perior to that encountered with the routine internal arte- 
riovenous fistula. The first patient operated on experi- 
enced mild hematoma formation at the cannulation site 
during the first week of usage. This complication was be- 
lieved to result from too extensive a dissection during the 
creation of the subcutaneous sternal tunnel. No further 


difficulties have been encountered. 


Although the systolic pressure in the left arms of both 
patients decreased approximately 40 mm Hg postopera- 
tively, close patient follow-up to date has revealed no clin- 
ical evidence of chronic arterial insufficiency in either up- 
per extremity. Initial mild edema was noted in the right 
upper extremities of both patients following the operative 
procedure. This was adequately controlled with elevation 
and elastic support. Both patients had a mild increase in 
their pulse rate postoperatively; however, there has been 
no overt evidence of undesirable cardiac effect from the 
fistulas. In neither patient has the pulse rate risen over 85 
beats per minute. The hemodynamic characteristics of the 
fistulas, including pressure-flow relationships and altered 
systemic and/or cardiac effects, are presently being inves- 
tigated in these patients and will be the subject of a later 
report. 


COMMENT 


The use of surgically created internal arteriovenous fis- 
tulas for hemodialysis was initially described by Brescia 
and co-workers.’ Cerilli and Limbert’ have reported a high 
patency rate and low complication rate for internal fis- 
tulas. However, due to technical and other factors, these 
fistulas occasionally fail. Other portals of entry into the 
circulation for dialysis purposes must then be established. 
Numerous ingenious techniques have previously been de- 
vised for this purpose. | 

When the forearm system of veins becomes inadequate 
or a suitable vein, such as the cephalic or saphenous, is not 
available for use, one must consider other grafting mate- 
rials. The silicone Dacron mandril‘ has been used in sev- 
eral patients for this purpose. Its disadvantage is that it 
requires a minimum of six weeks for harvesting, and 
many of these patients cannot wait for that length of 
time. Chinitz and his co-workers' reported the use of bo- 
vine heterograft as a prosthesis for creating arterio- 
venous fistulas in the arm or thigh with good results. Since 
these areas were no longer available in our patients, other 
possible access sites for constructing an arteriovenous fis- 
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tula were considered. 

A well-functioning internal arteriovenous fistula should 
provide long-lasting easy access to the circulation. It 
should not limit the patient either during dialysis or dur- 
ing the pursuit of normal daily activities betwgen dialysis. 
The hemodynamic effects of the fistula, moreover, should 
provide no local or systemic circulatory problems. 

Our experience with axillary-axillary Dacron bypass 
grafts in patients with symptomatic subclavian and in- 
nominate occlusions suggested the feasibility of using the 
easily approached first portion of the axillary vessels. The 
experience of Chinitz et al' has further indicated that the 
bovine carotid heterograft is a durable and useful mate- 
rial for hemodialysis. The presternal location is appealing 
because cannulation of the bovine heterograft conduit 
leaves both arms and legs free during hemodialysis. More- 
over, our past experience has indicated that arterial sub- 
stitutes in this area are relatively free from the effects of 
local trauma and are tolerated extremely well by the pa- 
tients. The hemodynamic effects will be more clearly de- 
fined in a future publication; however, neither the local 





circulatory effects nor the increase in cardiac performance = 


provided by these grafts have thus far proved trouble- 
some. If problems should occur at a later time, the super- 
ficial presternal location of the graft would be easily ac- 


cessible to surgical interruption or partial occlusion. The — 


work of Osler’ and Szilagyi and his associates® has sug- 
gested, however, that sizable arteriovenous fistulas may 
be tolerated extremely well for long periods of time. 


It will be necessary to gain further experience and — 


longer follow-up in patients with axillary-axillary fistulas 
before definite conclusions can be drawn. Our early obser- 
vations, however, would suggest that axillary-axillary ar- 
teriovenous fistulas may provide excellent access to the 
circulation in selected patients. 
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= A New Application of Counterpulsation 





Safer Laparotomy After Recent Myocardial Infarction 


Steven I. Cohen, MD, Ronald M. Weintraub, MD 


A 56-year-old man suffered severe gastrointestinal tract bleeding 
five days following an anterior myocardial infarction. Nonoperative 
treatment consisting of gastric lavage, selective angiographic proce- 
dures on the gastric arteries with intra-arterial vasopressin injection 


_ (Pitressin), and massive blood replacement over a five-day period 


failed to halt hemorrhage. Institution of intra-aortic balloon pumping 
reversed the patient’s hemodynamic deterioration and made possible 
a definitive operation. The successful outcome in this patient sug- 
gests that counterpulsation may play a useful role in lowering the 


= formidable surgical mortality observed in patients with acute myo- 


cardial injury who require emergency noncardiac operations. 


eee balloon pumping is gaining increasing at- 
tention as a means of improving hemodynamic stabil- 
ity in patients undergoing cardiac surgery, and as an ad- 


_ junct in the management of mechanical and metabolic 


complications of myocardial infarction. It was used to sup- 


= port the failing circulation of a patient with a recent myo- 
_ cardial infarction who required emergency operation for 
_ Massive gastrointestinal tract bleeding. 


REPORT OF A CASE 


A 56-year-old man was admitted to the Medical Intensive Care 
Unit complaining of severe chest pain and sweating of several 
hours’ duration. There was no history of coronary artery disease, 
but he had had rare episodes of midepigastric distress for which 
he took antacids. 

He was a thin, diaphoretic man complaining of severe chest 
pain and shortness of breath. His blood pressure was 130/80 mm 
Hg; pulse, 88 beats per minute and regular; respirations, 18 per 
minute; temperature, 37.3 C (98.8 F). The chest was kyphotic and 
hyperresonant on percussion, and there were bibasilar rales. The 
heart was of normal size without murmurs or rubs, but a loud §, 
gallop was present. The results of an abdominal examination were 
unremarkable. There was mild clubbing of the fingers, and pal- 
pable pulses included a dorsalis pedis on the right and posterior 
tibial on the left. 

The electrocardiogram showed normal sinus rhythm with hy- 
peracute T waves and ST elevations in leads V, and V,, consistent 
with an evolving anteroseptal myocardial infarction. Within 24 
hours, the serum glutamic oxaloacetic transaminase (SGOT) level 
rose from 21 to 231 international units (IU)/liter at 37 C; lactic de- 
hydrogenase from 106 to 362 IU/liter; and creatine phosphokinase 
from 8 to 2,202 IU /liter. 

Thirty-six hours after admission he complained of severe pleu- 
ritic left precordial chest pain. No rub was heard. The patient was 
given indomethacin, 25 mg every six hours, with a presumed diag- 
nosis of pericarditis. His chest pain rapidly diminished. 

He remained hemodynamically stable until the ninth hospital 
day, when he had a sudden massive bloody bowel movement and 
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his blood pressure fell to 85/55 mm Hg. Nasogastric aspiration 
showed fresh blood. The hematocrit reading had fallen from 46% 
to 25%. Treatment included antacids, blood transfusions, and cold 
saline gastric lavage. During the next 48 hours, the patient re- 
ceived 16 units of blood. Selective angiography on the 11th, and 
again on the 12th hospital day failed to reveal the source of con- 
tinued bleeding. 

On the 13th hospital day the patient again became hypotensive. 
Vasopressin injection (Pitressin) was infused into the left gastric 
artery with little discernible effect. A third angiographic proce- 
dure revealed a blush of contrast material in the midportion of the 
stomach. The ECG showed elevated ST segments in leads II, III, 
and AVF and T wave inversions in leads V, through V.. The tem- 
perature rose to 39.4 C (103 F). With the patient breathing 35% 
oxygen, arterial blood gas values were as follows: oxygen pressure 
(Po.), 83 mm Hg; arterial carbon dioxide pressure (Pco,), 38 mm 
Hg; pH, 7.34. Following another episode of bleeding, the blood gas 
values deteriorated further: Po,, 66 mm Hg; Pco,; 43 mm Hg; and 
pH, 7.31. The alveolar-arterial oxygen gradient was 586 mm Hg, 
and the pulmonary capillary wedge pressure rose to 35 mm Hg. 
The urine output was less than 10 ml/hr, and the blood pressure 
fell to 80/60 mm Hg. Twenty-six units of blood had been trans- 
fused over a period of five days. 

The patient was transferred to the Surgical Service and was 
brought directly to the operating room. He was hypotensive and 
in pulmonary edema. Under local anesthesia, a 40-ml, three-seg- 
ment intra-aortic balloon was inserted via the right common fem- 
oral artery. Excellent diastolic augmentation was achieved, the 
blood pressure immediately rose to 110/140/60 mm Hg, and the 
pulmonary capillary wedge pressure fell to 14 mm Hg. The patient 
produced 50 ml of urine over the next 30 minutes. Although he did 
not appear to be actively bleeding, we decided to proceed with op- 
eration. Gastrotomy revealed multiple shallow linear ulcerations 
of the gastric mucosa with a large 2-cm gastric ulcer in the upper 
body of the stomach. Subtotal gastrectomy (Billroth II) and trun- 
cal vagotomy were performed. Pathologic examination showed 
multiple superficial gastric erosions and a 2-em acute-on-chronic 
benign gastric ulcer extending into the muscularis. 

On the first postoperative day his blood pressure off the balloon 
was 130/55 mm Hg, the pulmonary artery pressure was 36/18 mm 
Hg, and central venous pressure was 12 em H,O. The alveolar-ar- 
terial oxygen gradient dropped from 573 to 322 mm Hg and the 
hematocrit reading was stable at 46%. The right foot was noted to 
be cold and pulseless, and the patient was returned to the oper- 
ating room after 20 hours of counterpulsation. The balloon was re- 
moved and a thrombectomy of the right common femoral artery 
was performed. An attempt to pass a 20-ml balloon through the 
left common femoral artery resulted in a laceration of the exter- 
nal iliac artery that was immediately recognized and repaired. De- 
spite the ensuing transient hypotension and semewhat premature 
removal of the balloon, the patient remained hemodynamically 
stable and was extubated on the third postoperative day. The re-° 
mainder of his hospital course was uneventful, and he was dis- 
charged on the 14th postoperative day. 


COMMENT 


There is general agreement that a history of myocardial ` 
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infarction carries with it an increased risk of reinfarction 
and death in a general surgical population.’ Patients 
with a history of infarction are 50 times more likely to 
suffer an infarction in the perioperative period than those 
without previous infarction, and there is a reinfarction 
rate of 37% in patients operated on within three months of 
an infarction.’ The mortality of postsurgical reinfarction 
in a collected series was 54% overall and rose to 77% 
if reinfarction occurred within this three-month period. 
From these figures, a 30% mortality can be projected for 
patients undergoing operation within three months of 
myocardial infarction. The causes of increased susceptibil- 
ity to reinfarction in surgical patients have not been fully 
elucidated, but it is a reasonable assumption that in- 
creased metabolic demands and concomitant increased 
cardiac work in the perioperative period play a major role. 

Since surgery in the periinfarction period is clearly haz- 
ardous, considerable effort should be made to avoid compli- 
cations requiring surgical correction. The administration 
of indomethacin for pericarditis complicating myocardial 
infarction is dangerous because the drug is known to alter 
gastric mucosal permeability, had been implicated as a 
cause of peptic ulceration in man, and is known to produce 
ulcers in experimental animals.°* The use of such a poten- 
tially dangerous drug is particularly inappropriate since 
the presence of pericarditis does not appear to influence 
mortality in myocardial infarction." 

Angiographic techniques offer an alternative to surgery 
in massive gastrointestinal tract hemorrhage," but these 
techniques are not without risk or mortality." Although 
the mortality of surgery in the postinfarction period is 
high, the demands placed on the heart by repeated angi- 
ography, prolonged vasopressin injection (Pitressin), and 
multiple blood transfusions must at some point approach 
or exceed those of surgery. 

Intra-aortic balloon pumping can maintain or improve 
cardiac function in the face of an obligatory increase in 
cardiac work by decreasing left ventricular afterload, with 
consequent reduction of myocardial oxygen consumption, 
and by increasing” or favorably redistributing coronary 
blood flow." Intra-aortic balloon pumping is now an ac- 
cepted adjunct in the medical and surgical treatment of 
myocardial ischemia and its complications, ie, cardiogenic 
shock,"*'* ventricular septal defect or mitral regurgita- 
tion,’® intractable ventricular arrhythmias,” postcar- 
diopulmonary bypass left ventricular failure," and pre- 
infarction angina.'*:”° 

It seemed appropriate to use counterpulsation in our pa- 
tient requiring emergency noncardiac operation, for it 
was likely that the stress of anesthesia and surgery would 
substantially increase cardiac work, unfavorably altering 
the delicate balance between myocardial oxygen supply 
and demand in the postinfarction period. With the initia- 
tion of intra-aortic balloon pumping there was rapid re- 
versal of clinical deterioration and dramatic improvement 
in all factors indicative of cardiogenic shock. We believe 
ethat counterpulsation reversed shock and made possible 

definitive surgical correction of life-threatening hemor- 


` rhage. Following only 20 hours of counterpulsation, dur- 
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ing which a major abdominal operation was performed, 





the patient was able to withstand both removal of the bal- 


loon and a single acute hypotensive episede. Our experi- 


ence with this patient suggests that intra-aortic balloon — 
pumping, by decreasing myocardial oxygen’ consumption ` 


during the perioperative period of increased cardiac work, 


may result in a substantially lower mortality for patients — 


requiring surgery following myocardial infarction. Fur- 


thermore, the application of counterpulsation to patients 
with chronic or intermittent ischemia undergoing oper- — 


ation seems logical and worthy of further investigation. 
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Leiomyosarcoma 


of a Vein 


Survival for Six Years 


Robert R. Nesbit, Jr., MD, Charles Rob, MD 


_ A7-year-old girl with leiomyosarcoma of the femoral vein is alive 

without evidence of recurrence six years after radical resection. This 

____ is, to our knowledge, the longest survival recorded of a patient with 
_ this condition. 


umors of blood vessels are sufficiently rare as 
to warrant the reporting of individual cases. This re- 
port is of a leiomyosarcoma arising in the vein of a child 


who is new alive without evidence of recurrence six years CATE aN 
E fas. Fig 1.—Phlebogram showing obstruction of femoral vein with fill- 


' ing of collaterals. 


f REPORT OF A CASE 


Iy 2 y 
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Fig 2.—Tumor arising from wall of femoral vein (hematoxylin-eo- 

A 7-year-old girl was admitted to Strong Memorial Hospital on sin, X 16). 
the evening of Sept 19, 1968. Forty-eight hours prior to admission, Rs 
her mother had noted the girl’s right leg to be swollen. The child 
was seen by her physician and treated with antihistamines and 
antibiotics. On the day of admission, she complained of aching in 
the right groin. She did not have a cough, chest pain, hemoptysis, 
or any significant trauma. Her history was not contributory. On 
that day, a phlebogram was done at another hospital and the pa- 
tient was referred here. 

On examination she was a healthy-appearing 7-year-old girl in 
no distress and with normal vital signs. Physical findings were 
normal, except for those in her right lower extremity, which was 
swollen with trace pitting edema from groin to toes. The groin 
was slightly ecchymotic, with apparent thrombosis of the external 
pudendal and superficial inferior epigastric veins, but not of the 
saphenous veins. There was no evidence of trauma. The right calf 
was 4 cm greater in circumference than the left. The right thigh 
was 7.5 cm larger than the left. Routine admission laboratory data 
were normal. The phlebogram that had been sent with the patient 
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cytes characteristic of leiomyosarcoma (hematoxylin-eosin, x 40). 


showed an obstruction approximately 5 cm long in the right fem- 
oral vein (Fig 1). 

The patient was taken to the operating room on the night of ad- 
mission and, under general anesthesia, underwent exploratory 
surgery of the right groin. The common femoral vein was opened 
and a thrombus was found that appeared much older than ex- 
pected from the history of 48 hours of symptoms. This thrombus 
was removed, but good flow could not be achieved because of a 
large amount of adherent old thrombus in the iliac system. The in- 
cision was closed and a conservative regimen of heparin, low mo- 
lecular weight dextran, and elevation was initiated. Histologic ex- 
amination of the specimen removed revealed thrombus adherent 
to tissue with smooth muscle cells and fibrocytes having the char- 
acteristic appearance of leiomyosarcoma. 

In view of this finding, it was elected to perform a wide, local 
excision of the affected vessels and a radical lymph node dis- 
section. On the eighth postoperative day, the patient was returned 
to the operating room and radical dissection of the lymph nodes of 
the abdominal aorta, iliac vessels, and groin with removal of the 
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right external iliac, common femoral, and proximal parts of the 
superficial femoral, deep femoral, and saphenous veins was ac- 
complished. The femoral and iliac arteries, as well as the femoral 
nerve, were dissected free and preserved. The ligamentous defect 
was repaired by suturing the external oblique aponeurosis to the 
pubic bone. . 

Examination of the resected specimen revealed two adjacent 
masses at the saphenofemoral junction. These measured 1.8 and 
0.7 cm in greatest diameter and had thrombus attached to them. 
Microscopically they were leiomyosarcoma arising from vein (Fig 
2 and 3). All the lymph nodes were free of tumor. The patient’s 
postoperative course was satisfactory, and she was discharged on 
the 12th postoperative day wearing a full-length elastic stocking. 
She has now been observed for six years and there has been no 
evidence of recurrent tumor. 


COMMENT 


Leiomyosarcomas of blood vessels are rare and were ree _ 


cently comprehensively reviewed by Kevorkian and Cen- 
to.' Only 25 verified cases of leiomyosarcoma of large 
veins other than the vena cava have been reported. One of 
these occurred in the saphenofemoral junction, five in the 
femoral vein, and six in the greater saphenous vein. One 
of those in the saphenous vein was reported from this hos- 
pital in 1958.* Three have been reported in the iliac sys- 
tem; three in the jugulars. There are single reports of oc- 
currences of the colic, antecubital, pulmonary, azygos, and 
hepatic veins.’ 

To our knowledge, only one leiomyosarcoma of a periph- 
eral vein has been previously reported in a child.’ That 
also occurred in the saphenofemoral junction. It was found 
in a 3/4-year-old girl who was admitted with groin swell- 
ing. She was reported alive without recurrence six months 
after resection. 

These tumors have carried a high recurrence rate and 
mortality. Leu and Nipkow’s report* of a 40-year-old man 
with a small tumor of the saphenous vein, alive without 
evidence of recurrence at 2! years, is the longest survival 
previously reported. 
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- Sclerosing Cervicitis 


Dale H. Rice, MD; John G. Batsakis, MD; Stanley W. Coulthard, MD 


The first known case of an invasive, sclerosing fibrosis of the deep 


soft tissue of the neck is presented. The morbidity, clinical course, 
_ and, most importantly, pathological identity with sclerosing retroper- 
_ itonitis and sclerosing mediastinitis led us to consider this lesion as 


the cervical homologue of these lesions, ie, sclerosing cervicitis. 


CNclerosing retroperitonitis and sclerosing mediastinitis 

are incompletely understood fibrotic lesions of soft 
tissue that clinically simulate malignant neoplasms.' The 
retroperitoneal form occludes renal outflow and sclerosing 
mediastinitis obstructs venous outflow in the thorax. 
Grossly and microscopically, the mediastinal and retro- 


_ peritoneal lesions are similar, if not identical.’ This com- 


monality, however, does not necessarily imply a congener- 
ic origin, which in either instance is usually conjectural 
or considered idiopathic. In general, the process bears a 
strong histological resemblance to a fibrotic inflammatory 
lesion or keloid, yet its biological behavior is more that of 
a fibromatosis than of a fasciitis. 

In the region of the head and neck, two areas have been 
the sites of similar fibrous lesions: the thyroid gland and 
the orbit.’ In this article we present the first known ex- 
ample of an invasive sclerosing fibrosis of the neurovascu- 
lar compartment of the lateral part of the neck (sclerosing 
cervicitis). The histological findings and clinical course of 
this disorder qualify the process as a homologue to scleros- 
ing retroperitonitis and mediastinitis. 
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- Homologue of Sclerosing Retroperitonitis and Mediastinitis 


REPORT OF A CASE 


A 46-year-old man was admitted to the University of Michigan 
Medical Center for a recurrence of a mass in the right side of his 
neck. Biopsy examination and attempted removal of the tumor 
had occurred shortly after its initial appearance three years be- 
fore. 

The patient complained of right-sided headache and difficulty in 
swallowing. He had a 13.6-kg (30-pound) weight loss in the two 
months before his admission. 

A 3x3x4-cem hard mass was present posterior to the angle of 
the mandibula in association with an induration that extended 
over the mastoid and occipital areas. Trismus, paralysis of the 
right vocal cord, drooping of the right shoulder, and a serous otitis 
media on the right were present. There was no adenopathy and 
the thyroid gland was not palpable. 

Right common carotid and innominate angiograms demon- 
strated circumferential compression of the right internal carotid 
artery from its origin to the base of the skull (Fig 1 and 2). Tumor 
vessels were present in many areas of the mass. The right jugular 
bulb was indented and roentgenographic evidence of erosion of 
the first cervical vertebra and bony destruction of the medial as- 
pect of the jugular fossa and the lateral margins of the occipital 
condyle were present. A roentgenographic examination of the 
chest was normal. 

Because of the extent and nonresectability of the mass, biopsy 
examination only was performed. Because of the histological na- 
ture of the tumor, chemotherapy was not advised and the patient 
received a full course (5,000 rads) of cobalt therapy. The patient 
returned for a follow-up examination 11 months after his treat- 
ment. Neurological deficits were still present, but the patient was 
symptomatically much improved and was regaining weight. There 
was a subjective decrease in the size of the anterior portion of the 
mass. ° 


Pathological Examination ° à 

All previous material and the biopsy specimen from his last ad- 
mission were examined. All were similar in appearance, without 
change in character over the three-year period. v 
A proliferating, markedly invasive, and scar-like fibroblastic 
process was present in all sections examined. There was only min- ' 
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Fig 1.—Anteroposterior projection of right carotid arteriogram 
showing narrowing of right internal carotid artery up to base of 


Fig 3.—Sclerosing, well-hyalinized fibrosis interrupts atrophic 
skeletal muscle fibers (hematoxylin-eosin, X 100). 





imal variation from field to field, and this variation depended on 
the degree of hyalinization of the fibrous tissue. In many areas, 
highly acellular and nearly completely hyalinized tissue domi- 
nated with only atrophic, entrapped skeletal muscle fibers inter- 
rupting the histological monotony (Fig 3). Elsewhere, the degree 
of hyalinization was less pronounced, yet still scar-like in appear- 
ance. At the periphery of the fibrohlastic process, a blunt invasion 
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Fig 2.—Lateral subtraction x-ray film of right common carotid ar- 
teriogram showing narrowing of internal carotid artery. 


Fig 4.—Peripheral portions of sclerosing cervicitis showing focal 
collections of chronic inflammatory cells (hematoxylin-eosin 
x 100). 





of the adjacent soft tissue was manifested and here nodular and 
diffuse foci of chronic inflammatory cells (lymphocytes and plasma 
cells) and mast cells were present (Fig 4). 

Throughout the tissue, there was a striking encasement of 
nerves and vessels. Small veins were obliterated, and arteries and 
veins showed mural thickenings to the point of nearly complete 
occlusion. A perivascular chronic infiltrate was prominent in the 
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advancing margins of the proceśs. 
-= Except for the suggestion of a vasculitis (primary or second- 
ary?) no etiological basis for the fibroblastic proliferation was 
~ present. Necrosis Was singularly absent, entrapped lymph nodes 
q E „Were histologically normal, and results of a thorough microscop- 
“ical examinatioñ for occult metastatic desmoplastic carcinoma or 

_ lymphoma were normal. 
p 


COMMENT 


The presentation of this case adds yet another anatomi- 
i cal location for the occurrence of a uniquely distinctive fi- 
broblastic proliferation whose prototypes are sclerosing 
_ retroperitonitis and mediastinitis. Related lesions are Rie- 
a del struma, isolated mesenteritis, and perhaps some forms 
of systemic sclerosis.’ 
a The pathological descriptions given by Mitchinson: for 
p E pathic retroperitoneal fibrosis and by Hawk and Haz- 
ard’ and Hache et al’ for idiopathic fibrous mediastinitis 
a are identical to the deep neck lesion presented by our pa- 
tient. 

: i _ Etiological considerations for these lesions are numer- 
è and largely unsubstantiated, leading, therefore, to 
Ned temporary “idiopathic” characterization. The former 
_ have ineluded trauma, infection, lymphatic obstruction, 
vitamin E deficiency, localized inflammation of fibro- 
Be iae tissue, toxoplasmosis, leakage from vessels, and 
drug (maethysergide) induction.: To these we add the 
4 masquerading of desmoplastic carcinomas and sclerosing 
forms of lymphoma. Our patient gave neither historical 
nor pathological evidence of any of the above. The peri- 
= vascular inflammation and obliterative vascular changes 
-seen in our patient may or may not be pathogenetically 
_ significant since the patient manifested no other vascular 
= disease and, indeed, the histological changes may be sec- 

ai. oadary. 
Fe Whatever the inciting agent or agents may be, it ap- 
pears histologically clear that these fibroblastic lesions 
_ represent an exuberant host response to injury, not unlike 
- the formation of keloids in the skin.'~* If there is a clini- 
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cally benign counterpart, the benign, self-limited lesion 
known as nodular fasciitis may partially qualify since this + 
lesion does demonstrate some of the histological findings 
found in the invasive fibroses. To date, however, no ex- 
ample of nodular fasciitis has been associated with the 
morbidity attached to the sclerosing lesions found in the 
retroperitoneum, mediastinum, and now in the neck.‘ The 
local behavior of these lesions is more like that of the fi- 
bromatoses, and that differential diagnosis must always 
be considered. The relative acellularity and inflammatory 
features of sclerosing cervicitis, retroperitonitis, and me- 
diastinitis are, however, foreign to the fibromatoses.* 

Because this group of lesions are basically proliferating - 
scars, obstructive effects dominate the clinical picture as 
maturation and extension of the process occurs. In the me- 
diastinum, superior vena caval obstruction and the more 
serious stenosis of the pulmonary vein may require surgi- 
cal relief. Treatment, however, must be predicated on the 
natural history of these disorders (self-limited) and di- 
rected toward obviation of the secondary effects of the 
process.’ In our patient, the diffuse, ligneous ensheath- 
ment of the carotid artery and the proximity to the base 
of the skull makes this acellular fibrous proliferation as 
potentially deadly as a malignant neoplasm. Whether the 
radiation given arrested the progress of the lesion or 
whether the lesion itself had run its course is conjectural 
at this time. 
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Postgraduate Work 
can be Beautiful 


AMA Clinical Convention/Honolulu, Hawaii 
November 30 -December 5, 1975 


The trouble with most conventions is you never have enough 
time — or enough energy left at the end of the day — to really enjoy 
your surroundings. 

Not so with this convention. The program, while one of the 
most intensive ever offered, has been carefully arranged to give 
you a long, refreshing break in the afternoons. 


Your main working hours are between 7:15 a.m. and Noon 
The emphasis is on continuing medical education. Among the 29 
postgraduate courses offered: “‘Birth Defects and Clinical Moni- 
toring,’ ‘Practical Endocrinology,’ ‘Normal and Abnormal 
Uterine Bleeding,” “‘Infectious Diseases in Children,” ‘Peripheral 
Vascular Disease,” “‘Hyperlipidemia.’’ Also on the agenda are 
general sessions on Weight Control, Alcoholism, Human Sexual- 
ity and some fascinating topics indigenous to Hawaii. / 


After Noon, Hawaii is yours to explore without feeling you're 
missing something really important. 
The special activities list for the Woman’s Auxiliary is growing 
longer and longer. Also, there are several optional sightseeing 
tours and events. Time is yours to discover all the reasons why 
Hawaii is often called Raradise Found. 


The AMA will make arrangements for all your air, travel and 
kotel needs. ? 

Pre- and Post-Convention Tours. 

You have a marvelous selection! The neighboring Hawaiian 
Islands . . . the Orient... the South Pacific... even a 31 day trip 
around the world. At least one will fit into your time schedule. 


Flight arrangements to Hawaii. 

The AMA Control Center will help you take advantage of the 
lowest airfares possible. There is no service charge... not even 
for special arrangements. 


Write or calbthe AMA Control Center Today! 

Send for a Hawaii '75 booklet. It previews the scientific program 
and should answer niany of your questions on the travel portion 
of the Convention. For those questions it doesn’t answer, do call 
(342) 782-3462. There is no obliaation. ‘x 


SEND ME A FREE HAWAII '75 BOOKLET TODAY! 
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- Now available! 


. AMERICAN 
MEDICAL 
DIRECTORY 


A One-of-a-kind reference! 

The DIRECTORY indexes all U.S. physi- 
cians in the U.S. and possessions, 

those serving in the Armed Services, 
Veteran’s Administration, Public Health 
Service, and those U.S. physicians 
residing temporarily in foreign countries. 





Separate indexes for faster references! 

This 26th edition consists of 4 hard-bound volumes. One is alphabetically 
indexed; three are geographically indexed. (Each volume contains a separate 
set of explanatory keys and code numbers to make your references easier 
and faster.) 


More than 371,000 entries! Each one with a biographical history current 
as of December, 1973! 

Comprehensiveness and accuracy are assured by a full-time staff of more 
than 100 people, working with the latest record-keeping facilities, to 
constantly update and verify each physician’s record. 


Review this sample entry! 
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D. State of medical education 
E. School attended American Specialty Board 
F. Year of M.D. degree Certification 


INDEXED ALPHABETICALLY BY CITY AND COUNTY WITHIN EACH STATE. 


G. Year of licensure 

H. Primary specialty first; 
followed by secondary 
specialty, if reported by 
physician, both in bold 
face type 
Type of practice 
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RA V i ” (Multi-Vitamin 
Ph {ES infusion) 


Each 10 cc. ampult or 5 cc. Concentrate 

vial!’ provides: 

Ascorbic acid (C) 

Vitamin A* 

Vitamin D* 
(ergocalciferol).......... 

Thiamine HCI (B+) 

Riboflavin (B2)t (Mish EOE PAE es UE 

Pyridoxine HCI (Bs)..... 

Niacinamide ............ 

Dexpanthenol PONE ET S eee 

Vitamin E* ; 

(dl-alpha tocopheryl! acetate).....5 Int.Units 


‘With sorethytan laurate 1%, sodium hy- 
droxide 1%; and gentisic acid ethanolam- 
ide 2% as preservative. 


# With propylene glycol 30% as stabilizer and 
preservative, sodium hydroxide for pH ad- 
justment, and sorethytan laurate 1.6%; in 
Concentrate as riboflavin-5-phosphate. 


*Oil-soluble vitamins A, D and E water 
solubilized with sorethytan laurate; cover- 
ed by U.S. Patent No. 2,417,299. 


BRIEF SUMMARY 


INDICATIONS: in emergency feedings— 
Surgery, extensive burns, fractures and 
other trauma, severe infectious diseases. 
comatose states, etc. may provoke a 
“stress” situation with profound alterations 
in the body's metabolic demands and 
consequent tissue depletion of nutrients. 
As a result, wound healing may be im- 
paired, enzyme activity disturbed, hema- 
topoietic tissues affected; hypo- 
proteinemia and edema may appear; con- 
valescence is thus prolonged. 

In such patients M.V.I. (administered in in- 
travenous fluids under proper dilution) 
contributes optimum vitamin intake toward 
maintaining the body’s normal resistance 
and repair processes. 

DIRECTIONS FOR USE: M.V.I. is ready 
for immediate use when added to in- 
travenous infusion fluids 

For intravenous feeding, one daily dose of 
10 cc. of M.V:I. or 5 cc. of M.V.. Concen- 
trate added directly to not less than 500 
cc., preferably 1,000 cc., of intravenous 
dextrose, saline or similar infusion solu- 
tions. ..olasma, protein hydrolysates, etc 
PRECAUTION: Allergic reaction has been 
known to occur following intravenous ad- 
ministration of solutions containing thia- 
mine. 

CAUTION: Not to be given as a direct 
undiluted intraver.ous injection as it may 
give rise to dizziness, faintness, etc. 
THERAPEUTIC NOTE: Intravenous use 
should be discontinued as early as prac- 
tical in favor of an intramuscular or oral 
vitamin preparation. if deemed advisable 
HOW SUPPLIED: M.V.!.—10 cc. ampuls, 
boxes of 25 and 100. 

M.V.1. CONCENTRATE—5 cc. vials, boxes 
of 25. Available in 100's only. 


1,000 U.S.P. Units 
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M.V.. 


(Multi-Vitamin Infusion) 


short term or long term 


Amore comprehensive parenteral 
vitamin formula because... 


M.V.I. includes not only the B complex* and C 
vitamins but also the fat-soluble vitamins A, 
D and E—water solubilized for faster, 
more complete absorption. 


< See opposite page for product See 
Brief Summary. 
Bi ie 


*M.V.1. formula Contains vitamins B;, Bo, 
niacinamide, dexpanthenol and B4. If needed, 
vitamin K, vitamin B> and folic acid may 
be optional additions to parenteral nutrition 
programs utilizing M 
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The Retroclavicular 


John S. Pierandozzi, MD; 


ymptomatic occlusive disease of the proximal por- 
tion of the subclavian artery can be managed by sev- 
eral different operative techniques, the most commonly 
used being the carotid-subclavian bypass. We are submit- 
ting a new operative approach: the retroclavicular common 
carotid axillary bypass technique. 

For the past two years we have favored this technique 
over the carotid-axillary artery approach for the following 
reasons: The proximal part of the axillary artery is far 
more superficial than the subclavian and can be readily ex- 
posed through an infraclavicular pectoralis major muscle- 
splitting incision. Also, the length of axillary artery 
available for anastomosis is considerably longer and less 
fragile than the subclavian artery. The subclavian artery 
exposure is a deep one, limited by the unyielding clavicle 
and confined to a very small area of exposure. On the left 
side, the thoracic duct can present problems of lymphor- 
rhea if it is inadvertently lacerated. With the division of a 
few small branches of the axillary artery, it can be ele- 
vated to a very superficial position, making the bypass 
anastomosis much easier to accomplish. The use of the sec- 
ond incision is much less of a technical problem than the 
dissection necessary to expose the subclavian artery. The 
longer distance between the common carotid and axillary 
arteries presents fewer technical disadvantages than the 
use of an extremely short segment of graft, which is usu- 
ally necessary in the carotid subclavian bypass. The expo- 
sure of the common carotid can be made through a small, 
medially placed transverse supraclavicular incision with 
partial division of the sternocleidomastoid muscle. The 
retroclavicular tunnel can be easily created with blunt dis- 
section, and the space between the clavicle and first rib in 
the laterally placed tunnel is quite adequate for the pas- 
sage of an 8- to 10-mm Dacron graft. There have been no 
problems with vascular compression of the graft in any of 
the shoulder and head maneuvers. Shumacker' has re- 
cently described a carotid axillary bypass procedure, al- 
though he described passing the graft in a subcutaneous 
position anterior to the clavicle. There might be some dis- 
advantages to this: the bypass graft isein a more vulner- 
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Subclavian Artery Occlusion | i 


Common Carotid Axillary Bypass 


Anthony Ingala, MD; Stanley Z. Cowen, MD 


U 


Axillary Artery 
Axillary Vein 


Exposure of carotid and axillary arteries. 


able and angulated position. In the retroclavicular tech- 
nique, the graft is in a well protected position. 

The essentials of the retroclavicular technique (Figure) 
are as follows: The proximal portion of the common ca- 
rotid artery is exposed first via medially placed transverse 
supraclavicular incision. Partial or complete division of 
the sternocleidomastoid muscle is usually necessary, this 
muscle being reapproximated with the wound closure. The 
common carotid artery is exposed for an adequate length 
to allow the use of an intraluminal shunt during the by- 
pass anastomosis. In patients with combined carotid bi- 
furcation and proximal subclavian occlusive lesions, a ver- 
tical incision has been used to expose both the carotid 
bifurcation and the proximal part of the common carotid 
artery. (In these cases, the carotid bifurcation endarterec- 
tomy is done first.) Following adequate exposure of the 
common carotid artery, the proximal part of the axillary 
artery is exposed through a transverse infraclavicular in- 
cision, the pectoralis major muscle being split parallel to 
its fibers and the proximal part of the axillary arte- 
ry mobilized medial to the pectoralis minor tendon and 
muscle. The pectoralis minor tendon may be severed if ad- 
ditional exposure and length of artery are necessary. Divi- 
*sion of the small branches of the axillary artery is usually 
_ advisable so that the axillary artery can be further ele- 


_ Arch Surg/Vot 110, Jan 1975 





vated into a more superficial position. The retroclavicular 
tunnel is then created by blunt dissection, beginning in 

the neck in a plane deep to the deep cervical fascia and an- — p 

terior to the scalene fat pad and continuing laterally par- es 
allel to the neurovascular bundle to approach the proximal A w 
portion of the axillary artery retroclavicularly. At this- is 
point the clavipectoral fascia can be easily penetrated by a — i 
blunt instrument and the tunnel is easily enlarged by fin- 
ger dissection. The common carotid graft anastomosis is 

then carried out, using an end-of-graft-to-side-of-com- Bi’ 

mon-carotid-artery technique. We have used either 8- or a 

10-mm Dacron grafts or saphenous vein for the bypass. 
The ends of the grafts are suitably beveled to allow — 
oblique passage of the graft through the retroclavicular 
tunnel. During the anastomosis we have used an intra- Be 
luminal common carotid shunt. Following the completion _ 
of the common carotid artery graft anastomosis and re- 
moval of the intraluminal shunt, the graft is clamped 
distal to the anastomosis to allow resumption of blood 
flow through the common carotid artery. The graft is a 
then passed retroclavicularly through the previously | 
created tunnel, and an end-of-graft-to-side-of-axillary-ar- 
tery anastomosis is carried out to complete the bypass pro- 
cedure. ee 

In our group of six patients, the indications for bypass — a, 
procedure were primarily ischemic upper extremity symp- 
toms and/or associated subclavian steal syndrome. Two of 
our patients had associated symptomatic carotid bifurca- ae 
tion atherosclerotic occlusive lesions requiring simultane- 
ous endarterectomy of the carotid bifurcation. One of our 
patients had proximal left common carotid artery occlu- 
sive disease with normal patency of the subclavian artery. 
A carotid axillary bypass procedure was done to restore 
carotid blood flow. 

There have been no technical problems with the ret- 
roclavicular common carotid axillary bypass technique. 
The laterally placed retroclavicular tunnel allows ade- E 
quate space between the clavicle and the first rib. All of 
our Dacron and vein grafts have remained patent, with 
the longest follow-up being two years. 
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1. Shumacker HB Jr: Carotid axillary bypass grafts for oeclu- 
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col Obstet 136:447-448, 1973. 
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= Letters to the Editor 


The editor wilt be pleased to receive cor- 
respondence of 250 words or less that per- 


C” tains to material published in the Ar- 
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Fibrous Tumor of the Breast 
To the Editor.—I am writing in re- 


= sponse to the article “Fibrous Tumor 
_ Of the Breast” by Puente and Potel 
= (Arch Surg 109:391, 1974). While the 
_ authors should be congratulated for 
_ delineating this entity, I, as a pathol- 
= ogist, take exception to their state- 
= ment that the pathologist “limits 


Tell 
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himself to describing what he sees in 
a small fragment of tissue. He pro- 


This attack on the pathologist is 
somewhat muted by the editorial 


È = comment by Dr. Haagensen: “The pa- 


= thologist has a scrap basket into 


which he throws a whole series of be- 
~ nign lesions of the breast and labels it 


=- ‘chronic cystic mastitis’ or ‘fibrocystic 


= disease.” ” The reason for this is that 
= traditionally fibrosis of the breast has 


been described in textbooks of pathol- 


= Ogy as a variant of “mammary dys- 
= plasia” (here we go again, another 
confusing term!) or “fibrocystic dis- 
ease.” Thus, Kuzma’ writes: “On the 
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= basis of histologic interplay (in the 
= lobule) between epithelium, myoepi- 
-~ thelium, lobular connective tissue, 


stromal connective tissue and in- 
flammatory cells, mammary dysplasia 


_ may be multiform.” He then proceeds 


to discuss the first type, mazoplasia 


= (mastodynia, early phase with min- 


imal change): “Cutting is somewhat 


difficult and a section so made pre- 
sents a white, poorly demarcated, 


dense, irregular, stiff, and tough sub- 
stance marked by minute pinkish dots 
of the parenchyma.” Microscopically, 
“the essential change in mazoplasia is 
a moderate thickening and increase 


He of the lobular stroma and its fusion 
= with the general connective tissue.” 
= From the similarity of this descrip- 


tion to the authors’ description of the 
“fibrous tumor of the breast,” one can 
see why pathologists recognize this 
entity but call it “interstitial fibro- 
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sis, mazoplasia, sclerosing mastop- 
athy, and so on” as a part of the spec- 
trum of fibrocystie disease. The sur- 
geon, in general, has taken the atti- 
tude, “Call it what you like as long as 
it is benign.” Dr. Haagensen, with his 
years of experience and wisdom, is 
right in saying that “Both the sur- 
geon and the pathologist are unaware 
that these various lesions have indi- 
vidual natural histories and that it is 
worthwhile sorting them out.” I am 
happy that this article was published 
in the ARCHIVES so that the surgeons 
who read it become aware of this en- 
tity, and cooperate with their surgical 
pathologist to separate this entity 
from the “scrap basket” of fibrocystic 
disease of the breast. 


M.S.N. Murtuy, MD 
Columbus, Ohio 


1. Kuzma JF: “Breast,” in Anderson 
WAD (ed): re pees | ed 6. St. Louis, CV 
Mosby Co, 1971, pp 1584-1585. 


Diagnostic Tap of Hernial Sac 


To the Editor.—Exploratory punc- 
ture of the abdominal cavity is a 
routine procedure in patients with 
clinical symptoms of internal hemor- 
rhage. Unfortunately, it is not always 
diagnostic; many times the lap- 
arotomy reveals blood when the punc- 
ture is negative. I have recently 
had occasion to examine two patients 
with intraperitoneal hemorrhage, pa- 
tients who also had inguinoscrotal 
hernias. In addition to the usual con- 
tent of the hernial sac, physical signs 
of fluid were obvious. A simple punc- 
ture of the hernial sac produced un- 
coagulable blood. The patients were 
operated on and a ruptured spleen 
was found in both. 

General practitioners and surgeons 
might try this puncture in order to at- 
tempt to confirm my impressions de- 
rived from these two observations. 

EMIL CARDAN, MD 
Cluj, Romania 


Technique of Mediastinoscopy 


To the KEditor.—Dr.  Sabiston 
pointed out (Arch Surg 109:118, 1974) 
that mediastinoscopy in patients with 
carcinoma of the lung is controver- 
sial. He further pointed out that some 
surgeons hold that patients with me- 
diastinal metastases are not candi- 
dates for thoracotomy. I think it is 
important to clarify this to the extent 
that patients who have oat cell carci- 


noma with mediastinal metastasis 
are probably not candidates at all. 
Patients who have epidermoid carci- 
noma or adenocarcinoma with ipsi- 
lateral metastasis may be resectable 
and should at least undergo explor- 
atory surgery. However, patients who 
have contralateral metastasis are 
probably not operable (curable). This 
leaves another can of worms to con- 
template. Should patients who have 
only ipsilateral mediastinal metasta- 
sis then be subjected to scalene node 
biopsy? Clearly, a patient in that situ- 
ation with a positive scalene node 
biopsy would be inoperable. 

As Dr. Sabiston has stated, this is a 
very controversial subject, but much 
of this controversy could be elimi- 
nated if we were to set fairly strict 
guidelines in our preoperative assess- 
ments. 

JOHN M. KESHISHIAN, MD 
Washington, DC 


Hematologic Integrity 
After Intraoperative Allotransfusion 


To the Editor.—I am puzzled by the 
use of the word “allotransfusion” in 
the article “Hematologic Integrity Af- 
ter Intraoperative Allotransfusion”’ 
by Drs. Aaron, Beazley, and Riggle 
(Arch Surg 108:831, 1974). Should not 
the prefixes auto- and allo- be used in 
reference to blood as they are used in 
reference to grafted tissue where 
auto- means tissue grafted from the 
recipient to himself and where allo- 
means tissue grafted from another 
human being to the recipient? If 
so, “intraoperative autotransfusion” 
would seem preferable. 

HEINRICH LAMM, MD 
Harlingen, Tex 


To the Editor.—On reading the title 
“Hematologic Integrity After Intraop- 
erative Allotransfusion” (Arch Surg 
108:831, 1974), I was very interested 
to see whether or not cross-species 
transfusion was being investigated 
again, but on reading the article, as 
well as the editorial comment about 
it, I see that it is not allotransfusion 
at all but autotransfusion. I cannot 
imagine any defense of choice of the 
prefix allo- as it means “other.” With 
reference to grafting or transfusions 
the prefix allo- would suggest cross- 
species transfer, the prefix homo- 
would suggest transfer within the 
same species, and the prefix auto- 





would indicate transfer in the same® 


individual. I am certainly curious as | 


` 
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to why Dr. Aaron and his colleagues 
elected to introduce a new term when 
‘autotransfusion” is clearer seman- 
tically and has also been a part of the 
literature to date. 
Davip H. BARNHOUSE, MD 
Pittsburgh 


Drs. Lamm and Barnhouse are, of 
course, correct. How the term “allotransfu- 
sion” instead of “autotransfusion” got by 
the authors, the editors, and the editorial- 
ist is inexplicable.—Eb. 


Necrotizing Fasciitis 
Complicating Dental Extraction 

To the Editor.—We recently treated 
a ease of necrotizing fasciitis of the 
neck following removal of a tooth 
that emphasizes the role of aggres- 
sive surgical treatment in this entity. 

Report of a Case.—A 51-year-old 
nondiabetic man underwent extrac- 
tion of a noninfected right upper sec- 
ond molar. Two days later he had 
marked facial swelling with a tem- 
perature of 40.6 C (105 F). Abscesses 
of the right temporal, buccal, sub- 
mandibular, submental, and para- 
pharyngeal spaces were drained. 
Beta-hemolytic streptococci grew 
from the cultures. Intravenous ad- 
ministration of penicillin was started, 
and he improved for 48 hours. He 
then spiked to 39.4 C (103 F) and rap- 
idly developed severe swelling infe- 
riorly to the clavicles. Brawny, non- 
crepitant induration extending to the 
nipples appeared within three hours. 
Roentgenograms showed a widened 
superior mediastinum and gas in the 
retropharyngeal space. 

A low transverse cervical incision 
was made, superior and inferior flaps 
created, and the deep cervical fascia 
widely exposed. The cervical fascia 
was necrotic; dark brown, foul-smell- 
ing fluid was present without frank 
pus. Each compartment of the deep 
cervical fascia was opened and de- 
brided, including the retropharyn- 
geal-prevertebral space, but care 
was taken to preserve the carotid 
sheath. The retrosternal space was 
drained of 200 ml of foul-smelling 
fluid, and the mediastinal fascia 
bluntly dissected to allow adequate 
drainage. Postoperatively, the fas- 
viitis did not spread; the induration of 
the chest wall cleared rapidly, and the 
patient recovered. 

e Early complete surgical debride- 
ment with removal of all necrotic 
-nonviable tissue is the primary treat- 
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ment of necrotizing fasciitis.’ In the 
neck, all compartments must be 
widely opened, while leaving the ca- 
rotid sheath intact as an added pro- 
tection to the carotid artery. Failure 
to control the necrotizing process 
early generally leads to a fatal out- 
come. Crowson recently described a 
similar patient with fasciitis of the 
neck following tooth removal who 
died in spite of vigorous debride- 
ment.? Knowledge of this clinical en- 
tity and its proper management is es- 
sential to the surgeon who may be 
consulted to help treat such a compli- 
cation. 
J. DAVID RICHARDSON, MD 
GERALD L. Fox, DDS 
FREDERICK L. GROVER, MD 
ANATOLIO B. Cruz, JR., MD, MS 
San Antonio, Tex 


1. Andrews EC, Cruz AB Jr: Necrotizing 
fasciitis: Diagnosis and treatment. Tex 
Med 65:50-55, 1969. 

2. Crowson WN: Fatal necrotizing fas- 
ciitis developing after tooth extraction. 
Am Surg 39:525-527, 1973. 


Operative Cholangiography 


To the Editor.—The article on ‘“Op- 
erative Cholangiography” by Sach- 
atello and Griffen (Arch Surg 109:454, 
1974) brought to mind a few com- 
ments on the subject that may be ap- 
propriate. Most of these points have 
been made by others, but they still 
will benefit by the emphasis of repeti- 
tion. 

First, if operative cholangiography 
is to be of greatest usefulness it 
should be used in all cases, not in just 
those patients with anatomical find- 
ings suggesting choledochal disease 
or pancreatitis. Reliance on the usual 
clinical criteria for exploration of the 
common duct has long since been dis- 
credited as inadequate for maximal 
clearance of calculi from the extra- 
hepatic biliary tree. The accuracy 
of this statement is attested to by 
the many articles on retained stones 
that have been published. Further- 
more, when roentgenograms are ob- 
tained on an occasional basis, they 
will frequently suffer from technical 
inadequacies. Needless to say, opti- 
mum results from roentgenograms of 
any sort require technical excellence. 

Second, in patients with very small 
ducts the technique that I have seen 
Crile use provides satisfactory visual- 
ization without risk of injury or other 
technical misadventure. This consists 
of mobilizing the gallbladder from 
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above down, manuatly milking stones 
from the neck of the gallbladder into 
the fundus, followed by the appli- 
cation of a clamp across the neck. A 
needle is easily introduced at this 
point for the injection of, the radio- 
paque media. > 

Third, and probably ofsgreatest im- 
portance, is a point emphasized by 
Philip Partington of Cleveland as a 
safety measure in those patients in 
whom the regional anatomy is ob- 
scured by disease. A cholangiogram 
obtained early in the course of the 
dissection usually by means of a 
needle in the gallbladder, will clarify 
the anatomical obscurities. It will alse 
demonstrate anomalies of the ductal 
system when they are present. Those 
surgeons who have not previously uti 
lized cholangiography at an early 
time during difficult dissections will 
find it extremely helpful. The patient __ 
who unknowingly escapes injury to — 
his ducts will, of course, derive the 
greatest benefit. 





CHARLES ECKERT, MD 
Albany, NY 
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Books 


Robert M. Ggldwyn, MD 
Book Review Editor 
1101 Beacon St 
Brookline, Mass 02146 
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Malignant Lymphoma: Nodal and Ex- 
tranodal Diseases, by Yeu-Tsu N. Lee and 
John S. Spratt, Jr., 411 pp, $17.50, Grune & Strat- 
ton Ine, 1974. 


The treatment of malignant lym- 
phoma has advanced tremendously 
with the development of curative su- 
pervoltage radiotherapy and combi- 
nation chemotherapy. The efficacy of 
these two modalities is well estab- 
lished. Why then, as expressly stated 
by the authors, should two surgeons 
write a book on the subject of malig- 
nant lymphoma? A concise answer to 
the question is found in their mono- 
graph. 

A comprehensive review of the lit- 
erature of the past ten to 15 years 
was combined with a summary of the 
extensive clinical experience of the 
Ellis Fischel State Cancer Hospital 
(EFSCH) at Columbia, Mo. The mate- 
rial is divided into the Hodgkin and 
non-Hodgkin categories of lympho- 
ma. The chapters cover the subject 
in an orderly fashion, proceeding 
through the topics of the role of the 
surgeon in diagnosis, staging, and 
treatment of complications of malig- 
nant lymphoma. Additionally, the 
subjects of the clinical and patholog- 
ical aspects, as well as the role of 
chemotherapy and radiotherapy, are 
discussed. 

The literature review is thorough, 
current, and well presented. Pains- 
taking care is evident in the prepara- 
tion of the review material in a brief, 
yet concise, manner. With the utiliza- 
tion of that institution’s unique 
three-dimensional survival graphs, 
the EFSCH clinical material is pre- 
sented with remarkable lucidity. Par- 
ticularly outstanding were the chap- 
ters on “Surgery for Complications in 
New Conditions,” “Surgery and Ra- 
diobiological Changes,” and “Staging 
Laparotomy and Splenectomy.” 

Clearly, the surgeon will become 
more intimately involved in the care 
of these patients as staging proce- 
dures receive wider application. Addi- 
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tionally, the improvement of response 
rates and survival results with ra- 
diotherapy and chemotherapy carry a 
potential for long-term complications 
or the development of new conditions. 
This volume, then, is highly recom- 
mended to surgeons. Each internist, 
radiotherapist, or chemotherapist 
called on to render care to a sub- 
stantial number of lymphoma pa- 
tients would find it a valuable and 
practical addition to his library. 
EDWARD A. Luce, MD 
Baltimore 


Anorectal Surgery, by E.S.R. Hughes and 
A.M. Cuthbertson, 322 pp, 300 illus, $17, JB Lip- 
pincott Co, 1973. 


Anorectal Surgery is a proctologic 
textbook whose scope is well defined 
in the Australian authors’ preface as 
not being a comprehensive treatise on 
anorectal anatomy, physiology, pa- 
thology, and surgery, but rather a 
scholarly review of the authors’ ex- 
tensive clinical and scientific expo- 
sure to this area. As such, biases con- 
cerning preferred forms of therapy 
are bound to surface, and they do, but 
with generally very good documenta- 
tion of underlying rationale and clini- 
cal results. 

The format of this paperback publi- 
cation is logical and readable. The 
section on surgical anatomy is com- 
prehensive but suffers in part from an 
attempt to demonstrate the various 
complicated pelvic spaces and fascial 
components with black and white pho- 
tographs of dissected anatomic speci- 
mens. Multicolored drawings might 
have served this purpose more clearly. 

At times, the text is too fundamen- 
tal to the point of assuming no knowl- 
edge or common sense on the part of 
the reader, for example, the section 
entitled “Investigation of Anorectal 
Disease.” The chapters in the section 
entitled “Anorectal Suppuration” 
present a lucid classification and prac- 
tical therapeutic approach with an ob- 


viously broad clinical experience from 
which to draw. This experience sim- 
ilarly entitles the authors to address 
themselves authoritatively to the sub- 
jects of pruritis ani, anorectal pain, 
and rectal bleeding, which are han- 
dled very well. One hundred seventy- 
eight abdominoperitoneal repairs of 
rectal prolapse (with laudable results 
employing various well-described 
methods) attest to the wealth of clini- 
cal material underlying this volume. 
Electrocoagulation of rectal carci- 
nomas is mentioned all too briefly, 
and there is no mention of other cur- 
rently innovative areas, such as the 
use of fiberoptic flexible endoscopy 

and the carcinoembryonic antigen. 
This book cannot be recommended 
to the medical student or house offi- 
cer seeking his first comprehensive 
pedagogic exposure to anorectal dis- 
orders. However, for one well versed 
on the subject whose practice includes 
patients with proctologic disorders, 
Anorectal Surgery offers a useful, 
clear, concise, and well-documented 
resumé of several authorities’ exten- 

sive clinical experience in this field. 
CHARLES G. Watson, MD 

Pittsburgh 


Portal Hypertension, vol 14 in Major 
Problems in Clinical Surgery series, edited 
by Charles G. Child III, 283 pp, $13.50, WB Saun- 
ders Co, 1974. 


This is a convenient small volume 
of 283 pages that looks like the pre- 
ceding 18 monographs in this series. 
The editor of this volume, Charles 
Child III, MD, also wrote most of the 
first monograph in this series, The 
Liver and Portal Hypertension. The 
instant success of that volume did 
much to establish the widely used 
Child criteria for evaluating oper- 
ative risk. Now, a decade later, the 
reader might expect a revised second 
edition. Instead, this volume brings 
together the latest thinking of 17 
eminent authorities. There are 11 
chapters, each with a principal author 
who has made a different and notable 
contribution to the surgery of bleed- 
ing esophageal varices. Dr. Child has 
asked each author to write his current 
opinion of the subject. As a result, 
there is some inevitable duplication. 
Several authors discuss the pathogen- 
esis of portal hypertension on thé 
basis of their own investigations. 
Where such talented authorities 
agree on a principle, it can be ag 
cepted as gospel. Where they differ, 
the field is clearly unsettled, and sur-. 
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prisingly little seems repetitious. 

While not all chapters are out- 
*standing contributions, at least six of 
the 11 are. There is a chapter by Rob- 
ert Linton, MD, of the Massachusetts 
General Hospital, that has distilled 
the full experiences of a distinguished 
career. The chapter begins with the 
design and use of the Linton tube, 
and follows with the indications and 
technique for transthoracic ligation 
of varices. Definitive treatment by 
the classical end-to-side splenorenal 
shunt is described in detail and docu- 
mented by late results from the 
earliest series. 

Jeremiah Turcotte, MD, Child’s suc- 
cessor as chairman of the Depart- 
ment of Surgery at the University of 
Michigan, brings up to date the re- 
sults of portacaval shunting at that 
institution, describes recent refine- 
ments in technique, and the use of 
mesenteric angiography in preopera- 
tive evaluation. The fundamental he- 
modynamic investigations of Gardner 
Smith, MD, lay the groundwork for 
understanding newer shunt proce- 
dures. W. Dean Warren, MD, and 
Atef Salam, MD, discuss the rationale 
for and results of their innovative 
new procedure, selective distal spleno- 
renal shunt. In doing so, they pre- 
sent important data and concepts on 
the relation of hepatic function to 
blood flow. The classic studies on liver 
morphology before and after shunts 
are presented by Lucien Leger, MD, 
and his associates at the Hospital Co- 
chin in Paris. Portal hypertension in 
infants and children is discussed by 
H. William Clatworthy, MD, together 
with the results of his own side- 
to-end mesocaval shunt. But perhaps 
more helpful is his full review of 
delaying tactics in growing children 
and alternatives for the “unshunt- 
able” patient. 

In a volume so short, there would 
have to be notable omissions, and 
there are some. The recent refine- 
ments in endoscopic diagnosis, vaso- 
pressin injection (Pitressin) adminis- 
tered via infusion, and prostheses for 
mesenteric caval H-graft shunts are 
mentioned only briefly. The authors 
responsible for developing the most 
significant data from controlled clini- 
cal trials in shunt surgery are rep- 
resented only* by Thomas Chalmers, 
MD, who briefly condemns prophy- 
lactic shunts. However, this is a 
wide-ranging small volume that is 
readable, up-to-date, authoritative, 


. _ well-documented, and critically refer- 
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enced. It can be recommended to stu- 
dents and house staff. It will be 
widely quoted and frequently con- 
sulted because it provides important 
help for every clinician who must deal 
with variceal hemorrhage. 

DAN W. ELLIOTT, MD 

Pittsburgh 


The Cervical Spine, by Robert W. Bailey, 
263 pp, $20, Lea & Febiger, 1974. 


The Cervical Spine by Robert W. 
Bailey of the Department of Orthope- 
dic Surgery at the University of 
Michigan Hospitals is a short volume 
encompassing many aspects of cervi- 
cal spine disease, ranging from con- 
genital abnormalities to infections. 
Several coauthors have contributed 
worthwhile chapters to this book, no- 
tably Edgar Kahn. 

In general, this book serves best as 
an introduction to the various dis- 
orders of the cervical spine and it 
should have appeal to the neophyte in 
orthopedic or neurological surgery 
who will read it critically. 

The book is well illustrated. The or- 
ganization of the material leaves 
something to be desired. Sections on 
congenital abnormalities and func- 
tional neuroanatomy are scattered in 
several chapters. 

Important chapters by the senior 
author on surgical technique, fracture 
dislocation, and disk disorders and 
degenerative arthritis represent per- 
sonal views and experience with little 
reference to the thinking and tech- 
niques of others, such as Cloward in 
this country and Verbiest in Europe. 
Case reports in the chapter on disk 
disorders and degenerative arthritis 
are all illustrative of therapeutic suc- 
cess with the use of anterior inter- 
body fusion. No mention is made of 
failure with the use of this technique 
to treat neck pain and brachialgia; no 
mention is made of the nature and 
type of postoperative complications 
that can and do occur. The use of 
myelography is unfortunately down- 
graded. There is little reference to 
the use of the posterior approach for 
the treatment of cervical radicu- 
lopathy. 

In the discussion of fractures and 
dislocation, there is an unfortunate 
separation between the orthopedic as- 
pects of such injuries and the attend- 
ant neurosurgical aspects of spinal in- 
juries. There is insufficient emphasis 
on the dictum that the primary goal 
of treatment is the preservation or 
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restoration of spinal cord function 
following trauma. 

Chapters on dynamic anatomy and 
cinematoradiography, infections, and 
tumors of the cervical spine are excel- 
lent. 

MELVIN SHAFRON, MD 
Cleveland 


Elective Incisions and Scar Revision, 
by Albert F. Borges, 316 pp, $28.50, Little Brown 
& Co, 1973. 





The author demonstrates a sincere 
interest in scars, their multiple vari- 
ations as related to cause and location | 
on the body, and solutions for their 
correction. He has discussed the prob- 
lem of scar production from the _ 
standpoint of tension forces, foreign _ 
body exposure, infection, and so on. 
His main interest lies clearly in the — 
push-and-pull effect of muscular — 
forces in relation to the skin, the re- 
sultant tension lines that oceur, and 
the interplay of these forces in rela- _ 
tion to scar production. The main — 
thesis rests clearly in the manage- ` 
ment of these tension forces, placing _ 
them in their most neutral position, 
to gain the finest scar possible. In this _ 
regard, his discussions, at times, be- 
come a mild assassination of the En- 
glish language with multiple abbre- 
viations. If one were to use this text 
as a reference text, one might find 
difficulty in interpreting the letter | 
abbreviations of RSTL, ATL, and so 
forth. Lack of clarity in definition of 
these terms periodically throughout 
the text would be a criticism that I 
think many would raise who have not 
read the text from beginning to end. 

Caution regarding the prognosis in 
the management of scars and the 
management of wound closure from — 
the standpoint of tension, infection, 
and materials used is well presented. 
The author is to be commended for 
clearly outlining that not everything 
should be treated with a W-plasty, an 
innovation of the author’s. There are 
times when simple excision, a Z- 
plasty, or combinations of these pro- 
cedures are preferable, and this is 
well documented. Plans for scar revi- 
sion are well presented, and exem- 
plary cases are worthwhile and help- 
ful to the student dealing with scar 
problems, whether he be at the gradu- 
ate, postgraduate, or the practitioner 
level. Again, in scar revisions, caution 
regarding the expectations from pro- 
cedures such as dermabrasion, plan- 
ing, and so on, are well stated and of- 





pye 














‘ =< i n —_—"* 
i> ~ Th i A ane < el wè í 


A Books 131 f 


neu: aaa a 


> +) wa E wA row) VELT is F mma 
F FE, T EJ ya e. f 
. n rsr r 
’ - - ` - 


Park? ; 
ok ease ` 

j = 4 
| 


~ fer conservative guidelines. — 
ane The text is well illustrated with 
clinical material, as well as line draw- 
- ings and sketches. The text is, with- 
~ out question,’a useful compilation of 
informatign for those interested seri- 
ously in improvement in one’s results, 
k whether it þe in the production of 
| scars from required surgery or the 
A correction of scars that are unsatis- 
3 factory to the patient and to the phy- 


i sician. 

i T. Ray BROADBENT, MD 
4 Salt Lake City 

: Atlas of Hand Surgery, by Robert A. 


Chase, 438 pp, $30, WB Saunders Co, 1973. 


= Hand surgery has now evolved to 
_ the point where it badly needs an 
= atlas since the classical texts are far 
_ too densely written to permit an easy 
= entry by either the beginning or even 
= moderately experienced hand surgeon. 
= Dr. Chase’s atlas fills this gaping void 
_ admirably and should serve as a cor- 
= nerstone in the practice of many hand 
_ surgeons in the years to come. The 
= atlas itself is an attractive, weighty 
= volume whose format and every page 
= bespeaks the vigorous personality of 
=~ the author. The format itself is clear 
~ and bold, with large print headings 
= and adequate space between the 
_ paragraphs and illustrations, per- 
~. Mmitting easy understanding and ac- 
= cess. In each section, the author pre- 
= sents the principles of the problem to 
be dealt with in a brief paragraph or 
_ two, and then uses specific examples 
~ to amplify the principles. The illustra- 
_ tions reinforce the points and, of 
= course, are the heart of the atlas. 
They are predominantly line draw- 
~ ings, supplemented in a few instances 
= with photographs clear enough to 
_ make the point at hand. While con- 
= servative of line, the drawings are 
= nonetheless sufficiently detailed to il- 
= lustrate the actual maneuvers in- 
= volved in each procedure. 
The atlas provides a well-balanced 
approach to the general field of hand 
= surgery. Certain sections are par- 
ticularly strong and deserve special 
= comment. The section on cross finger 
flap methods is especially complete, 
~ particularly in the finishing details 
_ that are often neglected in other pre- 
= sentations. The author has distilled 
the principles of ray amputation and 
transfer beautifully, and the solution 
to these vexing problems is clearly 
=~ presented. The section on the conser- 
__ vation and salvage of useable parts in 
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the reconstruction of the acutely in- 
jured hand is presented in some de- 
tail, as one would expect from the 
author’s longtime interest in this par- 
ticular aspect of hand trauma. The 
sections on fusions and pollicization 
are to be especially recommended. 
The rather complete treatment of flex- 
or tendon injuries illustrates the com- 
plexities and great numbers of solu- 
tions to the different forms of tendon 
injuries. The section on amputation 
principles is worthy of detailed re- 
view by all involved in hand surgery. 

Inevitably, several questions are 
raised by a book of this size and im- 
pressiveness that seeks to encompass 
such a large field of surgical en- 
deavor. There is a surprisingly small 
section dealing with the repair of 
large nerve gaps, and no mention is 
made of interfascicular nerve grafts 
using microtechniques. Equally sur- 
prising is the absence of any treat- 
ment of the problem and techniques 
of replantation of severed digits, 
hands, or upper extremities. Both of 
these areas are sufficiently well devel- 
oped at the present time to warrant 
inclusion in such an atlas. 

In thinking about the genesis of 
this book, it must have been a very 
difficult problem for the author to de- 
cide how he would limit the contents. 
The result is a superb job in distill- 
ing the surgical solutions to problems 
of the hand into a visually under- 
standable, attractive presentation 
and resource. This atlas is unquali- 
fiedly recommended for all, experi- 
enced and beginner alike, who deal 
with the problems of the hand and 
its afflictions. They will be rewarded 
with a beautiful, forceful, and valu- 
able atlas that should stand as a mile- 
stone in its field for years to come. 

JOHN P. REMENSNYDER, MD 
Boston 


Atlas de Chirurgie Esthetique: Chir- 
urgie du Sein, vol I, by Jacques Faivre and 
Claude-Maurice Simeoni, 143 pp, Edifor, 1973. 


The emphasis of this book is on 
the lateral wedge resection method 
for correcting mammary hypertrophy 
and ptosis. Line drawings are clear; 
legends are pertinent, in English and 
French; results are very good; but the 
photographs are generally poor. 

The principal shortcomings of this 
volume are the narrow range of topics 
and the personal bias of the authors. 
Alternative procedures are „insuf- 





for those relating to anatomy, are an- 
noyingly absent. For example, al- 
though DuFourmental and Mouly are 
commonly credited with the oblique 
method of reduction mammoplasty 
with rotation of a dermoglandular 
flap, their work is not cited. However, 
the authors have had considerable ex- 
perience with the techniques pre- 
sented, and the plastic surgeon inter- 
ested in esthetic problems of the 
breast will garner worthwhile infor- 
mation. It is always instructive to 
look over the shoulders of other sur- 
geons to see how they work and how 
they manage their patients. Any dif- 
ferences we note goad us to reevalu- 
ate our own methods; to cite a couple 
of minor examples: at operation, Drs. 
Faivre and Simeoni use the external 
jugular vein for the intravenous. 
They keep their patients in the hospi- 
tal six days after breast reduction. 
Doubtless, a factor in the shorter stay 
of our patients is the greater cost per 
diem. 

Rosert M. GoLDwYN, MD 

Brookline, Mass 


News and Comment 


Radiology Seminar.—The 13th an- 
nual seminar, “Anatomical Basis for 
Roentgenologic Interpretation,” will 
be held March 18 through 22, 1975, at 
the Miami Beach Hyatt House (for- 
merly the Playboy Plaza Hotel), 
Miami Beach, Fla. Sponsored by the 
Department of Radiology at the Uni- 
versity of Miami School of Medicine 
(at Jackson Memorial Hospital), the 
general fee is $160; $80 for residents 
and fellows. For further information 
contact Manuel Viamonte, Jr., MD, 
Department of Radiology, University 
of Miami School of Medicine, PO Box 
520-875, Biscayne Annex, Miami, FL 
33152. 


Graduate Woman Physician Fellow- 
ship.—The Women’s Medical Associa- 
tion of the City of New York offers 
the Mary Putnam Jacobi Fellowship 
to a graduate woman physician. The 
$2,000 award, given to one applicant 
or divided among several, will be 
available July 1, 1975. Application 
blanks may be obtained from Helenas 
Gilder, MD, Chairman, Mary Putnam 
Jacobi Fellowship Committee, 1300 
York Ave, New York, NY 10021. Com- 
plete applications must be received b}? 
March 1, 1975. 
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National Health Service Corps ..... 0.00.0. e wees E. D. Martin 


A Panel by Correspondence: Antibiotics in Surgery............ T. K. Hunt (Guest Editor), 
J. W. Alexander, J. F. Burke, L. D. MacLean 


Multiple Primary Malignant Neoplasms.................... A. L. Dellon, P. B. Chretien, 
C. Potvin, G. N. Rogentine, Jr. 


Operative Choice and Technique Following Pancreatic Injury........... J. Anane-Sefah, 
L. W. Norton, B. Eiseman 


Type of Compression for Reducing Venous Stasis.............. B. Sigel, A. L. Edelstein, 
L. Savitch, J. H. Hasty, W. R. Felix, Jr. 


Venous Atherosclerosis Associated With Arteriovenous Fistulas for Hemodialysis 
W. E. Stehbens, A. M. Karmody 


Pediatric Cadaver Kidneys ............................. O. Salvatierra, Jr., F. O. Belzer 


Routine Intraoperative Angiography............. I. I. Dardik, I. M. Ibrahim, S. Sprayregen, 
F. Veith, H. Dardik 


Electrosurgical Excision of Full-Thickness Burns ........... R. J. Lewis, W. C. Quinby, Jr. 
Lateral Knee Compartment Osseous Pseudoligamentous Instability ..... .V. A. Scudese, 

M. Scudese 
Canine Kidney Preservation for 24 to 72 Hours... ... .J. J. Aguilo, J. E. Woods, K. E. Holley 
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Myocardial Perfusion and Metabolism at Normothermic and Hypothermic Levels 
T. J. Donovan, B. Muhkerji, G. Owens 


Supraceliac Pseudoaneurysm of Abdominal Aorta.......... C. B. Ernst, M. E. Daugherty, 
D. L. Bristow 
Selective Massive Amyloidosis of Small Intestine ............ B. Griffel, B. Man, L. Kraus 


Malignant Lymphoma of the Jejunum in a Patient With Wiskott-Aldrich Syndrome 
R. P. Faraci, H. J. Hoffstrand, F. G. Witebsky, R. M. Blaese, R. M. Beazley 


Competency Test After Fundoplication for Treatment of Reflux Esophagitis 
S. Safaie-Shirazi 
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surgical procedure. And often your reassurance and counseling can allay 

the apprehension. But sometimes, despite these measures, excessive anxiety 

causes the patient undue strain. At these times, Valium can be beneficial. 

It’s provided in three tablet strengths, so dosage can be easily individualized 

to gain optimal response promptly. And if anxiety and tension are especially 

troublesome at bedtime, an h.s. dose can be added to a b.i.d. or t.i.d. regimen. 
Valium is usually well tolerated in recommended dosages; 

lower initial doses (2 to 212 mg) should be used for the elderly or debilitated 

to avoid ataxia or oversedation. 
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: Before prescribing, please consult complete product infor- 
_ mation, a summaty of which follows: 
Indications: Tension and anxiety states; somatic complaints 
= which are concomitants of emotional factors; psychoneurotic 
_ states manifested by tension, anxiety, apprehension, fatigue, de- 
_ pressive symptoms or agitation; symptomatic relief of acute agi- 
_ tation, tremor, impending or acute delirium tremens and halluci- 
_ nosis due to acute alcohol withdrawal; adjunctively in: relief of 
" skeletal muscle spasm due to reflex spasm to local pathology; 
= Spasticity caused by upper motor neuron disorders; athetosis; 
_ stiff-man syndrome. Oral form may be used adjunctively in con- 
` vulsive disorders, but not as sole therapy. Injectable form may 
-~ also be used adjunctively in: status epilepticus; severe recurrent 
_ seizures; tetanus; anxiety, tension or acute stress reactions prior 
to endoscopic and surgical procedures; cardioversion. 
Contraindications: Use of Injectable in infants and Tablets 
in children under 6 months of age; known hypersensitivity to drug; 
acute narrow angle glaucoma; may be used in patients with open 
angle glaucoma who are receiving appropriate therapy. 
Warnings: As with most CNS-acting drugs, caution patients 
_ against hazardous occupations requiring complete mental! alert- 
ness (e.g., operating machinery, driving). Advise patients against 
- simultaneous ingestion of alcohol and other CNS depressants. 
Withdrawa! symptoms (similar to those with barbiturates and al- 
cohol) have occurred following abrupt discontinuance (convul- 
_ sions, tremor, abdominal and muscle cramps, vomiting and 
_ sweating). Keep addiction-prone individuals (drug addicts or 
- alcoholics) under careful surveillance because of their predispo- 
_ sition to habituation and dependence. Use of any drug in preg- 
| nancy, nursing women or in women of childbearing potential re- 
_ quires that expected benefit be weighed against possible hazard. 
b, orat: Not of value in treatment of psychotic patients; should 
not be employed in lieu of appropriate treatment. When using oral 
form adjunctively in convulsive disorders, possibility of increase 
_in frequency and/or severity of grand mal seizures may require 
_ increase in dosage of standard anticonvulsant medication; abrupt 
withdrawal in such cases may also be associated with temporary 
= increase in frequency and/or severity of seizures. 
INJECTABLE: When used I.V., the following procedures should 
f be undertaken to reduce the possibility of venous thrombosis, 
phlebitis, local irritation, swelling, and, rarely, vascular impair- 
_ ment. Inject slowly, taking at least one minute for each 5 mg 
3 (1 mi) given; do not use small veins, i.e., dorsum of hand or wrist; 
_ extreme care should be taken to avoid intra-arterial administra- 
_ tion or extravasation. Do not mix or dilute with other solutions or 
_ drugs; do not add to I.V. fluids. 
Administer with extreme care to elderly or very ill and those 
with limited pulmonary reserve because of possibility of apnea 
and/or cardiac arrest; resuscitative facilities should be available. 
- When used with narcotic analgesic, eliminate or reduce narcotic 
_ dosage at least 1⁄3 and administer in small increments. Not rec- 
-~ ommended for OB use until additional information is available. 
~ Should not be administered to patients in shock, coma or in acute 
-alcoholic intoxication with depression of vital signs. 
Precautions: If combined with other psychotropics or anti- 
- convulsants, carefully consider individual pharmacologic effects 
ee Particulanty with known compounds which may potentiate ac- 
tion of Valium (diazepam), such as phenothiazines, narcotics, 
barbiturates, MAO inhibitors and other antidepressants. Protec- 
tive measures indicated in highly anxious patients with accom- 
_ panying depression who may have suicidal tendencies. Observe 
_ usual precautions in impaired hepatic function; avoid accumula- 
tion in patients with compromised kidney function. Limit oral dos- 
age to smallest effective amount in elderly and debilitated to pre- 
clude ataxia or oversedation (initially 2 to 24% mg once or twice 
_ daily, increasing gradually as needed or tolerated). 
E INJECTABLE: Laryngospasm and increased cough reflex are 
_ possible during peroral endoscopic procedures; use topical anes- 
thetic and have necessary countermeasures available; hypoten- 
- sion or muscular weakness possible, particularly when used with 
narcotics, barbiturates or alcohol. Use lower doses (2 to 5 mg) 
for elderly and debilitated; safety and efficacy in children under 
12 not established. | 
Adverse Reactions: Side effects most commonly reported 
were drowsiness, fatigue and ataxia. Infrequently encountered 
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| Valium diazepam) 2-mg, 5-mg, 10-mg tablets : 
reaqypto-use 2-ml Tel-E-Ject* (disposable syringes) 


2-ml ampuls 75 mg/ml 
10-ml vials 


headache, hypotension, incontinence, jaundice, changes in libido, 
nausea, changes in salivation, skin rash, slurred speech, tremor, 
urinary retention, vertigo and blurred vision. Paradoxical reac- 
tions such as acute hyperexcited states, anxiety, hallucinations, 
increased muscle spasticity, insomnia, rage, sleep disturbances 
and stimulation have been reported; should these occur, use of 
the drug should be discontinued. 

Because of isolated reports of neutropenia and jaundice, 
periodic blood counts and liver function tests are advisable dur- 
ing long-term therapy. Minor changes in EEG patterns, usually 
low-voltage fast activity, have been observed in patients during 
and after Valium (diazepam) therapy and are of no known 
significance. 

INJECTABLE: Venous thrombosis and phlebitis at injection 
site, hypoactivity, syncope, bradycardia, cardiovascular collapse, 
nystagmus, urticaria, hiccups, neutropenia. 

In peroral endoscopic procedures, coughing, depressed res- 
piration, dyspnea, hyperventilation, laryngospasm and pain in 
throat or chest have been reported. 

Dosage: Individualized for maximum beneficial effect. 

ORAL—Adults: Tension, anxiety and psychoneurotic states, 
2 to 10 mg b.i.d. to q.i.d.; acute alcohol withdrawal, 10 mg t.i.d. 
or q.i.d. in first 24 hours, then 5 mg t.i.d. or q.i.d. as needed; 
adjunctively in skeletal muscle spasm, 2 to 10 mg t.i.d. or q.i.d.; 
adjunctively in convulsive disorders, 2 to 10 mg b.i.d. to q.i.d. 
Geriatric or debilitated patients: 2 to 2⁄2 mg 1 or 2 times daily 
initially, increasing as needed and tolerated. (See Precautions.) 
Children: 1 to 242 mg t.i.d. or q.i.d. initially, increasing as needed 
and tolerated (not for use under 6 months). 

INJECTABLE: Usual initial adult dose is 2 to 20 mg 1.M. or I.V., 
depending on indication and severity. Larger doses may be re- 
quired in some conditions (tetanus). In acute conditions injection 
may be repeated within 1 hour, although interval of 3 to 4 hours 
is usually satisfactory. Lower doses (usually 2 to 5 mg) with slow 
dosage increase for elderly or debilitated patients and when seda- 
tive drugs are added. (See Warnings and Adverse Reactions.) 

I.M. use: by deep injection into the muscle. 

I.V. use: inject slowly, take at least one minute for each 5 mg 
(1 ml) given. Do not use small veins, i.e., dorsum of hand or wrist. 
Use extreme care to avoid intra-arterial administration or extrava- 
sation. Do not mix or dilute with other solutions or drugs; do not 
add to I.V. fluids. 

Moderate psychoneurotic reactions, 2 to 5 mg I.M. or LV. 
and severe psychoneurotic reactions, 5 to 10 mg I.M. or LV., 
repeat in 3 to 4 hours if necessary; acute alcoholic withdrawal, 
10 mg I.M. or I.V. initially, then 5 to 10 mg in 3 to 4 hours if nec- 
essary; muscle spasm, 5 to 10 mg I.M. or I.V. initially, then 5 to 
10 mg in 3 to 4 hours if necessary (tetanus may require larger 
doses); status epilepticus, severe recurrent convulsive seizures, 
5 to 10 mg I.M. or I.V. initially, repeat in 2 to 4 hours if necessary. 
In endoscopic procedures, titrate |.V. dosage to desired sedative 
response, generally 10 mg or less but up to 20 mg (if narcotics 
are omitted) immediately prior to. procedure; if I.V. cannot be 
used, 5 to 10 mg I.M. approximately 30 minutes prior to proce- 
dure. As preoperative medication, 10 mg |.M.; in cardioversion, 
5 to 15 mg |.V., within 5 to 10 minutes prior to procedure. Once 
acute symptomatology has been properly controlled with inject- 
able form, patient may be placed on oral form if further treat- 
ment is required. 

Management of Overdosage: Manifestations include somno- 
lence, confusion, coma and diminished reflexes. Monitor respira- 
tion, pulse, blood pressure; employ general supportive measures, 
I.V. fluids, adequate airway. Immediate gastric lavage indicatéd 
for overdosage with tablets. Use levarterenol or metaraminol for 
hypotension, caffeine and sodium benzoate for CNS-depressive 
effects. Dialysis is of limited value. 

Supplied: Tablets, 2 mg, 5 mg and 10 mg; bottles of 100 ard 
500. All strengths also available in Tel-E-Dose® (unit dose) pack- 
ages of 100. Ampuls, 2 ml, boxes of 10; Vials, 10 ml, boxes of li 
Tel-E-Ject® (disposable syringes), 2 ml, boxes of 10. Each 
contains 5 mg diazepam, compounded with 40% propylene gy- 
col, 10% ethyl alcohol, 5% sodium benzoate and benzoic agid as 
buffers, and 1.5% benzyl alcohol as preservative. : 
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National Health Service Corps 
Edward D. Martin, MD, Rockville, Md 
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Antibiotics in Surgery 
Thomas K. Hunt, MD (Guest Editor), San Francisco; J. Wesley Alexander, MD; 
Cincinnati; John F. Burke, MD, Boston; Lloyd D. MacLean, MD, Montreal 


ORIGINAL ARTICLES 


Multiple Primary Malignant Neoplasms: 

A Search for an Immunogenetic Basis 
A. Lee Dellon, MD; Paul B. Chretien, MD; Claude Potvin, MD; 
G. Nicholas Rogentine, Jr., MD, Bethesda, Md 
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No impairment of immunocompetence or of abnormal HL-A frequencies 


uncovered. 
(Editorial comment by Jerome J. DeCosse, MD, Milwaukee) 


Operative Choice and Technique Following Pancreatic Injury 
John Anane-Sefah, MD; Lawrence W. Norton, MD; Ben Eiseman, MD, Denver 


Mean time between injury and laparotomy was 100 minutes. 


Type of Compression for Reducing Venous Stasis: 

A Study of Lower Extremities During Inactive Recumbency 
Bernard Sigel, MD; Annette L. Edelstein; Lane Savitch; 
James H. Hasty, PhD; W. Robert Felix, Jr., MD, Philadelphia 


Optimal pressures in volunteers was 18 to 8 mm Hg, ankle to thigh. 


Venous Atherosclerosis Associated With 
Arteriovenous Fistulas for Hemodialysis 
William E. Stehbens, MD, DPhil, Alistair M. Karmody, MB, ChM, FRCS, Albany, NY 
Advanced changes reported in two patients. 
(Editorial comment by Richard Warren, MD, Boston) 


Pediatric Cadaver Kidneys: Their Use in Renal Transplantation 
Oscar Salvatierra, Jr., MD, Folkert O. Belzer, MD, San Francisco 
Technique permits one donor to supply two recipients. 
(Editorial comment by John A. Mannick, MD, Boston) 


Routine Intraoperative Angiography: 
An Essential Adjunct in Vascular Surgery 
Irving l. Dardik, MD; Ibrahim M. Ibrahim, MD; Seymour Sprayregen, MD; 
e Frank Veith, MD? Herbert Dardik, MD, New York 
Strong case for never omitting this safeguard. 
| (Editorial comment by Richard Warren, MD, Boston) 
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| Presentation of a useful diagnostic test. 
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Preservation after initial perfusion and immersion 
in cold Sacks solution. 
(Editorial comment by John A. Mannick, MD, Boston) 
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- Staged Repair Employing Preliminary Axillary-Femoral Bypass 211 
Calvin B. Ernst, MD; Michael E. Daugherty, MD; 
Dean L. Bristow, MD, Lexington, Ky 


Functioning bypass removed four months later. 


Selective Massive Amyloidosis of Small Intestine 215 
Benjamin Griffel, MD; Boris Man, MD; 
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R. Michael Blaese, MD; Robert M. Beazley, MD, Bethesda, Md 
Patients with Wiskott-Aldrich syndrome tend to 
develop malignant neoplasms. 
(Editorial comment by Eric W. Fonkalsrud, MD, Los Angeles) 
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PAIN RELIEF  ; 
FORTHE MAJORITY - 


NO.4-for pain intensity below the need for injectables 
As a rule, only pain that requires morphine is beyond the scope 
of Empirin® Compound with Codeine No. 4. That’s because it 
delivers a full grain of codeine. (In the preferred phosphate 
form.) Its antitussive action is particularly appreciated by 
patients with fractured ribs. and following chest or abdominal 
surgery. Its low addiction liability is a bonus for all patients who 
require potent analgesia. : 

Uui 


NO.3-for almost all other kinds of lesser pain 1 
Most other kinds of lesser pain respond to Empirin Compound 
with Codeine No. 3—whether musculoskeletal, neurological, 
soft-tissue or visceral. One might say No. 3 is an “all-purpose” 
analgesic — not too little, not 

Wellcome / 





lin 


Burroughs Wellcome Co. 
Research Triangle Park 
North Carolina 27709 


too much. Just right for your 
out-patients in these categories. 
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EMPIRIN COMPOUND z CODEINE 


No.3, codeine phosphate*(32.4 mg) gr 1⁄2- No.4, codeine phosphate*(64.8 mg) grl 
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e With 93% efficacy in respiratory tract infections. 
In clinical trials, ‘Ancef’ produced good or excellent responses* in 93% of 377 
patients with respiratory tract infections due to susceptible organisms (See 
Indications section of brief summary for list of organisms). 


e With high and prolonged serum levels. 
Following single 1 gram IV injections in healthy adult volunteers, ‘Ancef' pro- 
duced average peak serum levels of 190.0 mcg/ml. At four hours, levels of 16.5 
mcg/ml were still present. 


e With a low risk of phlebitis at the IV in jection site. 
Of 273 patients receiving ‘Ancef' intravenously, 6 patients or 2.2% reported 
phlebitis at the injection site. These data were derived from pre-marketing 
clinical studies in small populations. While further clinical experience may reveal 
a greater incidence of adverse effects, it should be noted that the incidence of 
known phlebitis has not increased with over a year's clinical experience since 
introduction. 


e With no reported nephrotoxicity. 
(Transient rise in SGOT, SGPT. BUN and alkaline phosphatase levels has been 
observed without evidence of renal or hepatic impairment.) 


e With the flexibility of IV or IM administration. 


$ 











Adverse Reactions 

Adverse reactions reported in clinical trials included pain on injection, rash, G.I. 
symptoms, pruritus, and phlebitis. For a complete list of adverse reactions 
reported with ‘Ancef’ therapy, please see next page. 

Warning: In penicillin-allergic patients, cephalosporins should be used with great 
caution because of evidence of partial cross-allergenicity. 


“(Excellent response: Initial improvement at 1-3 days with maximum improvement between 3-7 days. 
Good response: Initial improvement at 2-4 days with maximum improvement between 4-10 days. 
Results collected from identical clinical protocols. ) 


See next page for a brief Summary of the prescribing information. 
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= Streptococcus pneumoniae (formerly 





Before prescribing, see complete prescribing information in 
SK&F literature or PDR. The following is a brief summary. 


DESCRIPTION 


Ancef® (sterile cefazolin sodium, SK&F) is a semi-synthetic 
cephalosporin for parenteral administration. It is the sodium salt 


of 3- |[(5-methyl-1, 3, 4-thiadiazol-2-yl) thio] methy! | -8-0xo-7- 


[2-(1 H-tetrazol-1-yl) acetamido] -5-thia-1-azabicyclo [4 2.0] oct- 
2-ene-2-carboxylic acid. The sodium content is 46 mg. per gram 
of cefazolin. 

ACTIONS 

Microbiology: /n vitro tests demonstrate that the bactericidal 
action of cephalosporins results from inhibition of cell wall 


_ synthesis. ‘Ancef' is active against the following organisms in vitro: 


Staphylococcus aureus (penicillin-sensitive and penicillin- 
resistant) 

Group A beta-hemolytic streptococci and other strains of strep- 
tococci (many strains of enterococci are resistant) 

Klebsiella species 
Enterobacter aerogenes 
Hemophilus influenzae 


D. pneumoniae) 
Escherichia coli 
Proteus mirabilis 


Most strains of Enterobacter cloacae and indole positive Proteus 
(P. vulgaris, P. morgani, P. rettgeri) are resistant. Methicillin- 
resistant staphylococci, serratia, pseudomonas, mima, herellea 
species are almost uniformly resistant to cefazolin. 


INDICATIONS 

Ancef (sterile cefazolin sodium, SK&F) is indicated in the treat- 
ment of the following serious infections due to susceptible 
organisms: 

Respiratory tract infections due to Streptococcus pneumoniae 
(formerly D. pneumoniae), Klebsiella species, Hemophilus 
influenzae, Staphylococcus aureus (penicillin-sensitive and 
penicillin-resistant), and group A beta-hemolytic streptococci. 


Injectable benzathine penicillin is considered to be the drug of 
choice in treatment and prevention of streptococcal infections, 
including the prophylaxis of rheumatic fever. ‘Ancef' is effective 
in the eradication of streptococci from the nasopharynx; however, 
data establishing the efficacy of ‘Ancef’ in the subsequent preven- 
tion of rheumatic fever are not available at present. 


Genitourinary tract infections due to Escherichia coli, Proteus 
mirabilis, Klebsiella species, and some strains of enterobacter 
and enterococci. 


Skin and soft-tissue infections due to Staphy/ococcus aureus 
(penicillin-sensitive and penicillin-resistant) and group A beta- 
hemolytic streptococci and other strains of streptococci. 


Bone and joint infections due to Staphylococcus aureus. 


Septicemia due to Streptococcus pneumoniae (formerly D. 
pneumoniae), Staphylococcus aureus (penicillin-sensitive and 
penicillin-resistant), Proteus mirabilis, Escherichia coli, and 
Klebsiella species. 

Endocarditis due to Staphylococcus aureus (penicillin-sensitive 
and penicillin-resistant), and groupA beta-hemolytic streptococci. 
Appropriate culture and susceptibility studies should be per- 
formed to determine susceptibility of the causative organism to 
‘Ancef: 

CONTRAINDICATIONS 

‘Ancef’ is contraindicated in patients with known allergy to the 
cephalosporin group of antibiotics. 


WARNINGS 


IN PENICILLIN-ALLERGIC PATIENTS, CEPHALOSPORINS 
SHOULD BE USED WITH GREAT CAUTION. THERE IS 
CLINICAL AND LABORATORY EVIDENCE OF PARTIAL CROSS- 
ALLERGENICITY OF THE PENICILLINS AND THE CEPHALO- 
SPORINS, AND THERE ARE INSTANCES OF PATIENTS WHO 
HAVE HAD REACTIONS TO BOTH DRUG CLASSES (INCLUD- 
ING FATAL ANAPHYLAXIS AFTER PARENTERAL USE). 


Any patient who has demonstrated some form of allergy, par- 
ticularly to drugs, should receive. antibiotics, including Ancef 
(sterile cefazolin sodium, SK&F) cautiously and then only when 
absolutely necessary. Serious anaphylactoid reactions require 
immediate eméfgency treatment with epineph rine. Oxygen, 
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intravenous steroids, and airway management, including intuba- 
tion. should also be administered as indicated. 


Usage in Pregnancy: Safety of this product for use during preg- 
nancy has not been established. 


Usage in Infants: Safety for use in prematures and infants under 
1 month of age has not been established. 


PRECAUTIONS 

Prolonged use of cefazolin sodium may result in the overgrowth 
of nonsusceptible organisms. Careful clinical observation of the 
patient is essential. 


When ‘Ancef' is administered to patients with low urinary output 
because of impaired renal function, lower daily dosage is required 
(see dosage instructions). A false positive reaction for glucose in 
the urine of patients on ‘Ancef’ has occurred with Clinitest® tablets 
solution. 


ADVERSE REACTIONS 
The following reactions have been reported: 


Hypersensitivity: Drug fever, skin rash, vulvar pruritus, and 
eosinophilia have occurred. 


Blood: Neutropenia, leukopenia, thrombocythemia and positive 
direct and indirect Coombs tests have occurred. 


Hepatic and Renal: Transient rise in SGOT, SGPT, BUN and 
alkaline phosphatase levels has been observed. 


Gastrointestinal: Nausea, anorexia, vomiting, diarrhea, oral 
candidiasis (oral thrush) have been reported. 


Other: Pain at site of injection after intramuscular administration 
has occurred, some with induration. Phlebitis at site-cf injection 
has been noted 


DOSAGE AND ADMINISTRATION 
‘Ancef' may be administered intramuscularly or intravenously 
after reconstitution. 


Dosage 

in adults, usual dosage for pneumococcal pneumonia is 500 mg. 
every 12 hours. In acute, uncomplicated urinary tract infections, 
usual dosage is 1 gram every 12 hours. In mild infections caused 
by susceptible gram+ cocci, usual dosage is 250 to 500 mg. 
every 8 hours. In moderate to severe infections, usual dosage is 
500 mg. to 1 gram every 6 to 8 hours. ‘Ancef' has been adminis- 
tered in dosages of 6 grams per day in serious infections such as 
endocarditis. 


‘Ancef' may be used in patients with reduced renal function with 
the following dosage adjustments: Patients witha creatinine 
clearance of 55 mi./min. or greater or a serum creatinine of 

1.5 mg. % or less can be given full doses. Patients with creatinine 
clearance rates of 35 to 54 mi./min. or serum creatinine of 1.6 
to 3.0 mg. % can also be given full doses, but dosage should be 
restricted to at least 8-hour intervals. Patients with creatinine 
clearance rates of 11 to 34 ml./min. or serum creatinine of 3.1 to 
4.5 mg. % should be given 1/2 the usual dose every 12 hours. 
Patients with creatinine clearance rates of 10 ml./min or less or 
serum creatinine of 4.6 mg. % or greater should be given 1/2the 
usual dose every 18 to 24 hours. All reduced dosage recom- 
mendations apply after an initial loading dose appropriate tothe 
severity of the infection. 


in children, a total daily dosage of 25 to 50 mg? per kg. (approx- 
imately 10 to 20 mg. per pound) of body weight, divided into 

three or four equal doses, is effective for most mild to moderately ® 
severe infections. Total daily dosage may be increased to 100 mg. 
per kg. (45 mg. per pound) of body weight for severe infections. 
Since safety for use in premature infants and in infants under 

one month has not been established, the use of ‘Ancef in these 
patients is not recommended. 

For additional information on dosage and administration, see 
package literature or contact your SK&F Representatwe. 

HOW SUPPLIED ; 

Ancef® (sterile cefazolin sodium, SK&F)— supplied im vials 
equivalent to 250 mg., 500 mg., and 1 gram of cefazdlin. 


Smith Kline & French Laboratories : Sie 
Division of SmithKline Corporation, Philadelphia, PA 19181 , ° 
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Announcing 


Senokot 3 

(standardized trat | 
Standardized senna concenttae i lal eal 
\ -a unique natural laxative 
plus 


a Classic stool softener 


Provides a unique natural laxative —standardized senna concentrate... virtually colon-specific 
...@ffectiveness documented in numerous published studies comprising thousands of patients. 


Provides a classic stool softener—DSS...complementing the laxative action by softening the 
stool for smoother and easier passage. 


Comfortable, predictable evacuation...a bedtime dose of SENOKOT S Tablets usually induces 
comfortable evacuation the next morning, allowing uninterrupted sleep. SENOKOT S Tablets aid 
in rehabilitation of the constipated patient by facilitating regular elimination. 


Indications: SENOKOT S Tablets offer welcome relief in functional constipation when combined 

neuroperistaltic stimulation plus stool softening is indicated, especially for: the aged; postpartum 
‘Femoral. Dos patients; drug-induced constipation; cardiovascular patients and those with 

b 


` 


morrhoids. Dosage (preferably at bedtime): Adults: Initial Dosage: 2 tablets (max. dose— 4 tablets 
X.). Childqyen (above 60 Ib.): 1 tablet (max. dose—2 tablets b.i.d.). To meet individual require- 
i fs. dosage may be decreased or increased by 1 tablet (up to maximum) until the most effective 
dogsé ig established. Supplied: Bottles of 30 and 60 tablets. 
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Send manuscripts by first-class mail to the Chief Editor, 
Richard Warren, MD, 319 Longwood Ave, Boston 02115. 
‘Manuscripts are received with the understanding that 
they are not under simultaneous consideration by another 
publication. Accepted manuscripts become the permanent 
property of the ARCHIVES and may not be published else- 
where without permission from the publisher (AMA). 


a All accepted manuscripts are subject to copy editing. 
he author will receive an edited typescript and layout 
rather than galley or page proofs for approval. The author 
is responsible for all statements in his work, including 
changes made by the copy editor. 


fs J Designate one author as correspondent and provide his 
address and telephone number. He will be notified by mail 
of the intended publication date approximately one month 
in advance. Order reprints at the time the typescript is 
returned after editorial processing. Specify address to 
which requests for reprints should be sent. 


s Submit an original typescript and two high quality 
copies of the entire manuscript including short communica- 
tions such as letters to the editor, book reviews, announce- 
ments, ete. All copy (including references, legends, and 
tables) must be typed double-spaced on 22 x 28 cm (8% x 
11 inch), heavy-duty white bond paper. Ample margins 
should be provided. | 

[ ] Titles should be short, specific, and clear. They should 
not exceed 75 characters, including punctuation and spaces. 
A subtitle is often useful to shorten the main title. Provide 
a brief “running title” on each manuscript page. 


E} The style of writing should conform to acceptable 
English usage and syntax. Slang, medical jargon, obscure 
abbreviations, and abbreviated phrasing are to be avoided. 


C] Manuscripts reporting the results of experimental in- 
vestigations on human subjects must include a statement 
to the effect that informed consent was obtained after the 
nature of the procedure(s) had been fully explained. 


Š Authors whose “first” language is not English should 
arrange for their manuscripts to be written in idiomatic 
English prior to submission. 


[] Provide an abstract (1385-word maximum) of the arti- 
cle. The abstract should include statements of the problem, 
method of study, results, and conclusions. The abstract 
replaces the summary. 


C] List references in consecutive numerical order (not 
alphabetically). Once a reference is cited, all subsequent 
citations should be to the original number. All references 
must be cited in the text or tables. Unpublished data 
and personal communications should not be listed as 
references. References to journal articles should include 
(1) author, (2) title, (3) journal name (as abbreviated 
in Index Medicus), (4) volume number, (5) inclusive page 
numbers, and (6) year, in that order. References to books 
should include (1) author(s), (2) chapter title (if any), (3) 
editor (if any), (4) title of book, (5) city of publication, 
(6) publisher, and (7) year. Volume and edition num- 
bers, specific pages, and name of translator should be 
included when appropriate. The author is responsible for 
the accuracy and completeness of the references and for 
their correct text citation. Note this journal’s punctuation 
and sequence style in published reference lists. 


[e] Refer to patients by number (or, in anecdotal reports, 


~- by fictitious given names). Real names or initials should 


‘not be used in the text, tables, or illustrations. 
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Effective with the January 1975 issue, th®abrovision 
of free offprints (tearsheets) of articles o! authors 
will be discontinued. Authors may contirfu to order 


reprints in accordance with the form sént to them 
during the processing of their manuscripts. 


[] All measurements are to be in metric units. 


[] Letters to the Editor. The editor will be pleased to 
receive correspondence of 250 words or less that pertains 
to material published in the ARCHIVES or to other matters 
of interest to its readers. Letters should be typewritten, 
double-spaced and clearly marked “For Publication.” No 
more than two references are permitted, and illustrations 
are acceptable only when essential to the message. 


E Use only those illustrations that clarify and augment 
the text. Submit illustrations in duplicate, unmounted 
and untrimmed. Do not send original artwork. Send high- 
contrast glossy prints (not photocopies). Figure number, 
name of senior author, and arrow indicating “top” should 
be typed on a gummed label and affixed to the back of 
each illustration. All lettering must be legible after reduc- 
tion to column size. Artwork submitted for publication may 
be relettered to achieve uniformity of lettering style through- 
out the journal. Magnification and stain should be provided 
when pertinent. Illustrations should preferably be in a 
proportion of 12.5 x 18 em (5 Xx 7 inches). Legends 
should be typed double spaced beginning on a separate 
sheet of paper. Length should be limited to 40 words. 


G An experienced medical illustrator should be employed 
whenever possible for the preparation of all artwork. 
Template lettering or preset type is preferred to hand- 
lettered labels. If halftone artwork with labels is sub- 
mitted, affix type and leaders to a clear acetate overlay 
registered to the base drawing. Labels and leaders should 
be applied directly to the drawing board surface if the 
artwork consists only of line ink technique. 


a A letter of consent must accompany all photographs 
of patients in which a possibility of identification exists. 
It is not sufficient to cover the eyes to mask identity. 


ia Illustrations in full color are accepted for publication 
if the editors believe that color will add significantly 
to the published manuscript. The ARCHIVES will pay part 
of the expense of reproduction and printing color illus- 
trations, the remainder to be borne by the author or his 
sponsor. After deducting the ARCHIVES contribution, the 
author’s share is $275.00 for up to six square finished 
illustrations which can be arranged on a one-page layout. 
Any additional illustrations or special effects will be billed 
to the author at cost. Positive color transparencies (35 
mm preferred) must be submitted for an evaluation. 
Do not send color prints unless accompanied by original 
transparencies. All transparencies should be carefully 
packed and sent with the manuscript. 


[ ] Each table should be typed double-spaced, including 
all headings, on a separate sheet of 22 x 28 em paper. Do 


not use larger paper. If a table must be continued, use a 


second sheet and repeat all heads and stubs. 


í] Tables should be arranged so they will print no wider 
than three columns in the ARCHIVES. Generally up to nine 
columns of data (including stub, or left column) will fit 
into three columns. Tables must be numbered consecutively, 
beginning with 1, and each must be titled. Example: 
“Table 6.—Results of Blood Coagulation Studies.” 
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Whenthe - 
surgical patient 
has trouble sleeping 


Dalmaneé 
(flurazepann HIGI} 


can ease the 
long nights journey 
into day 


The postsurgical patient with 
insomnia may be a candidate foi 
Dalmane (flurazepam HCI). It 
should be noted, however, that 
when insomnia is caused by pain, 
appropriate analgesic therapv is 
the treatment of choice. Should 
the insomnia persist alter the 
pain is relieved, consider 
Dalmane 





| During the days surrounding 
_ surgery, a patient needs all his 


resources...and adequate sleep to 


meet a significant challenge to 


his system. Yet at this time, many 


patients — even those who 
regularly sleep well at home— 


may complain of insomnia in the 


alien hospital setting. 
To help your patients who 


experience trouble falling asleep, 


staying asleep and/or sleeping 
long enough, consider Dalmane 
(flurazepam HCl). Dalmane is a 
distinctive sleep medication 
specifically indicated for 


insomnia. Intensively investigated 


in sleep research laboratory 7 
and other clinical®? studies, 


Dalmane has consistently brought 


relief to patients suffering from 
insomnia," including hospi- 
talized surgical patients with 
trouble sleeping? ° 


Inset: Anteroposterior view of fracture 
in intertrochanteric region of right hip. 
Illustration: X-ray of same patient, 
lightscanned and reprogrammed via 
computer to a light-recognition pattern, 
reveals fracture in intertrochanteric 

~ région of right hip reduced and fixed by a 
"nail and plate appliance. Each square 

. segment avefages dight/dark values of 

e corresponding area on x-ray. 





With Dalmane (flurazepam HCl), 
sleep onset occurs within 

17 minutes, on average, as 
demonstrated by physiologic 
tracings in the sleep research 
laboratory. Nighttime awakenings 
and time awake after sleep 

onset are also markedly reduced, 
and patients sleep an average 

of 7 to 8 hours on a single 30-mg 
dose!.4.14.15 — an advantage 
especially important in the 
hospital. 


effectiveness 
continues night 
after night;’’”’ 

a benefit after 
hospital discharge 


Dalmane has been shown to be 
consistently effective even during 
consecutive nights of administra- 
tion, without increasing dosage. 


when restful sleep q 


1s indicated 


tlurazepam HC 


One 30-mg capsule h.s. — usual adult dosage 


(15 mg may suffice in some patients). 


One 15-mg capsule h.s.— initial dosage for 


elderly or debilitated patients. 


toe 


Please see following page for a summary of product information: / — 
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on warfarin’ “ 4 
Dalmane (flurazepam HC!) 4 
is generally well tolerated; 
morning “hang-over” has been 
relatively infrequent. fe 
An added benefit: Dalmane | 
and warfarin may be used a 
concurrently without riskof 
unacceptable fluctuation in 
prothrombin time®:!* a 
Before prescribing, weigh 
potential benefits against a 
possible risks (see Warnings __ 
and Precautions in complete 
product information ). s À 
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_ when 
_ restful sleep 
1s indicated... 


Dalmane 
(flurazepam HCI) 





ə induces sleep within 17 


minutes, on average 


ə reduces nighttime 
awakenings 

ə provides 7 to 8 hours 
of sleep, on average, 
with a single dose 


ROCHE LABORATORIES 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 


Before prescribing Dalmane (flurazepam 
HCl), please consult Complete Product 
Information, a summary of which follows: 


Indications: Effective in all types of insomnia 
characterized by difficulty in falling asleep, 
frequent nocturnal awakenings and/or early 
morning awakening; in patients with recurring 
insomnia or poor sleeping habits; and in 

acute or chronic medical situations requiring 
restful sleep. Since insomnia is often transient 
and intermittent, prolonged administration is 
generally not necessary or recommended. 


Contraindications: Known hypersensitivity 
to flurazepam HCl. 


Warnings: Caution patients about possible 
combined effects with alcohol and other 
CNS depressants. Caution against hazardous 
occupations requiring complete mental alert- 
ness (e.g., operating machinery, driving). 
Use in women who are or may become preg- 
nant only when potential benefits have been 
weighed against possible hazards. Not 
recommended for use in persons under 15 
years of age. Though physical and psycho- 
logical dependence have not been reported 
on recommended doses, use caution in 
administering to addiction-prone individuals 
or those who might increase dosage. 


Precautions: In elderly and debilitated, initial 
dosage should be limited to 15 mg to preclude 
oversedation, dizziness and/or ataxia. If 
combined with other drugs having hypnotic 
or CNS-depressant effects, consider potential 
additive effects. Employ usual precautions 

in patients who are severely depressed, or 
with latent depression or suicidal tendencies. 
Periodic blood counts and liver and kidney 
function tests are advised during repeated 
therapy. Observe usual precautions in 
presence of impaired renal or hepatic function. 


Adverse Reactions: Dizziness, drowsiness, 
lightheadedness, staggering, ataxia and 
falling have occurred, particularly in elderly 
or debilitated patients. Severe sedation, 
lethargy, disorientation and coma, probably 
indicative of drug intolerance or overdosage, 
have been reported. Also reported were 
headache, heartburn, upset stomach, nausea, 
vomiting, diarrhea, constipation, GI pain, 
nervousness, talkativeness, apprehension, 
irritability, weakness, palpitations, chest 
pains, body and joint pains and GU com- 
plaints. There have also been rare occurrences 
of sweating, flushes, difficulty in focusing, 
blurred vision, burning eyes, faintness, 
hypotension, shortness of breath, pruritus, 
skin rash, dry mouth, bitter taste, excessive 
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salivation, anorexia, euphoria, depression, 
slurred speech, confusion, restlessness, 
hallucinations, and elevated SGOT, SGPT, 
total and direct bilirubins and alkaline 
phosphatase. Paradoxical reactions, e.g., 
excitement, stimulation and hyperactivity, 
have also been reported in rare instances. 


Dosage: Individualize for maximum beneficial 
effect. Adults: 30 mg usual dosage; 15 mg 

may suffice in some patients. Elderly or 
debilitated patients: 15 mg initially until 
response is determined. 


Supplied: Capsules containing 15 mg or 
30 mg flurazepam HCI. 


REFERENCES: 

1. Kales A: Am Fam Physician 8(5):158-168, 
Nov 1973 

2. Frost JD Jr: Asystem for automatically 
analyzing sleep. Scientific exhibit at the 24th 
annual Clinical Convention of the American 
Medical Association, Boston, Nov 29-Dec 2, 
1970; and at the 42nd annual scientific meet- 
ing of the Aerospace Medical Association, 
Houston, Apr 26-29, 1971 

3. Karacan I, Williams RL, Smith JR: The 
sleep laboratory in the investigation of sleep 
and sleep disturbances. Scientific exhibit at 
the 124th annual meeting of the American 
Psychiatric Association, Washington DC, 
May 3-7, 1971 

4. Dement WC: Data on file, Medical Depart- 
ment, Hoffmann-La Roche Inc, Nutley NJ 

5. Vogel GW: Data on file, Medical Depart- 
ment, Hoffmann-La Roche Inc, Nutley NJ 

6. Kales A, et al: Arch Gen Psychiatry 23:226- 
232, Sep 1970 

7. Data on file, Medical Department, Hoff- 
mann-La Roche Inc, Nutley NJ 

8. Robinson DS, Amidon EL: Interaction of 
benzodiazepines with warfarin in man, in The 
Benzodiazepines, edited by Garattini S, 
Mussini E, Randall LO. New York, Raven 
Press, 1973, p. 641 








or years, the Public Health Service has provided grant 
funds to support health care programs, or has pro- 
vided such programs, for certain segments of the popu- 
lation, such as the Indians, Alaskan natives, and merchant 
seamen. 

With the establishment of the National Health Service 
Corps, the Public Health Service of the Department of 
Health, Education, and Welfare is pioneering in an effort 
to provide health care services for the general population 
living in areas where there is a critical health manpower 
shortage. 

The Corps was established as part of an overall health 
manpower strategy to deal with the problems that mal- 
distribution of health care providers has created, because 
of geography and because of the uneven availability of 
medical specialists. 

This maldistribution of health care providers is demon- 
strated by 1970 data, which show 69.1 physicians per 
100,000 population in rural or nonmetropolitan counties, 
approximately half the provider coverage available in 
metropolitan counties. 

Between 1967 and 1972, the number of physicians offer- 
ing primary care in rural areas decreased 7% and the num- 
bers of pharmacists, nurses, dentists, and podiatrists serv- 
ing in rural America also declined. 

The new approach to the problem of rural health that 
the National Health Service Corps represents is the as- 
signment of personnel to improve the delivery of health 
care and to link these health professionals in a very impor- 
tant personal and professional way to communities and to 
patients with needs and problems. 

The placement of personnel in critical health manpower 
shortages adds a health resource to people who in many 
cases have not had other than emergency care available 
for long periods of time, and who have had to travel sub- 
stantial distances even for that care. 

But a Corps placement is also an essential step in assist- 
ing such communities to develop the capability to attract 
and retain health professionals long after the Corps place- 
ment has been ended. 

There are built-in steps to achieving this form of com- 
munity-based development. The first is an essential part 
of the Corps’ consideration of a community for the place- 
ment of personnel. The local governing body, the local 
planning agency, and professional societies, medical or 
dental, document the need for assistance. These organiza- 
tions are the key to the cooperative effort of the commu- 
nity in the management and development of a successful 
medical or dental practice. They are in a position to offer 
assurances that the community will provide whatever sup- 
port it can in such development, including office equip- 
ment, supplies, and management of the practice. 

Especially critical to the community’s request for Corps 
assistance is the county medical society, which partici- 
pates in an assessment of the community’s health needs. 


~The society can provide advice on the numbers and types 


_ of health professionals needed and equipment that will 
be required to establish an active primary care practice. 
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Just as important, the acceptance of the Corps physi- 
cian by his peers is a very real factor that can influence his 
remaining in the community. The medical society can fa- 
cilitate the integration of the physician and his wife into 
the medical community, help in obtaining hospital staff 
privileges, and facilitate a mechanism to form rotational 
coverage in the evenings and on weekends. The medical 
society also can identify health resources both locally as 
well as backup resources that may be needed for tertiary 
care. 

Once a community is selected for a Corps placement, the 
Corps program provides support in developing a well- 


functioning practice. It has developed a problem-oriented 


medical record system and accounting and data system 
that the physician may use. It can help develop linkages 
for the physician with the local hospital, the appropriate 
medical society, as well as with a medical center or school 
near the community. 

The Corps physician functions as does any other practic- 
ing community physician. He is there to serve people. He 
works closely with local physicians, who help him deter- 
mine fees of service. No person is denied care because he 
is unable to pay, and a sliding scale may be used if needed. 

In January 1972, the first group of health professionals, 
primarily physicians, dentists, and nurses, were placed in 
a dozen communities. Of the 89 clinic sites that have been 
providing services since that time, approximately 25% 
have become independent and no longer receive direct 
federal support. 

As of June 30, 1974, 206 Corps sites were in operation, 
and a total of 323 communities were approved for the 
placement of health manpower teams. Providing health 
care at the operable sites were physicians, dentists, 
nurses, and other health professionals. 

By July 1975, the Corps is proposing to have 310 clinic 
sites in operation and a total of 430 areas approved for 
health teams. This would involve more than 800 health 
professionals who would be delivering needed health care 
in 46 sites. 

Of the 189 clinic sites in operation prior to July 1974, 48 
are now fully self-sustaining and repay to the US Trea- 
sury all costs of the assignee’s salary, fringe benefits, and 
expenses involved in moving to the location. 

Within the next year, the Corps expects more clinics to 
become independent. It appears that the low retention 
rate of physicians has now been reversed. While only 3% 
of the assignees decided to remain in the Corps in 1973 af- 
ter their first service period, 20% will remain in 1974. This 
is largely due to improved management techniques at the 
sites and more careful matching of assignees with the 
communities. There is also increased emphasis on recruit- 
ment of board-eligible physicians who need not leave a 
community for further professional training. 

EDWARD D. Martin, MD 

Office for National Health Service Corps 
Parklawn Bldg, Room 6-05 

5600 Fishers Lane 

Rockville, MD 20852 
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A Panél Correspondence 





Antibiotics in Surgery 


Thomas K. Hunt, MD (Guest Editor); J. Wesley Alexander, MD; 
John F. Burke, MD; Lloyd D. MacLean, MD 


Er Hunt: The role of antibiotics for treatment of 
established bacterial infection is well known and, in 
general, we agree on methods. On the other hand, most 
antibiotics prescribed by surgeons are given for indica- 
tions that are controversial. It appears to me that recent 
research is bringing some logic where the controversy was 
previously at a stalemate. We may be reaching a con- 
sensus on the indications for antibiotics used to prevent 
operative infections, but how does one best manage anti- 
biotics in the perioperative period? 

The cardiac surgery group at the University of Califor- 
nia set out to determine whether “prophylactic” anti- 
bioties actually prevent infection in patients undergoing 
open heart surgery. Some onlookers believed that it was 
immoral to withhold antibiotics from the control group. 
Others believed that the test was long overdue because 
antibiotics given prophylactically had merely led to “su- 
perinfection.” In the end, the control group given no anti- 
bioties fared just as well in the overall incidence and se- 
verity of infection as did the group given antibiotics. This 
disappointed both groups, each of whom had confidently 
expected to find clear-cut advantages or disadvantages. 
Perhaps these questions and their answers may clarify 
this confused situation. 


Question 1: What are the serious side effects seen following 
administration of antibiotics, including those that affect the 
rest of the patient population? 
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Dr. BuRKE: The use of antibiotics in clinical medicine is 


a two-edged sword. On one hand, they kill or prevent the 
growth of pathogenic bacteria; but, on the other, they 
have detrimental side effects. For this reason, most texts 
and authoritative reviews refer to the incidence of anti- 
biotic complications with adjectives such as “frequent,” 
“seldom,” and “rare.” Furthermore, all side effects are not 
equal in their harmful effects on the patient. For example, 
gastrointestinal tract upset after orally administered tet- 
racycline cannot be weighed the same as aplastic anemia. 
A decision on antibiotic administration must, at least 
partly, be based on the risk of side effects balanced 
against the probability of therapeutic effectiveness. 
Therefore, some clinical guide must be used. 

No presently available antibiotic is entirely free of side 
effects. Hypersensitivity reactions are produced by all 
known antibiotics from rarely to frequently, depending on 
the antibiotic. Taken overall, the toxic and metabolic side 
effects that occur following the clinically sensible adminis- 
tration of antibiotics today are seen in somewhat less 
than 5% of patients at risk. 

Immunologic reactions vary from a rapidly fatal ana- 
phylactic shock, rarely produced by penicillin, for example, 
to a mild allergic dermatitis requiring no specific therapy. 

The metabolic effects of antibiotic administration are, 
perhaps, less well recognized, although in the long run 
they may produce a greater number of serious side ef- 
fects. In this category, ototoxicity and nephrotoxicity are 
well-known examples. Other antibiotics, such as chloram- 
phenicol (Chloromycetin), may inhibit gen metabolism 
and cell growth, thus, at least potential , interfering with 
host antibacterial responses and nitive Sealed The clfhi- 
cally significant adverse responses are, for the most part, 
related to the total dose of drug given so that the inci- 
dence of side effects usually can be reduced by carefuleat- 


tention to patient reactions and to the amount and dura- y 


tion of administration. 
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Normal bacteria flora is always affected to some degree 
by antibiotic administration. However, significant altera- 
tions are not often produced unless a wide-spectrum anti- 
biotic is administered in effective doses for four or more 
days. Alteration of normal flora produces two problems: 
(1) the prothrombin deficiency produced by elimination of 
certain enteric organisms and (2) the overgrowth of path- 
ogens that may replace the usual strains of bacteria elimi- 
nated by antibiotic action. The detrimental effects of al- 
tering normal bacterial flora are, for the most part, 
ignored and their importance greatly underestimated. 

The environmental effects of antibiotic therapy are 
subtle and difficult to assess. However, extensive use of 
any single or combination antibiotic in a hospital or medi- 
cal community can drastically change the antibiotic sensi- 
tivity patterns of the bacterial strains found in that com- 
munity and, therefore, may reduce the effectiveness of 
antibiotic treatment to the detriment of the patient popu- 
lation. 

Dr. MacLean: The risks of giving antibiotics in- 
discriminantly are the following: (1) allergic responses 
(from small skin eruptions to massive anaphylactic at- 
tacks); (2) idiosyncrasy, eg, bone marrow depression that 
may lead to the death of the patient after a single dose of 
an antibiotic; (3) toxicity, especially affecting ear, kidney, 
and liver (usually dose- and time-related and especially a 
concern with gentamicin, kanamycin sulfate, and ceph- 
aloridine); (4) unpleasant side effects (nausea, vomiting, 
and diarrhea principally); (5) the development of resistant 
populations of organisms, which may result in the pres- 
ence of antibiotics to genetic alterations in the organism 
itself or the elaboration of transfer factors that may lead 
to the development of resistance in strains not previously 
resistant. 

Approximately 5% of the population is sensitive to peni- 
cillin, and this sensitivity overlaps to a limited extent with 
the cephalosporins. 

The development of resistant organisms is a serious and 
continuing problem that we have seen, first with penicil- 
lin, then with streptomycin sulfate followed by kanamy- 
cin, and now with gentamicin. Certain Proteus strains in 
our hospital formerly sensitive to gentamicin are now re- 
sistant. Resistant organisms can disappear from the hos- 
pital setting if the antibiotic is withdrawn from use and 
used again in a discriminant fashion after six to eight 
months. Approximately 30% of patients treated with anti- 
biotics have some adverse response, ranging from severe 
to inconsequential. 

For these five reasons, one cannot support the use of an- 
tibiotics prophylactically in all patients who run any risk 
of infection. 

Dr. ALEXANDER; The serious side effects from antibiotic 
therapy include hypersensitivity reactions, idiosyncratic 
reactions, toxic manifestations, and disturbance of the mi- 
crobial ecology in both the nosocomial and community en- 
vironment. In this regard, there is little evidence that su- 
p@rinfection is a direct consequence of antibiotic therapy. 

_ The incidence of side effects depends largely on the spe- 
cific drug in question. For instance, hypersensitivity reac- 
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tions are most frequently seen with the penicillins, sul- 
fonamides, and novobiocin sodium. About 100 deaths occur 
in the United States each year from penicillin sensitivity 
alone. Severe idiosyncratic reactions are rare and occur 
primarily with chloramphenicol among the antjbictics in 
common use. Toxic reactions are common and vary de- 
pending on the antibiotic. Changes in the microbial ecol- 
ogy are common with all of the antimicrobial agents, but 
in general, the narrower the spectrum of the agent, the 
less will be the effect on the microbial environment of the 
host. 


Question 2: Do antibiotics ever reach the operative wound? 
Is there a difference in the ability of different antibietics to 
reach the operative wound? Does the distinction between bac- 
tericidal and bacteriostatic antibiotics influence your choice 
of drug? I recently heard that a regimen of prophylactic anti- 
biotics, to be effective, should be started 24 hours before oper- 
ation. Is there anyplace in the body that requires 24 hours or, 
perhaps, more than two hours to saturate with antibiotics? 


Dr. ALEXANDER: Antibiotics reach the already-made op- 
erative wound by two mechanisms: (1) by diffusion during 
the postoperative period and (2) by blood collecting in the 
wound carrying antibiotics passively from the systemic 
circulation. There is considerable difference in the ability 
of different antibiotics to reach the operative wound when 
systemic antibiotics are administered for the first time qf- 
ter the wound has been made. This difference depends on a 
complex set of factors, including the affinity of the anti- 
biotic for plasma proteins, molecular size, and other fac- 
tors not yet fully delineated. 

We recently measured the concentrations of 13 anti- 
biotics in fluids collected sequentially from fresh wounds 
after a single intravenous dose to study the rate of en- 
trance, peak concentration achieved, persistence of activ- 
ity, and relationship to serum concentration. The concen- 
tration after administration of ten of these was studied 
additionally in fluids from wounds one, three, seven, and 
14 days old. For each antibiotic there was a consistently 
reproducible relationship between serum and wound con- 
centrations. Penicillin, ampicillin and nafcillin sodium 
rapidly equilibrated between serum and wound, and con- 
centrations in the wound fluid exceeded serum concentra- 
tions by one hour. However, because serum concentrations 
of nafcillin fell rapidly, wound fluid concentrations were 
always low in comparison to penicillin and ampicillin. 
Oxacillin and carbenicillin took much longer to equilibrate 
with the wound fluid, suggesting that they would be rela- 
tively ineffective as prophylactic antibiotics. Significant 
wound fluid levels were achieved with each of the three 
cephalosporins studied, reaching peak concentrations be- 
tween one and two hours after their administration. The 
wound fluid level for erythromycin did not exceed the 
serum concentration until five hours after administra- 
tion. Relatively low concentrations of gentamicin were 
achieved, and peak concentration was at two hours. Peak 
concentrations of polymyxin B sulfate were found at one 
hour, but wound fluid concentrations never reached serum 
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concentrations. The same was true of tetracycline. Wound 
fluid concentrations of clindamycin did not exceed serum 
concentrations until after five hours. There was no sub- 
stantial difference in the rate of entrance of an antibiotic 
inte wound fluids because of wound age up to two weeks. 
However, the volume of wound fluid was important in de- 
termining the rate of change in concentration in the fluid 
after systemic administration of the antibiotic. The re- 
sults of this study showed that there was considerable dif- 
ference between various antibiotics concerning the rate in 
which they reached the operative wound, with peak con- 
centrations being reached in less than one hour by some 
and more than five hours by others. 

With these considerations, it is my personal belief that 
the distinction between bactericidal and bacteriostatic an- 
tibiotics should play a minor role in the choice of a drug 
for prophylactic usage. The evidence also indicates that it 
is unnecessary to start administration of antibiotics as 
long as 24 hours before operation. Instead, the length of 
time before operation that an antibiotic should be given 
prophylactically should be determined by its rate of equili- 
bration. From other experiments we have done, but not 
published, it appears that the best protocol for prophylac- 
tic administration of rapidly diffusing antibiotics would 
be concomitant intramuscular and intravenous injections 
of the usual therapeutic dose at the time of administration 
of the preoperative medication. For antibiotics that dif- 
fuse slowly, an additional intramuscular injection proba- 
bly should be given six hours before the time of planned 
operation to achieve maximal concentrations in the wound 
fluid. 

Dr. BuRKE: Considerable experimental and clinical evi- 
dence indicates that antibiotics rapidly reach the tissues 
and operative wound following administration. Levels in 
uninjured tissue usually reach a peak less than an hour 
following peak blood levels and maintain a sizable concen- 


= tration there longer than in the blood. 


Theoretically, one might make a point for a bactericidal 
over a bacteriostatic antibiotic in therapeutic use, but 
there is little clinical or experimental evidence that this is 
important. I can see no reason why administration of an- 
tibiotics must be started 24 hours before an operation to 
be effective. In fact, I believe that this merely prolongs 
the time of antibiotic administration, increases the dose 
of antibiotic unnecessarily, and increases the risk of emer- 
gence of a resistant bacterial strain. 

If an antibiotic is present in the tissue when bacteria ar- 
rive, it provides a maximum effect in preventing infection. 
The length of time the antibiotic is present before the 
bacteria arrive is immaterial. If antibiotics are delivered 
systemically to normal or inflamed tissue, adequate con- 
centrations of most antibiotics will be achieved in an hour 
or, at most, two hours. 

Dr. MAcLEANn: Two recent publications document quite 
clearly that antibiotics do reach the wound. In the Journal 
of Trauma (13:423, 1973), the concentrations of ten anti- 
biotics were measured in the serum in fresh wounds and 
in wounds up to 14 days old after an intravenous bolus in- 
jection. On the basis of rate of entrance, peak concentra- 
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tion, duration of the antibiotic in wound fluid, ampicillin, 
penicillin, the cephalosporins (cephaloridine, cephalothin, 
cefazolin), and tetracycline all show excellent concentra- 
tions for prophylactic use at two hours. Clindamycin peaks 
in the wound later than two hours and, because of low 
peak wound concentrations, carbenicillin, nafcillin, oxacil- 
lin, gentamicin, erythromycin, and polymyxin have the 
least potential to prevent wound infection in contami- 
nated wounds when used prophylactically. 

Another recent publication, in the American Journal of 
Medical Sciences (265:33, 1973), shows that the transport 
of cephaloridine between plasma and wound is passive. 
Therefore, there is an advantage in giving large intra- 
vascular injections of the antibiotic early as compared to 
constant infusions. These studies do not indicate that 
there is any necessity for starting prophylactic antibiotics 
24 hours before operation. The passage of antibiotics to 
joints or areas that might be considered remote is no dif- 
ferent than that summarized for other wounds. 

I think there is not an effective clinical difference be- 
tween bactericidal and bacteriostatic drugs, but would 
generally choose, in septic patients with bacteremia, a 
bactericidal drug. 


Question 3: Are there any indications for giving antibiotics 
during basically clean surgery where the expected infection 
rate is less than 2% or 3%? For example, would you give a 
“prophylactic antibiotic” to a patient undergoing men- 
isectomy, elective cholecystectomy, or herniorrhaphy? 


Dr. BURKE: Unfortunately, this decision cannot be made 
solely on the type of operation to be performed, as sug- 
gested by the question. The important factor to consider 
here is the ability of the patient to withstand the surgical 
procedure without developing an infection, not the exact 
nature of the operation itself. There are instances where 
the usual very low risk of infection following a clean, elec- 
tive surgical procedure (eg, elective herniorrhaphy) is 
changed to a high risk of infection because the patient has 
a seriously compromised resistance against bacterial inva- 
sion. Thus, if the patient is normal, elective menisectomy, 
cholecystectomy, or herniorrhaphy would not require pre- 
operative antibiotics because. the risk of postoperative 
infection is very small. If, however, the patient has agam- 
maglobulinemia, or other disease or abnormality produc- 
ing a severely compromised resistance against bacterial 
invasion, preoperative, preventive antibiotics are indi- 
cated. 

Dr. MACLEAN: No, there are no such indications, in my 
opinion, even in the elderly, the diabetic, or the patients 
receiving steroids, with the possible exception of the pa- 
tient scheduled for cholecystectomy. The most important 
factor predisposing to wound infection is the demonstra- 
tion of bacteria in the wound at the conclusion of the oper- 
ation. Other factors of decreasing importance are dura- 
tion of the operation, age of the patient, and ward of 
origin of the patient. If the wound infection rate excedds 
2% to 3% for clean surgery in a hospital, an investigation 
of technique, ventilatioh, and other known influences that 


Antibiotics in Surgery/ Hunt etal 






Al 





increase contamination is indicated. 

* Approximately 30% of patients undergoing cholecystec- 
tomy in our hospital have contaminated bile or gallbladder 
wall. This is by no means confined to patients with acute 
or gangrenous cholecystitis or patients with jaundice 
or common duct stone. Since operative cholangiography, 
which permits contamination of the wound, is frequently 
practiced, I have used the following regimen for all pa- 
tients undergoing cholecystectomy: 1 gm cephaloridine on 
call to surgery, 1 gm at five hours, and 1 gm at 12 hours 
(Surgery 66:97, 1969). 

Dr. ALEXANDER: I believe very strongly that antibiotics 
should not be given prophylactically to patients under- 
going clean surgery. Such a practice is not only unneces- 
sary but actually harmful, and there is a large body of 
data that suggest that the use of prophylactic antibiotics 
in this group of patients both increases the rate of infec- 
tion and unfavorably affects the nosocomial microbial en- 
vironment. Perhaps even worse, the practice is all too 
often a poorly disguised attempt to provide protection for 


“poor surgery.” 


Question 4: Is the risk in a clean-contaminated operation, 
such as gastrectomy, cholecystectomy for acute cholecystitis, 
and elective resection of colon, sufficient indication for pre- 
yentive antibiotics? Are antibiotics given in this population of 
patients effective in preventing infection? What is your cus- 
tomary recommended antibiotic and dosage schedule? Do you 
consider delayed primary closure in such instances? 


Dr. ALEXANDER: While operations that transverse the 
biliary and gastrointestinal tracts are customarily 
grouped together in a clean-contaminated category, they 
vary considerably in the degree of contamination of the 
operative incision. For instance, the numbers of bacteria 
spilled during an open colon anastomosis are far greater 
than during a careful gastric resection for duodenal ulcer. 
In the latter instance, I believe that prophylactic anti- 
biotics should not be given. However, if a gastrectomy is 
done for malignant disease, the degree of contamination 
is usually much greater, and I believe that prophylactic 
antibiotics should be given. Infection rate can be substan- 
tially reduced by systemic prophylactic antibiotics during 
operations with a high degree of bacterial contamination, 
such as colon resection. We administer one million units 
aqueous penicillin and 250 mg tetracycline administered 
intravenously with the preoperative medication. This dose 
is repeated during the intraoperative period, immediately 
postoperatively, and every six hours during the first three 
to four postoperative days. For patients sensitive to peni- 
cillin, erythromycin has been used. Clindamycin has been 
highly effective ip the prevention of infections associated 
with vaginal hysterectomy, and the drug is of great value 
în the active treatment of most anaerobic infections. 
However, it has not yet been evaluated sufficiently to rec- 
ommend it as a prophylactic agent for bowel surgery. 
With increasing numbers of tetracycline-resistant Bacte- 
roides in both community and hospital reservoirs, clin- 
‘damycin may well replace tetracycline as a primary 
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prophylactic antibiotic for bowel surgery. Based on our 
studies on the rate of distribution of clindamycin, I pres- 
ently recommend an additional injection of the drug ap- 
proximately six hours prior to the expected time of oper- 
ation if possible. Cephaloradine is also efective in 
reducing the incidence of postoperative wound infection 
following colon surgery when given only during the preop- 
erative, intraoperative, and immediately postoperative 
period. 

Dr. MacLean: Yes, the risk is sufficient and, yes, anti- 


bioties are effective on the basis of double-blind, prospec- i 
tive clinical trials in lowering wound infection rates. The 


regimen we have adopted for clean-contaminated and 
contaminated surgery is that recommended above (see 
question 3 for reference and dose schedule). Preparation 
for colon surgery may require something more. With me- 
chanical preparation alone, the wound infection rate for 
elective colon resection has been reported to be as high as 
35% and 50% (Br J Surg 58:266, 1971). The addition of 
orally administered nonabsorbable antibacterial agents to 
bowel preparation lowers this rate to 20% to 25%. At my 
institution we have used mechanical preparation with ei- 
ther intravenously or intramuscularly administered ceph- 
aloridine or orally administered antimicrobials. One of the 
lowest wound infection rates reported, ie, 2.5%, following 
colon surgery combines mechanical preparation, orally ad- 
ministered antimicrobials, and 1 gm locally administered 
powdered ampicillin in the subfascial and subcutaneous 
spaces at the time of wound closure (Ann Surg 176:129, 
1972). 

Why not do delayed primary wound closure after all co- 
lon surgery? The reason we avoid this in all but clearly 
grossly contaminated cases is because of the increased 
morbidity. The patient experiences more pain in the 
wound, and in our own institution this has resulted in a 
longer hospital stay. Furthermore, this technique has not 
completely eliminated wound infection. 

DR. BURKE: In this case, serious consideration should be 
given to administration of antibiotics during operation to 
prevent infection. It is, perhaps, too strong to say that all 
patients undergoing this type of surgery should receive 
preventive antibiotics, for again, the clinical decision con- 
cerning their use must be made on the basis of the proba- 


bility of infection in each patient and each operative situ- | 


ation. On the whole, however, I believe that in most such 
instances preventive antibiotics provide more benefit than 
harm. The choice of antibiotic to be given must be dictated 
by the clinical situation. In operations on the gastroin- 
testinal tract, if patients do not demonstrate sensitivity 
or previous renal disease, 1 gm cephaloridine preopera- 


tively and 1 gm in the recovery room has proved effective — 


in our patients. No further antibiotics are given unless 
there is a focus of infection, such as peritonitis, found at 
surgery, thus establishing a therapeutic indication for 
continued and specific antibiotic therapy. 


Question 5: Patients having vascular and orthopedic proce- 
dures in which a foreign body is implanted are frequently given 
antibiotics. Here, the incidence of infection is low, but each 


Antibiotics in Surgery/Hunt et al 151 





- 





_ 
rey 


| + ae 

lj 

A - 
BES 


fection has disastrous effects. What would you recommend 


for aortic valve replacement, hip replacement, and Dacron ar- 


terial bypass grafts? What is your honest opinion of the pos- 
sible benefit in case your practice and expectations differ? 


S | 

Dr. BuRKE: Foreign bodies, even those compatible with 
tissue, markedly reduce local tissue antibacterial capabil- 
ity. In these procedures, infection rate is low, but when it 


z ; occurs, it becomes a life-threatening or seriously disabling 


complication. Although the side effects of antibiotic ther- 
apy may be as frequent as sepsis, their effects are usually 
far less serious than those of bacterial infection. Overall, 


_ this patient population benefits by the use of preoperative | 
antibiotics. The choice of antibiotic is again ruled by the 


clinical problem and the bacteriologic problems in the hos- 
pital population. For example, if a hospital bacteriology 
laboratory reports a 90% resistance pattern to a given an- 
tibiotic, this antibiotic should not be used preoperatively. 
In our experience, Gram-positive organisms are dominant 


in bacterial complications following orthopedic and vascu- 
_ lar procedures and Gram-negative organisms are seen less 
~ often. We therefore use 2 gm oxacillin preoperatively, fol- 
lowed by a second 2-gm dose in the recovery room. All an- 


tibioties are then discontinued if there are no further 
sources for bacterial contamination of the foreign body 
implant or blood stream. This point concerning further 


= bacterial contamination is important for it has been dem- 


onstrated that antibiotics are effective in preventing in- 
feetion in the first hour or so following bacterial contami- 
nation and provide a maximum effect if present in the 
tissue when bacteria arrive. Therefore, if a wound or for- 
eign body is protected by antibiotics during the operative 


~ period and if no further contamination occurs, there is no 


_ need for antibiotics. Arterial lines, central venous lines, 


= and endotracheal tubes left in place after operation con- 
_ tinue to provide open avenues for entrance of bacteria 
__ into the blood stream from which there is a high probabil- 


ity of contamination of any implanted foreign body. The 


= risk continues until the vascular cannulas, tubes, and so on 


are removed. Therefore, preventive antibiotics are contin- 


ued until the tubes and catheters are removed. 


Dr. ALEXANDER: There is insufficient evidence of effec- 
tiveness to recommend the use of prophylactic antibiotics 


= in vascular or orthopedic procedures in which a foreign 
_ body has been implanted unless contamination is known 
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to have occurred. In this instance, a rapidly diffusing anti- 
biotic with an effective spectrum of activity against the 
suspected contaminants should be given. On the other 
hand, there is increasing evidence that the topical use of 
antibiotics in procedures involving implantation of for- 
eign bodies may provide a beneficial effect without induc- 
ing a change in the microbial ecology of the host. 

A more effective argument can be made for the admin- 
istration of systemic prophylactic antibiotics to patients 
undergoing cardiopulmonary bypass because the opportu- 
nity for contamination is greatly increased and the prob- 
able pathogens can usually be predicted on the basis of re- 
peated bacterial monitoring of the equipment, perfusate, 
and environment. Staphylococcus aureus and S albus are 
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the most frequent contaminants, partly because the intrg- 
cardiac suction that returns blood to the pump also acts as 
an air sampling device. 

Dr. MacLean: We use prophylactic cloxacillin, starting 
12 hours before surgery and continuing for two to five 
days, but we have no evidence to support this practice. 
Dosage given is 0.5 gm four times a day parenterally. We 
have not detected an emergence of staphylococci resistant 
to cloxacillin, even though this practice has continued for 
many years. 


Question 6: When we can predict the endogenous contami- 
nation with sufficient accuracy, we “treat in advance,” expect- 
ing, on a statistical basis, to reduce the effective contamina- 
tion. Our medical colleagues say that giving an antibiotic 
effective against only some of the contaminating organisms 
actually increases the incidence of infection attributable to 
other organisms. Do you agree? 


Dr. ALEXANDER: Numbers of bacteria below a critical 
inoculum usually fail to cause infections and numbers 
above the critical inoculum usually preduce infection. 
Therefore, reduction of the total number of contaminat- 
ing organisms should be expected to reduee infection. The 
marked reduction in wound infection associated with 
prophylactic antibiotic therapy in penetrating wounds of 
the abdomen supports this concept. These wounds are con- 
taminated with a wide variety of aerobic and anaerobic 
organisms that result in synergetic infections involving 
Bacteriodes species, anaerobic Streptococcus, and anaero- 
bic Staphylococcus organisms. By specifically controlling 
the growth and development of these organisms, synerget- 
ic infections can be prevented. The belief that giving an 
antibiotic effective against only some of the contaminat- 
ing organisms actually increases the incidence of infec- 
tion comes from several studies that showed that adminis- 
tration of prophylactic antibiotics to patients with clean 
surgical wounds caused an increase in infection. These in- 
fections were usually resistant to the administered anti- 
biotics. It is probable that certain antibiotics adversely af- 
fect host resistance mechanisms in a way that has not yet 
been demonstrated. Therefore, our medical colleagues are 
probably correct in clean cases where the probable patho- 
gen cannot be accurately predicted, and the development 
of infections is often associated with a coexisting decrease 
in host resistance. Their statement appears to be incorrect 
when the vast majority of organisms can be controlled by 
antibiotic therapy or when synergetic infections can be 
prevented by the control of key organisms. 

Dr. BURKE: This comment, which one often hears, im- 
plies that the use of antibiotics effective against only some 
of the endogenous strains of organisms that may contami- 
nate the surgical site actually increases the overall inci- 
dence of infection. There is much carefully obtained clini- 
cal data that indicate that the contrary is true. A number 
of well-controlled, prospective double-blind studies using 
preoperative, preventive antibiotics and placebo provide 
statistically significant data indicating that the incidence 
of infection in the treated patients is lower than that iņ 
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the patients receiving placebo. 

Dr. MacLean: No. Prospective randomized trials, some 
of which were double-blind, indicate that the absolute 
wound infection rate is decreased by prophylactic anti- 
biotics when this therapy is started before the time of con- 
tamination, is present in high concentration at that time, 
and is continued for a brief period thereafter (one or two 
days). 

The use of cephaloridine, which is not effective against 
Bacteroides that inhabits the gastrointestinal tract in 
great abundance, has lowered the wound infection rate 
when used as preparation for colon surgery. An increase 
in Bacteroides infection after use of this antibiotic is not 
reported. One would expect an increase if the antibiotic 
were depressing the organisms that are sensitive and in- 
creasing the incidence of infections from organisms not 
sensitive. I would not argue with the use of penicillin and 
tetracycline rather than cephaloridine, as this combina- 
tion is undoubtedly more effective against anaerobic orga- 
nisms such as Bacteroides. 


Question 7: The evidence is conflicting about the efficacy of 
peritoneal or wound irrigation with antibiotics. Recently, one 
of my colleagues wanted to generate some data about peri- 
toneal irrigation, but our Human Experimentation Committee 
said that such use of antibiotics has been proved ineffective 
and the study was not ethical! What is your opinion? If yeu 
use antibiotic peritoneal lavage, how do you prevent respira- 
tory paralysis? 


Dr. ALEXANDER: Most antibiotics exchange rapidly be- 
tween serum and peritoneal compartments. Therefore, ef- 
fective concentrations in peritoneal fluid can be achieved 
easily. The peritoneum also has a remarkable natural re- 
sistance to infection because of an extremely reactive vas- 
cular network and numerous phagocytes already present 
in the peritoneal fluid, providing a natural means for re- 
moval of contaminating organisms. For these reasons, in- 
traperitoneal infection is infrequent even when massive 
contamination has occurred, providing there is no contin- 
uing source of contamination and no foreign bodies or col- 
lections of blood are left within the peritoneal cavity. Re- 
cent evidence suggests that postoperative drainage using 
a closed system suction apparatus substantially reduces 
the incidence of intraperitoneal infection after operations 
where there is likely to be a collection of blood (eg, sple- 
nectomy, nephrectomy, or cholecystectomy). In contrast, 
the use of Penrose drains after clean intra-abdominal op- 
erations, such as splenectomy, is clearly contraindicated 
because of the introduction of organisms from the outside 
during the postoperative period. I believe that antibiotic 
peritoneal lavage does not substantially decrease the inci- 
dence of intraperitoneal infection if the above-mentioned 
sfirgical principles are observed, and the risks of respira- 
tory paralysis and kidney damage are greater than the po- 
tential benefit. 

eln contrast, active phagocytic cells are not normally 
present in the wound during operation and exchange of 
antibiotics into the wound fluid compartment is not as 
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rapid as into the peritoneal cavity. Also, the capability of — ; 


the wound to deliver phagocytic cells or to disperse bac- 
teria is clearly inferior to that of the peritoneal mem- 
brane. Therefore, irrigation of contaminated wounds with 
solutions of antibiotics seems justified. Large papi 
of the antibiotic solution are not required, and it is clearly 
unnecessary to have concentrations greater tflan 100ug/ 
ml, making respiratory paralysis an insignificant consid- 
eration. We routinely use a solution of kanamycin for irri- 
gation of operative wounds in immunosuppressed patients 
and avoid the systemic administration of antibiotics. In 
evaluating several hundred wounds, there have been no 
complications from this practice and infections have been 
less in the antibiotic irrigated group. 

Dr. BURKE: Although antibiotics provided by this 
method probably do have some effect, it is, in my view, a 
far less effective method of delivering antibiotics to the 


tissue at risk than the use of the vascular system. I, there- — 


fore, do not use antibiotic peritoneal lavage, but when pre- 
ventive antibiotics are indicated, I use the systemic route. 
Saline irrigation itself, however, is an important step in 
the prevention of infection, for it removes foreign bodies, 
fibrin clumps, and blood clots, as well as microorganisms, 
all of which are a hazard to the patient. I use saline peri- 
toneal lavage without antibiotics routinely. 

Dr. MACLEAN: I do not use peritoneal lavage with anti- 
biotics, not because I believe it is ineffective but be- 


` cause I am not aware of any advantage of this route over 


the parenteral routes. 


Question 8: How would you manage a patient who was un- 
dergoing surgical closure of an ulcer perforated four hours be- 
fore admission? What is the probability of infection if no anti- 
biotics aré given? 


Dr. BuRKE: Administration of antibiotics should be 
started in the emergency ward as soon as the diagnosis of 
perforated ulcer is made. The longer the delay before 
treatment, the higher the possibility of peritoneal or 
wound infection sepsis. At operation, all necrotic and seri- 
ously injured tissue must be debrided and exact hemo- 
stasia obtained. Before closure of the abdominal wall, the 
peritoneal cavity should be carefully and copiously irri- 
gated with saline to remove spilled gastric content and all 
intraperitoneal collections of fluid should be aspirated. 
The wound itself should also be carefully irrigated and 
debrided to remove all nonviable tissue and foreign bodies. 
Antibiotics do not prevent all wound infections and do not 
replace the technique of secondary closure. If the wound 
has been massively contaminated with purulent material 
and foreign bodies, or if the patient is debilitated or dem- 
onstrates other defects in host resistance, the wound 
should be left open for possible secondary closure. 

Dr. ALEXANDER: The risk of operative wound infection 
following closure of peptic ulcer that perforated only four 
hours before is relatively small. However, bacterial growth 
within the peritoneal cavity can begin during the initial 
four hours, especially if there is a large and continuing 
leak. For this reason, I would administer prophylactic 
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doses of penicillin and tetracycline beginning in the pre- 
operative period. I would estimate that the probability of 
infection should be 3% to 5% if no antibiotics were given, 
depending on the age and physiological condition of the 
patient (for dosage schedule see question 4). 

Dr. MacLean: I use 1 gm prophylactic cephaloridine 
parenterally when the diagnosis is made, which should be 
very close to the call time to surgery, and further paren- 
teral doses at five and 12 hours. I would estimate the in- 
fection rate without antibiotics at 10%. 


Question 9: We see more anaerobic infections than before. 
What antibiotics do you start with for an infection that clini- 
cally appears “anaerobic,” such as necrotizing fasciitis, for in- 
stance, and on Gram-stained smear shows pleomorphic Gram- 
negative bacilli? What if the smear shows Gram-positive and 
Gram-negative bacilli? What do you do if the odor suggests 
that Bacteroides is present? 


Dr. BuRKE: The initial antibiotic therapy for necrotiz- 
ing fasciitis, which on Gram stain shows pleomorphic 
Gram-negative bacilli, must be based on probability. 
Therefore, culture identification of the organisms and 
their sensitivities is essential, and revision of the initial 
antibiotic regimen should be made as soon as the exact. bac- 
teriologic information is available. If the smear showed 
Gram-positive and Gram-negative bacteria, we would ini- 
tially give penicillin and gentamicin; or alternatively, a 
combination containing chloramphenicol if we suspected 
that anaerobic organisms—especially Bacteroides—were 
present. Combination therapy, usually best avoided, is 
often appropriate here as initial therapy because of the 
life-threatening nature of the infection. Bacterial odors 
and Gram stains do not convincingly indicate that a 
mixed flora of microorganisms is not present. 

Dr. ALEXANDER: Three drugs are currently the choice 
for anaerobic infections. In order of historical use, they 
are tetracycline, chloramphenicol, and clindamycin. Clin- 
damycin, at present, appears to be the most useful drug 
for most anaerobes including Bacteroides. If the smear 
shows both Gram-positive and Gram-negative bacilli, my 
current choice for immediate broad-spectrum coverage 
would be a combination of gentamicin and clindamycin. 
These drugs would be altered later as necessary, based on 
the clinical response of the patient and antibiotic sensi- 
tivity testing. 

Dr. MacLean: Anaerobic infections such as necrotizing 
fasciitis are usually due to a mixture of anaerobes and 
aerobes. Pleomorphic Gram-negative bacilli on smear sug- 
gests Bacteroides, but I would still treat it as if both 
aerobes and anaerobes were present and give 10 to 20 M 
units penicillin G potassium, 600 mg clindamycin and 5 
mg/kg/day gentamicin. 

If Gram-positive rods are present, a clostridial infection 
is more likely, but I would give the same antibiotic regi- 
men. 

If there is a putrid odor, this suggests a mixed anaero- 
bic infection, not Bacteroides. Bacteroides infections re- 
spond to 2 gm chloramphenicol per day or to 600 mg clin- 
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damycin four times a day. 

It goes without saying that the survival of the patient 
will depend on early and complete surgical debridement. 
An interested consultant microbiologist or expert in infec- 
tious diseases can be most helpful in these emergency sit- 
uations. 


Question 10: Please analyze the problem of possible super- 
infection in the decision to recommend antibiotics in a patient 
with postoperative pneumonitis requiring a respirator. 


Dr. ALEXANDER: Infections occur frequently in the com- 
promised host because of lowered resistance to microbial 
invasion, and superinfection with a resistant microorga- 
nism often follows successful antibiotic therapy. However, 
these superinfections probably reflect the patient’s innate 
susceptibility to infection more than being a direct com- 
plication of antibiotics. In the example cited, appropriate 
antibiotic therapy should be given for the treatment of 
the pneumonitis if it appears to be a significant disease. It 
is important to keep the antibiotic spectrum as narrow as 
possible (based on stains and cultures) to prevent the 
emergence of increasing numbers of antibiotic-resistant 
microbes. Tracheostomy and endotracheal tubes are con- 
tinuing sources of contamination and should be discontin- 


ued at the earliest possible moment. During therapy via 


the respirator, daily monitoring of the endotracheal secre- 
tions for the emergence of new pathogens is warranted. 
Prophylactic antibiotics have no place in the prevention of 
pneumonia in patients requiring respirator therapy. 

Dr. BURKE: I agree with Dr. Alexander’s comments. The 
therapeutic regimen of antibiotic should be limited to be- 
tween five and ten days, depending on clinical response, in 
order to limit the period of antibiotic treatment and allow 
the patient to reestablish normal flora as soon as possible. 

Dr. MACLEAN: The decision to treat pneumonia is based 
on purulent sputum with a demonstration of bacteria on 
Gram stain and culture with the appropriate antibiotic, 
eg, penicillin G potassium only for diplococci, cloxacillin 
for staphylococci, and this treatment is combined with 
physiotherapy, appropriate endotracheal suction and res- 
pirator care. If these means are taken, the incidence of su- 
perinfection will be low. Superinfection is a problem in 
our intensive care unit when antibiotics have been used 
indiscriminantly and an unnecessary or an inappropriate 
antibiotic or combination was used and when the treat- 
ment was continued for a prolonged period of time (longer 
than five days). I agree with the treatment as outlined by 
Drs. Alexander and Burke. 

Dr. Hunt: The panel has spoken! They have reached the 
conclusion that antibiotics are effective antimicrobials 
even when given under the label of “prophylaxis.” The 
clinical secret, all agree, is to know when to use prophy- 
laxis, what to give, how much to give, and how long to per- 
sist. Furthermore, they have detailed their own clinical 
practices. They have clearly stated that antibiotics given 
as prophylaxis for procedures and patients with low infet- 
tion risk occasioned by random contamination are ineffec- 
tive and likely to be harmful either immediately or in the 
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lgng run. When the statistical probability of infection 
rises over approximately 5%, however, or when the conse- 
quences of a potential infection become extremely serious, 
prophylaxis becomes justified. Under these conditions, 
prophylaxis has a significant probability of effectively pre- 
venting some but not all infections. They emphasize that 
to use prophylaxis effectively, one must be able to predict 
with some accuracy the type of bacteria one wishes to in- 
hibit, so that effective, safe antibiotics can be chosen, for 
it is truly impossible to bar the entire bacterial world. 
Each panelist has given his reasoning for his personal 
choices with an admonition that infection statistics vary 
from hospital to hospital. Hospital “antibiograms,” there- 
fore, are essential to intelligent and effective decisions in 
prophylaxis, and clinical practice may vary for excellent 
reasons from place to place. 

Many antibiotics (detailed above) reach the wound in 
effective concentrations after usual doses. All agree that 
for maximal prophylactic efficiency, the antibiotic should 
already be present, if possible, when the contamination 
occurs. Effectiveness decreases thereafter with each min- 
ute’s delay. Partly for this reason and partly for safety 
and ecological purposes, we agree that prophylaxis should 
last from a few hours to a few days at most. The panel had 
a mixed reaction to the use of antibiotics locally in the 
wound or the peritoneal or chest cavity. Controversy also 
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persists, apparently, on the routine use of prophylactic an- | 3 F 
tibiotics for clean surgery in which foreign bodies are de- 


liberately implanted. p 
Prophylaxis has its own consequences, such as accumu- 


lation of resistant bacterial strains, allergic,reactions, — 


idiosyncratic reactions, and metabolic deranggments. We 
agree that prophylactic antibiotics do not cause super- 
infections but do influence the type of superinfection. The 


decision “to treat in advance” is a fairly serious one that — 


encumbers the surgeon with some responsibility. 
We are all grateful to the panel who have, to a man, 
taken a thoughtful and courageous stand on this contro- 


versial subject! Their courage for even accepting the as- 


signment is remarkable. It is said that three subjects 
should not be argued in polite company: religion, sex, and 
prophylactic antibiotics. Yet, the agreement among the 
panelists (and the moderator) has been remarkable. The 
panel has put together a concise, workable, and theughtful 
set of principles. 


Nonproprietary Names and 
Trademarks of Drugs 
Cephaloridine—Loridine. 
Clindamycin—Cleocin. 
Nafcillin sodium—Unipen. 
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Multiple Primary Malignant Neoplasms 


A Search for an Immunogenetic Basis 


A. Lee Dellon, MD; Paul B. Chretien, MD; 
Claude Potvin, MD; G. Nicholas Rogentine, Jr., MD 


The occurrence of multiple primary malignant neoplasms in single 
individuals is well documented. Although many hypotheses have 
been advanced to explain this occurrence, there has been no study to 
determine if a presumed “increased susceptibility to cancer” has an 
immunogenetic basis. We evaluated the cellular immunity and histo- 
compatibility antigens of 42 patients who had had from two to four 
multiple primary malignant neoplasms. We failed to demonstrate a 
preexisting impairment of immunocompetence or abnormal HL-A an- 
tigen frequencies in these patients. The occurrence of multiple pri- 
mary malignant neoplasms in related tissues, eg, lung/larynx/oral 
cavity, and the occurrence of successive primary malignant neo- 
plasms at a time interval consistent with the patient's being cured of 
preceding malignant neoplasms suggest that multiple primary malig- 
nant neoplasms result from repetitive induction by the same or sim- 
ilar etiologic factors in patients who are cured after treatment of the 
first malignant neoplasm. 


he classic review by Warren and Gates in 1932 

of 1,300 multiple primary malignant neoplasms con- 
cluded that a patient with one malignant neoplasm was 
more likely to develop a second malignant neoplasm than 
could be expected by chance alone.’ A similar conclusion 
was reached by Burgher in 1934.” who suggested that cer- 
tain individuals had an “enhanced cancer susceptibility.” 
The basis of such a predisposition to carcinogenesis re- 
mains controversial. Occurrence of multiple primary ma- 
lignant neoplasms in 20% of patients with endometrial 
carcinoma’ and in 24% of patients with head and neck ma- 
lignant neoplasms‘ suggests hormonal mediation or com- 
mon exposure to a carcinogen as the basis. Spratt and 
Hoag have suggested that multiple primary malignant 
neoplasms are related simply to aging, since they found 
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no difference between the incidence of multiple primary 
malignant neoplasms per man-year at risk between those 
who had a previous malignant neoplasm and those who 
had none.’ This finding is supported by Moertel et al, who 
found the distribution of types of second malignant neo- 
plasms developing in lung cancer patients were not sub- 
stantially different from those developing in a population 
without previous malignant neoplasms.° The observed 
high familial incidence of cancer in patients with malig- 
nant neoplasms’ and the pattern of inheritance of 
multiple malignancy syndromes, such as xeroderma pig- 
mentosum, an autosomal recessive, and basal cell nevus 
syndrome, an autosomal dominant,’ suggest the possi- 
bility of a genetic basis for the “cancer diathesis” in pa- 
tients with multiple primary malignant neoplasms. 

An attractive hypothesis to explain the development of 
multiple primary malignant neoplasms is depressed cellu- 
lar immunity, which has been related to an increased risk 
of malignant neoplasm in the congenital immunodefi- 
ciency diseases’ and in the iatrogenically immuno- 
suppressed transplant recipient." If multiple primary ma- 
lignant neoplasms develop because of depressed cellular 
immunity, it may be possible to establish a genetic basis 
for this since genetic control of the immune response in 
mice has been linked to the histocompatibility locus." 

To evaluate this hypothesis, cellular immunity and his- 
tocompatibility antigens were studied in patients with 
multiple primary malignant neoplasms. 


SUBJECTS AND METHODS 
Patients 


Forty-two patients with multiple primary malignant neoplasms 
were evaluated. Thirty-three (79%) had two primary malignant 
neoplasms, seven patients (17%) had three, and two patients (4%) 
had four (Table 1). The patients ranged in age from 35 to 94 years, 
with a mean of 68.2 years. There were 28% women and 15% blac}? 
patients. 

Nine of the patients received radiation therapy prior to being 
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Table 1.—Patients With Multiple Primary Malignant Neoplasms* 


No. of Primary Tumors and Site of Origin 


Pee as, eet a T Post- Fourth ` Post- 
tient First Primary treatment Second Primary treatment Primary treatment Primary treatment 
No. Tumor Interval Tumor Interval Tumor Interval Tumor { Interval 
1 ~~ Larynx:SCC 12 yr Lung:adenocarcinoma 3 yr 
2 ~~ Larynx:SCC 13 yr Lung:SCC Tumor present 
3  Larynx:SCC 18mo Lung:SCC Tumor present 
4  Lung:undifferentiated l yr Larynx:SCCİ Recurrence 
5  Larynx:SCC 2.5yr Esoph:SCC Tumor present 
6  Tonsil:SCC 18 yr Esoph:SCC Tumor present 
7  Lung:SCC lyr Lung:SCC 1 week 
8  Lung:SCC 5 yr Lung:SCC 1 week 
9  Lung:adenocarcinoma 3 yr Lung:adenocarcinoma Tumor present 
10  Breast:adenocarcinomat 6yr Breast:adenocarcinomat 6 yr 
11  Skin:Bowen disease 5 yr Skin:BCC 2 yr 
12 = Skin:BCC 3 yr Skin:Bowen disease 2.5 yr 
13 = Skin:BCC 12 yr Skin:Bowen disease 18 mo 
14  Skin:SCC 3 yr Skin:BCC 2 yr 
15 Skin:SCC . 5 yr Skin:BCC 2.5 yr 
16 Skin:BCC 8 yr Skin:SCC 4yr 
17 Lip:SCC 14yr  Skin:BCC 3 yr 
18 Skin:SCC 5 yr Lip:SCC 3 yr : 
19 Skin:melanoma lyr Skin:SCC 8 mo 
20 Colon:adenocarcinoma 3 yr Lung:SCC Tumor present 
21 ##Uterus:adenocarcinoma 3 yr Lung:undifferentiated Tumor present 
22 ~+=Breast:adenocarcinoma 9 yr Esoph:SCC 3 mo 
23 Breast:adenocarcinoma 5 yr Skin:BCC 6 mo 
24 #Skin:SCC 15 yr Larynx:SCC 6 mo 
25 Hodgkin disease 3 yr Lung:SCC Tumor present 
26 CLL 6yr Lung:adenocarcinoma 2 mo 
27  Skin:BCC 2yr Renal:adenocarcinoma Tumor present 
28 #Skin:BCC 2 yr Lung:adenocarcinoma Tumor present 
29 ~=s Skin: BCC 4yr Lung:adenocarcinoma 3 yr 
30  Skin:BCC 2yr Lung:adenocarcinoma 4 mo 
31 Skin:BCC 2 yr Lung:SCC 1 week 
32 Skin:BCC l yr Lung:SCC 2 weeks 
33 38 Skin:BCC 2 yr Lung:SCC 3 mo 
34 Tongue:SCC 3 yr Larynx:SCC 18 mo Esoph:SCC Tumor present 
35  Larynx:SCC 4yr Lung:SCC 3 yr Lung:SCC 2yr 
36 Colon:adenocarcinomat 6mo Colon:adenocarcinomat 6 mo Lung:oat 2 weeks 
37 Colon:adenocarcinomat 1 yr Rectum: Tumor present Lung:SCCt Tumor present 
adenocarcinomat 
38  Breast:adenocarcinoma 15 yr Skin:Bowen disease 2 yr Skin:BCC 6 mo 
39  Skin:SCC o 4yr — Skin:BCC 2 yr Skin:SCC lyr 
40 = Skin:BCG 3 yr Lung:SCCT 18 mo Lung:SCCt Tumor present 
41 Oral:SCCT 3 yr Colon:adenocarcinomat 3 yr Oral:SCC 2yr Salivary lyr 
42  Lung:SCC 8 yr Larynx:SCC 6 yr Skin:BCC 2 yr Lung:adeno- Tumor 


carcinoma present 


* Basal cell carcinoma, BBC; squamous cell carcinoma, SCC; chronic lymphocytic leukemia, CLL. 
t Simultaneous occurrence of tumors. 
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_ evaluated in this study. Three of those patients had no evidence of 


tumor at the time they were studied, while six had either a local- 
ized second primary tumor or a localized recurrence of the second 
primary tumor.-These nine patients were studied an average of 
1.9 years after radiation therapy, range 3 months to 6 years, with 
seven patientg being studied at least one year after therapy. 

Two patien had hemopoietic malignant neoplasms. One was in 
remission after chemotherapy for Hodgkin disease and the other 
had untreated chronic lymphocytic leukemia when the second pri- 
mary malignant neoplasms developed. Both of these patients were 
excluded from the cellular immunity testing but were included in 
the HL-A typing. 


Cellular Immunity 


Thymus-dependent lymphocytes (T cells) were determined by 
the formation of spontaneous rosettes of sheep erythrocytes about 
the patient’s separated peripheral blood lymphocytes. The tech- 
nique, employing pooled human AB serum to stabilize the ro- 
settes, and rosette counting at room temperature, has been de- 
scribed in detail elsewhere.'® The percent T cells is multiplied by 
the total leukocyte count and the percent lymphocytes in the dif- 
ferential, and then expressed as T cells per cubic millimeter. 

A control population of 182 whites, with no history of malignant 
neoplasms, was studied concurrently. 


HL-A Typing 


The human leukocyte antigens were determined by a micro- 


= cytotoxicity test previously described in detail." 


A control population of 184 whites, with no history of malignant 
neoplasms, was studied concurrently. 


RESULTS 


T cell levels in patients with multiple primary malig- 
nant neoplasms were depressed only in those patients who 
either had tumor present or had received previous radia- 
tion therapy. HL-A antigen frequencies in patients with 
multiple primary malignant neoplasms were not signifi- 
cantly different from the noncancer control population. 


Cellular Immunity 


The average T cell level per cubic millimeter for the en- 
tire group of multiple primary malignant neoplastic pa- 
tients is 1,230 + 92 (standard error of the mean), which is 
significantly lower than the control population (P <.007). 
However, when this group is divided into those patients 
who did or did not have previous radiation therapy, and 
each of these two groups is subdivided further into those 
with and those without tumor present, the T cell levels 
remain depressed only among those patients who had pre- 
vious radiation therapy and for those who have tumors 
present (Table 2). Those patients who had no previous ra- 
diation therapy and were either without tumor or with lo- 
calized, operable tumors had normal T cell levels (Table 2). 
There was a significantly lower T cell level among those 
patients without previous radiation therapy whose tumor 
was localized when compared to those without previous ra- 
diation therapy whose tumor stage was more advanced 
(P <.08). 


HL-A Typing 


The frequency of antigen W,., was significantly in- 
creased when compared to the control population 
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Table 2.—T Cell Levels in Patients 
With Multiple Primary Malignant Neoplasms 








T Cells, No. 
per Cubic 
Millimeter P 


1,510 + 37 





No. of 
Group Patients 


Controls 182 
Patients 




















Entire group 40 1,230 + 92 < .007 
No radiation therapy 
No tumor present 23 1,475 + 103 NS 
Tumor present 
Localized 4 1,446 + 226 NS 
Metastatic 4 618+ 154* <.0001 
Prior radiation therapy 
No tumor present 3 640 + 76 < .0001 
Localized tumor 6 855+240 <.007 










* Value is significantly lower than for localized tumor patients in 
nonirradiated group; P <.03. 













Table 3.—HL-A Typing in Patients 
With Multiple Primary Malignant Neoplasms 






Whites, % Positive 
Controls (184) 











Patients (31) 





HL-A Antigen 
A, 28 27 
40 
44 
10 
13 
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Was 6 18 
A; 12 23 
A; 32 27 





A, 15 17 

Wi, 11 3 
PE o T 
ze 


Multiple Primary Malignant Neoplasms/Dellon et al 





= 


(P <.015). When corrected by the number of specificities 
tésted for, however, this increase was no longer signifi- 
cant. No frequencies were significantly decreased (Table 
3). 


COMMENT 


This study demonstrates that a depressed T cell level 
probably is not the basis for the development of multiple 
primary malignant neoplasms. Although depressed cellu- 
lar immunity was found in patients with multiple primary 
malignant neoplasms, these patients had either previous 
radiation therapy or tumor present at the time they were 
evaluated. Since T cell levels are known to be depressed 
following radiation therapy for mammary” and head and 
neck cancer," and since T cell levels are known to be de- 
pressed in the presence of a wide variety of solid malig- 
nant neoplasms,'*:'® the observed T cell level depressions 
in these groups are probably best explained as secondary 
to tumor presence or immunologic burden. Most signifi- 
cant are the normal T cell levels observed for the groups of 
multiple primary malignant neoplastic patients who had 
neither previous radiation therapy nor tumor present. If 
depressed cellular immunity were the basis for developing 
multiple primary malignant neoplasms, we would have ex- 
pected the T cell levels to be depressed in these nonirra- 
diated, tumor-free patients. 

This study demonstrates, also, that patients with mul- 
tiple primary malignant neoplasms do not have an abnor- 
mal distribution of HL-A antigen frequencies. Although 
the HL-A antigen system is a genetic marker that has 
been associated with acute lymphocytic leukemia’ and 
Hodgkin disease,” it has not been associated with solid 
malignant neoplasms.: It perhaps is not surprising, then, 
not to find an association between multiple primary ma- 
lignant neoplasms and HL-A antigen frequencies. This 
study, of course, does not eliminate a possible genetic 
basis for multiple primary malignant neoplasms or a ge- 
netic predisposition or susceptibility to environmental 
carcinogens. | 

The histologic types and anatomic locations of the mul- 
tiple primary malignant neoplasms reported in this study 
and the time interval between the malignant neoplasms 
support the hypothesis that multiple primary malignant 
neoplasms develop in persons who live sufficiently long af- 
ter their exposure to carcinogens to develop a malignant 
neoplasm. A second malignant neoplasm developed in the 
same organ or tissue in 58% of multiple primary malig- 
nant neoplastic patients with two primary tumors, and in 
100% of those with more than two primary tumors (Table 
2). This finding supports the exhaustive study by Cook," 
which isolated 12 pairings of different primary tumors 
that occurred together more frequently than predicted by 
chance, eg, larynx/lung, tongue/esophagus, breast/ 
endometrium. This finding further supports common ex- 
posure to a carcinogen, eg, tobacco. Common exposure 
would explain the frequent lung/larynx/esophagus pair- 
ings noted in this study and by Brownson et al, who 
found related second primary tumors in 60% of their head 

` and neck cancer patients with multiple primary malig- 
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nant neoplasms. Exposure to a carcinogen would also ex- — 
plain the widespread carcinoma in situ “field” changes 
noted in esophageal carcinoma.” With the exception of _ 
the six multiple primary malignant neoplasms that oc- 
curred simultaneously, 94% of the second primary malig- + 
nant neoplasms occurred sufficiently long atterfrentment 44 
of the first malignant neoplasm so that the pffients could 
be considered cured of a first malignant neoplasm. All of 
the patients with three and four primary malignant neo- 
plasms developed the third primary malignant neoplasm 
sufficiently long after the second that they could be con- 
sidered cured of the second primary malignant neoplasm. 
This finding supports those of Polk et al, who found the 
incidence of multiple primary malignant neoplasm in- 
creases directly with the postoperative time interval their 
colon cancer patients were observed; 36% of their five-year 
survivors developed a second primary malignant neo- 
plasm. 

The best model to demonstrate the interaction of envi- 
ronmental carcinogens and longevity on the incidence of __ 
multiple primary malignant neoplasms is probably lung = 
cancer. Examination of the contralateral lung in autopsy —_ 
series of patients with bronchogenic carcinoma demon- _ 
strates an incidence of 80% in situ carcinoma and 12% inci- 
dence of invasive carcinoma,” suggesting common expo- 
sure of the entire bronchial tree to a carcinogen. Recently, 
Auerbach et al have related directly the histologic changes _ 
from basal cell hyperplasia through carcinoma in situ to 
the degree of the patient’s cigarette consumption. Mul- — 
tiple primary lung cancer, therefore, should be frequent. 
Yet, as reviewed by Merrick et al,” only five of more than 
5,000 patients with bronchogenic carcinoma developed a 


second primary lung cancer. This low incidence is related Die 
to the poor survival of lung cancer patients. When the in- A 
cidence of multiple primary lung cancer is determined in E 
30-month survivors of the first malignant neoplasm, it in- 


creases to 6.4%. The T cell levels of the four patients with 
multiple primary lung cancers reported in this study 
again emphasize that depressed cellular immunity is not 


the basis for the development of multiple primary malig- a 
nant neoplasm: patients 7 and 8 had low T eell levels pre- A 
operatively that increased into the normal range during 

the postoperative period; patient 9 had a normal T cell i 


level preoperatively (this is not unusual for patients with 
bronchogenic adenocarcinoma"); and patient 35 had a nor- a 
mal T cell level two years after his second bronchogenic ri 
squamous carcinoma. N 


R. J. Trapani, MD, Microbiological Associates, Bethesda, Md, assisted in s 
the HL-A typing. 7 
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Editorial Comment 


This is a study that needed to be done. What is striking on ex- 
amination of their tables is the nonrandom distribution of mul- 
tiple primary tumors. It would seem that the distribution of pri- 
mary tumors provides an argument for a breakdown of local 
immunity rather than systemic immunity, an area that ought to 
be examined. 


JEROME J. DECossE, MD 
Milwaukee 
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Operative Choice and Technique 
Following Pancreatic Injury 





John Anane-Sefah, MD; Lawrence W. Norton, MD; Ben Eiseman, MD 


During a five-year period, 50 patients were operated on for pancre- 
atic injury. Forty had open trauma and ten closed. Half of each group 
were treated by drainage alone. Overall mortality was 14%, with all 
deaths following open injuries due to gunshots. Deaths were more 
frequent after drainage than after resection. Substantial complica- 
tions occurred in 70%, with more frequent and more serious morbid- 
ity in drained patients. Sump drainage was associated with less mor- 
bidity than Penrose drainage. Guidelines for management of 
pancreatic trauma are (1) resection of sinistral gland for perforating 
injuries of the body or tail; (2) drainage of perforations of the pancre- 
atic head when the major duct is intact; (3) resection of duodenum 
and pancreatic head for devitalizing injury of both structures. 


Bu judgment and operative skill are required to 
achieve maximum benefit with minimum risk follow- 
ing pancreatic injury. Trade-off values in each direction 
are inordinately important. 

This is a review of treatment principles based on a five- 
year experience at the Denver General Hospital with 50 
patients who required laparotomy for pancreatic injury. It 
emphasizes the value of aggressiveness in managing seri- 
ous wounds of both proximal and distal segments of the 
pancreas. 


CLINICAL EXPERIENCE 


All patients requiring operative intervention for injury of the 
pancreas between July 1968 and July 1973 were reviewed. There 
were 50 such patients during the 60 months. Forty (80%) were 
penetrating wounds and ten (20%) followed blunt trauma. 

Of the 40 open wounds, 35 were gunshot wounds and five stab 
wounds. Stabbings gradually are decreasing in frequency, as gun- 
shot injuries increase in this hospital population. Average time in- 
terval between open injury and hospitalization in our Emergency 
Department was 28 minutes, an important factor in management 
of large vessel injuries and a tribute to Denver’s Emergency Med- 
ical System. 

Thirty-six of the 40 patients with penetrating injuries were 
male, with an average age of 35 years. Of the ten patients requir- 
ing operation for blunt trauma, nine were injured in vehicular ac- 
cidents. Average age of these patients was 37 years. 

Mean time between injury and beginning of laparotomy was 
one hour and 40 minutes. During this time the usual resuscitative 
routines, including roentgenographic and pyelographic studies, 
were performed. With our hospital practically on the edge of the 
Denver combat zone, we seldom resort to diagnostic angiography 


tn open or closed abdominal injuries. Experience dictates that far 


Accepted for publication Aug 8, 1974. 
From the Department of Surgery, Denver General Hospital and Univer- 
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more lives are saved by immediate laparotomy, salvaging many 


patients with major wounds of the aorta and vena cava who might 
otherwise bleed to death while obtaining the benefits of precise 


angiographic localization of their upper abdominal injury. At lap- | 


arotomy, the entire pancreas is visualized through the divided 
gastrocolic ligament and the lesser sac. 


Site of Injury 


Open Injuries.—The head of the pancreas was injured in 17 pa- 
tients (42%), the body in seven (18%), the tail in 12 (30%), and mul- 
tiple sites in four (10%). Types of injury are itemized according to 


site in Table 1. The gland was perforated, lacerated, or fractured _ 


in 85% of patients with open injuries. 





The majority of patients had substantial injuries of other or- 


gans, as shown in Table 2. Three quarters had hemorrhage from 
major (named) vessels, including the aorta and vena cava, at the © 


time of laparotomy. The liver was injured in 59%, the spleen in 
38%, and the stomach in 41%. Each of the pancreatic visceral 


neighbors, including kidney and spinal cord, were variously in- — 
volved. Forty-one percent of the open wounds penetrated the dia- 


phragm. 


Table 1.—Site and Type of Pancreatic Injury in 
50 Patients* 


Head Body Tail Multiple 


Contusion 2 2 2 0 
Perforation 15 5 10 4 
Contusion 1 0 0 1 
Perforation 2 2 3 1 


Open injuries 





Closed injuries 4 


* Majority of open (85%) and closed (80%) injuries involved 
perforation, laceration, or fracture of gland. 


Table 2.—Injuries Associated With Pancreatic Trauma* 


Pancreatic Injury, % 


Associated Injury Open Closed 
Major vessel 77 10 
Liver 59 
Stomach 41 
Diaphragm 41 
Spleen 38 
Small intestine 
Colon 
Duodenum 
Kidney/ureter 
Biliary tract 
Spinal cord 





* In majority of patients with either open or closed pancreatic in- 
jury, substantial injury of nearby abdominal structure occurred. 
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Table 3.—Operative Treatment of Pancreatic Injuries 
Site Drainage Resection 
Head 13 

Open injuries ta 

Multiple 

Head 

Body 

Tail 

Multiple 


Closed injuries 


Table 4.—Deaths Following Open Pancreatic Injury 


Cause of Death 

Sepsis 

Sepsis 

Sepsis 

Sepsis 

Sepsis 

Hemorrhage 
Respiratory distress 


Patient Site of Injury 
1 Head 
Head 
Head 
Head 


Operation 
Drainage 
Drainage 
Drainage 
Drainage 
Head Drainage 
Body and tail Resection 
Tail Resection 


Table 5.—Complications After Open Pancreatic Injury* 


Incidence, % 


Complication Overall After Drainage After Resection 
Sepsis 

Hemorrhage 

Fistula 

Pancreatitis 


Pseudocyst 





* Twenty-seven of 40 patients had serious morbidity following 
open pancreatic trauma. Incidence of such complications was quite 
similar in patients treated by resection and by drainage, although 
severity of sepsis was generally greater among the latter. 


Closed Injuries.—The head of the pancreas was the primary site 


= of injury in three patients. Seven others with closed pancreatic 


trauma had wounds of the body or tail (Table 1). The gland was 
fractured in eight patients and severely contused in two. Eight of 
the ten patients (80%) had injury to organs adjacent to the pan- 
creas (Table 2). The spleen was ruptured in five (50%) and the liver 
in four (40%). Only one patient had major vessel damage, in con- 
trast to the open injury group. 


Operative Treatment 


Open Injuries.-Among 40 patients with open pancreas trauma, 
20 were treated by drainage alone and 20 by resection and drain- 
age (Table 3). Six of the 20 (30%) patients who were drained had 
sump drains in place for seven to ten days. The others were 
drained with soft rubber (Penrose) drains that were removed be- 
tween ten and 14 days postoperatively. Drainage was used exclu- 
sively in managing 13 of 17 (76%) injuries of the head of the pan- 
creas and in only two of 12 (17%) injuries of the tail. Four (57%) 
wounds of the body were drained, and one of the four patients 
with multiple sites of damage had drainage alone. 

In 16 of the 20 resected patients, pancreas to the left of the por- 
tal vein was excised. The others had pancreaticoduodenectomy. 
Drainage after resection utilized sumps in seven. and Penrose 
drains alone in 13 patients. Ons LON: 
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Table 6.—Com plications After Closed Pancreatic Injury* 


Incidence, % 


Complication — Overall After Drainage After Resection 
Sepsis 80 20 
Pancreatitis 80 0 
Pseudocyst 0 
Fistula 

Hemorrhage 

Other 





* Eight of ten patients had substantial morbidity after closed pan- 
creatic injury. Incidence of sepsis, pancreatitis, and pseudocyst was 
greater after drainage than after resection. 


Closed Injuries.—An equal number of patients with blunt pancre- 
atic trauma were treated by drainage alone (five) and by resection 
(five) (Table 3). Drainage was the sole treatment in four of seven 
patients with mid- or distal pancreatic injury and in one of the 
three patients with closed injury of the head. Sump drains were 
used in all but one of the patients who were drained. Resection 
was used for distal disease in three and for injury of the head in 
two patients, each of whom underwent pancreaticoduodenectomy. 


Mortality 


Open Injuries.—Of the 40 patients with open injuries, seven died 
(mortality, 18%). All deaths followed gunshot wounds. Table 4 
summarizes details of the injuries that resulted in death and the 
operative techniques employed. Five deaths followed wounds of 
the head of the pancreas, all of which were drained. The other two 
deaths were from open injury to the body and tail, both of which 
were resected. The patient who died following resection of the 
body and tail of the pancreas had several other organs injured and 
did not die as a result of his pancreatic injury alone. The cause of 
death was sepsis in those who underwent only drainage. 

Closed Injuries.—Of ten patients operated on for blunt pancre- 
atic injury, none died postoperatively. 


Morbidity 


Only 17 (34%) of the entire group of 50 patients had a complica- 
tion-free hospital stay. 

Open Injuries.—Twenty-seven of the 40 patients had at least one 
major complication (morbidity, 68%) (Table 5). Sepsis was the 
most frequent complication (50%). One patient died suddenly of 
massive hemorrhage during the early postoperative period. Six 
others bled briefly from drain sites but required no transfusion. 
Pancreatitis was diagnosed in five patients, fistula in an equal 
number, and pseudocyst in two patients. Morbidity unrelated to 
the pancreas included delirium tremens (three) and wound dehis- 
cence (one). The incidence of complication was similar in patients 
who had undergone drainage and resection, although the severity 
of sepsis was generally greater among those who had only under- 
gone drainage. 

Closed Injuries.—Only two of ten (20%) patients with blunt pan- 
creatic trauma had no postoperative complication. Each of these 
two patients underwent resection of distal gland. Complications 
among both patients who had been resected and those who had 
been drained with closed wounds are listed in Table 6 and include, 
sepsis, pancreatitis, pseudocyst, phlebitis, and delirium tremens. 
One patient who had been drained required evacuation of a sub- 
phrenic abscess. 

Since operative treatment depends mainly on the extent an@ 


site of pancreatic injury, our clinical experience is analyzed ac- 


cordingly. Š 
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Fig 1.—Nine patients had open injury of head of pancreas without 
duodenal involvement. All underwent drainage and had postopera- 
tive complications; three died. 


Injuries of the Head 


Open.—Fifteen of the 17 open injuries to the head of the pan- 
creas were caused by gunshots. In 14 patients, either the aorta, 
vena cava, or superior mesenteric vessels were lacerated and in 12 
the liver was injured. The duodenum was damaged in eight pa- 
tients and the biliary tract in three. 

Open wounds of the pancreatic head were treated by drainage 
primarily (13) or by resection with drainage (four). Perforation of 
the head of the gland with associated injury of the duodenum was 
drained in four patients and resected by means of pancre- 
aticoduodenectomy in four others. All contusions, lacerations, and 
fractures of the head of the pancreas were drained with (two) or 
without (seven) tube duodenostomy. 

Results of‘drainage versus resection in open injuries of the head 
of the pancreas are shown in Fig 1 and 2. All resected patients 
survived with minimal morbidity and no long-term evidence of 
pancreatic endocrine or exocrine deficiency. By contrast, among 
the 13 patients considered to have less severe injury not requiring 
resection, mortality was 39% (five patients) and morbidity was 
100%, including pancreatic fistula and pseudocyst formation. 

Closed.—Three of ten patients with blunt abdominal trauma had 
injury of the head of the pancreas (Fig 3). In two, the second por- 
tion of the duodenum was virtually destroyed, necessitating pan- 
creaticoduodenectomy. The third had less severe damage to the 
pancreas and no duodenal wound. Treatment in this case was by 
drainage alone. 

All three patients gurvived closed injury to the pancreatic head. 
The patient who underwent drainage developed a pseudocyst that 
was drained internally four weeks after trauma surgery. He sub- 
sequently had transient leakage of pancreatic juice through the 
abdominal wound. 

«lt appears from this brief experience that closed injuries of the 
head of the gland are well treated by resection as opposed to 

- drainage. 
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Fig 2.—Among patients with combined open injury of duodenum 
and head of pancreas, four underwent drainage (two deaths) and 
four resection (no deaths). 


Injuries of the Body and Tail 


Open.—Figure 4 illustrates operative results in 23 patients who 
had open injuries of the body or tail. All of the pancreas to the left 
of the injury was resected in 16 patients. Of these, two died and 
four (25%) had major postoperative complications ascribable to 


the pancreatic injury. One death, however, was due primarily to © 


respiratory distress. The other, caused by massive hemorrhage 
within 24 hours, was attributable to resection. 
In contrast, seven patients with less severe penetrating injuries 


were treated by drainage only. None of these died, but all had a 


major complication ascribable to the pancreatic injury. 

This suggests that major penetrating injuries of the body and 
tail of the pancreas are best treated by resection and not by drain- 
age alone in terms of lessening postoperative morbidity. None of 
the patients resected to the left of the superior mesenteric vein 
had endocrine or exocrine pancreatic insufficiency. Nothing was 
lost by excising superfluous gland. On the other hand, failure to 
resect damaged pancreas led to serious complication im several 
patients. 

Closed.—There were seven patients with blunt injury of the 
body and tail of the pancreas. Of these, three were treated by re- 
section and four by drainage only. None of these patients died, 
but complications in patients who had undergone drainage were 
more frequent and severe than in those who had undergone 
resection (Fig 5). It appears, then, that injuries of the body and 
tail, whether from blunt or open injury, are best treated by sinis- 
tral resection. 


Overall Results 


Of 50 patients who underwent exploratory surgery for 
open or closed pancreatic injury, seven (14%) died postop- 
eratively and 35 (70%) developed major complications. 
Mortality was greater among patients treated by drain- 
age (20%) than among patients treated by resection (8%). 

ore patients treated by drainage (90%) had 
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Fig 3.—Three patients survived after blunt trauma to head of pan- 
creas. Associated duodenal injury in two necessitated pancre- 
aticoduodenectomy. 
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Fig 4.—Open injuries of body or tail of pancreas were treated by 
drainage alone in seven patients and by resection in 16. All patients 
treated by drainage had at least one major complication; two pa- 
tients treated by resection died. 


The morbidity after sump drainage (36%) was less than 
after Penrose drainage (64%) in those patients who were 
treated only by drainage. 


COMMENT 


The pancreas is anatomically well protected, as befits an 
organ whose juices are so corrosive. Unfortunately, it is 
surrounded in its retroperitoneal recess by organs of a vi- 
tal nature, such as the aorta, vena cava, bile duct, and spi- 
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Fig 5.—Of seven patients with closed injury of body and tail, three 
were treated by resection and four by drainage alone. Complications 
were more common among the latter. 


nal column. Frequently when the pancreas is injured, so 
too is a visceral neighbor. In such a crowded anatomic 
ghetto, the surgeon seldom finds an isolated injury of the 
pancreas and seldom can resect the gland without sacri- 
ficing or repairing some important adjacent structure. 
Pancreatic surgery is further complicated by the inordi- 
nately expensive endocrinologic cost of removing the 
whole pancreas. Finally, if pancreatic juice once gets loose 
in the peritoneal cavity following injury, complications 
such as abscess, fistula, and hemorrhage become dreadful 
possibilities. 

There is no wonder that surgeons plot an operative 
course that will minimize subsequent mortality and mor- 
bidity for a patient with open or closed pancreatic trauma. 
Despite such efforts, published mortalities range from 20% 
to 39%, and serious morbidity from 25% to 75%.'** 


Diagnosis of Pancreatic Injury 


We explore all penetrating wounds of the abdomen, not 
relying as do some*’ on the possibility of a fortuitously 
benign missile track. The philosophy to be adopted must 
take into account the nature of the practice and such fac- 
tors as the reliability of not being involved in another op- 
erative emergency when the signs of intraperitoneal vis- 
ceral damage declare themselves. 

Missiles entering the back are at least as dangerous as 
are those entering anteriorly, a dictum well known by sur- 
geons dealing with war injuries* but often forgotten by 
those not practicing in high-volume trauma centers. The 
pancreas tucked in the retroperitonea? space is partic- 
ularly vulnerable to penetrating injuries ‘from the flanks 

Following blunt trauma, the diagnosis of pancreatic in- 
jury occasionally will depend on serum or peritoneal fluid 
amylase concentrations. Recently we observed a patient 
in whom the only signal for laparotomy following blunt 
trauma from an automobile accident was an abrupt rise in 
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Fig 6.—Decisions in operative management of open or closed 
pancreatic trauma are based on site and type of injury. Generally, 
resection is advised for injuries to left of portal vein and drainage 


the serum amylase level. Results of diagnostic paracen- 
tesis were normal. The abdomen was soft, except for 
slight tenderness along the area of the abdomen covered 
by the seat belt. At laparotomy the pancreas was com- 
pletely transected over the vertebra. The posterior peri- 
toneum was intact, explaining the paucity of intraperito- 
neal signs. 

Possible pancreatic (and duodenal) injury is but one of 
several reasons why a posttraumatic retroperitoneal 
hematoma should be explored. Bile staining, the telltale 
signal of duodenal or biliary tract rupture, is easy to pick 
up in the early hours of postinjury, but may be masked by 
clotted blood or pus thereafter. Delay in diagnosing both 
pancreatic and duodenal perforation increases mortality 
astonishingly.” 


Assessment of Pancreatic Injury 


e Because simple pancreatic contusion can be left unmo- 
lested (or at most be provided with an adjacent drain site 
through the flank), the surgeon’s first duty is to assess the 
severity of the pancreatic lesion. This is a judgment call, 
unless there is obvious major duct interruption. Seldom is 
there need to resort to operative pancreatography in the 
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Contusion 


Perforation 


Transection 


Perforation 
Duct Intact 


Perforation 
Duct Destroyed 


Destroyed 


Perforation 
Duct Intact 


Duodenum Damaged 
Duct Intact 


Duodenum and Pancreas 
Destroyed 


Resect 


Resect 


Debride and Drain 


Child Procedure 
Drain Body Into Roux-en-Y 


Whipple Procedure 
Roux-en-Y Drainage 


Duodenostomy 


Diverticulize 
Duodenum 


Whipple Procedure 





for those to right, except when duodenum or pancreatic head are se- 
verely damaged. 


presence of acute injury to settle the issue. If the injury is 
in the body or tail and is sufficiently deep to raise the pos- 
sibility of ductal damage, the sinistral gland should be re- 
sected. If there is only superficial contusion, the injury can 
be ignored or drained through the flank for a few days. 
The occasional cutaneous fistula following such injury will 
close spontaneously if there is no proximal duct obstruc- 
tion. 


Midpancreas Injury Over the Vertebra 


When pinched between a seat belt and the vertebral col- 
umn, the pancreas can be totally severed, leaving good 
gland both to the right and to the left. Often there is an 
associated duodenal or jejunal blowout. Operative options 
are (1) resection of the gland to the left of the injury; (2) 
implantation of the duct of the left-hand remnant into a 
loop of gut; or (3) reanastomosis of the pancreatic duct. 
The lattermost has nothing to recommend it. It is difficult 
in a small-caliber, normal-size duct; it is needless because 
of the reserve function of the intact head; and it is hazard- 
ous because of danger of postoperative extravasation of 
pancreatic juice. With little detriment and maximum ben- 
efit, resection of the body and tail is the preferred tech- 
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nique, relying on the remaining head for both endocrine 
and exocrine support. 


a‘ Head Injury Alone 


A simple drill-hole, low-velocity missile perforation of 


4 _ the pancreatic head without adjacent organ damage can 
be treated 
_ the pancreatic duct is not involved. There may very likely 
be drainage of pancreatic juice for days or even weeks, 
but if there is not proximal obstruction it will cease. 


conservative debridement and drainage if 


Rarely, the patient will return with recurrent discomfort 
weeks or months later. When the drainage tract is re- 


_ opened, pancreatic fluid pours out. If a pancreaticogram or 


visualization of the pancreatic duct through a duodeno- 
scope shows no obstruction proximal to the fistula, the 
drainage tract will close, even though the patient and sur- 
geon may endure three or more recurrences of premature 
closure. If serious obstruction proximal to the fistula per- 


-~ sists beyond the period of acute edema, then resection and 
reimplantation must be considered, but not before a long 
_ trial of conservative therapy. 


Our clinical experience dramatizes the unfortunate de- 
gree of morbidity that follows simple drainage treatment 
for perforating injuries of the head of the pancreas. This 


- complication rate is somewhat balanced by the advan- 
_ tages of preserving duodenum and pancreas. Perhaps 
- more attention should be given to resection of the head 


with preservation of duodenum and distal pancreas im- 


__ plantation into jejunum in such patients. 


Smashed Pancreatic Head 


When the pancreatic head is widely macerated by either 
blunt or penetrating trauma, there is, of course, no re- 
course but to resect. Our experience, however, dictates 


i = conservatism in interpreting the severity of such damage. 


If resection is required, decision evolves to either (1) leav- 
ing the duodenal vasculature and the duodenum as in a 
Child operation or (2) resecting the duodenum as in a 
Whipple procedure. In either case, the pancreatic body 
and tail, if intact, should be implanted into a loop of jeju- 


num. In normal pancreas the duct is small and a mucosa- 


to-mucosa anastomosis is difficult. The head of the gland 


_ should simply be invaginated into an open limb of gut. 


Pancreatic Head Plus Duodenum 


Severe damage to the pancreatic head, whether by blunt 
or penetrating trauma, often involves the duodenum or 


- the common bile duct or both. When the duodenum cannot 


function as an intestinal or biliary conduit, it obviously 


-= should be resected in the manner of pancreaticoduoden- 


ectomy. We treated three patients during the past 24 


= months who had bullet wounds of the duodenum where 


closure over a duodenostomy tube permitted preservation 
of the duodenum. If, after closing the debrided duodenum, 


_ it seems hopelessly narrow for transport of stomach con- 
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l 
tents, the stump can be turned in and a gastrojejunos- 
tomy performed. Berne et al'° have termed this “diver-~ 
ticularization” of the injured duodenum. 

If the common duct is crushed or severed simultaneous 
with the pancreatic injury, it should be replanted into the 
duodenum or jejunum. This was performed without inci- 
dent in one of the cases in this series along with repair of 
the perforated vena cava and closure of holes in the duode- 
num, stomach, and colon. 

As thus didactically stated, our operative philosophy can 
be summarized as being extirpatively radical to the left of 
the superior mesenteric vein but more conservative in 
management of injuries to the pancreatic head and duode- 
num. This approach is illustrated in the form of a decision 
tree in Fig 6. 


Drainage Method 


Anderson et al,'' Stone et al,'* and Baker et al" report 
that the use of combined sump drainage and Penrose 
drainage is clearly superior to Penrose drainage alone in 
decreasing postoperative complications of pancreatic in- 
jury. Our experience confirms this, and we recommend 
that sumps placed through flank incisions be used along 
with Penrose drains in both open and closed trauma. A 
soft sump drain is maintained for at least one week, while 
rubber drains remain until ten to 14 days postoperation. 


This investigation was supported by National Institutes of Health grant 
GM20309. . 


References 


1. Fogelman MJ, Robinson LJ: Wounds of the pancreas. Am J 
Surg 101:698-706, 1961. 

2. Wilson RG, Tagett JP, Pucelik JP, et al: Pancreatic trauma. 
J Trauma 7:648-651, 1967. 

3. Werschky LR, Jordan GL Jr: Surgical management of trau- 
matic injury to the pancreas. Am J Surg 116:768-772, 1968. 

4. Anderson CB, Weisz D, Rodger MR, et al: Combined pancre- 
aticoduodenal trauma. Am J Surg 125:530-534, 1973. 

5. Mason JH: The expectant management of abdominal stab 
wounds. J Trauma 4:210-218, 1964. 

6. Wilder JR, Habermann ER, Schachmer SJ: Selective surgical 
in lata for stab wounds of the abdomen. Surgery 61:231-235, 


7. Ryzoff RI, Shaftan GW, Herbsman H: Selective conservatism 
in penetrating abdominal trauma. Surgery 59:650-653, 1966. 

8. Poole HL: Wounds of the pancreas (62 casualties), in Coates 
JB Jr (ed): Surgery in World War II. US Army Medical Depart- 
ment, 1955, vol 11, pp 285-290. 

9. Jones RC, Shires GT: The management of pancreatic in- 
juries. Arch Surg 90:502-508, 1965. 

10. Berne CJ, Donovan AJ, White EJ, et al: Duodenal “diver- 
ticulization” for duodenal and pancreatic injuries. Am J Surg 
127:503-507, 1974. | 

11. Anderson CB, Connors JP, Mejia DC, et al: Drainage meth- 
ods in treatment of pancreatic injuries. Surg Gynecol Obstet 
138:587-590, 1974. 

12. Stone HH, Stowers KB, Shippey SH: Iajuries to the pan- 
creas. Arch Surg 85:525-530, 1962. 

13. Baker RJ, Dippel WF, Freeark RJ, et al: The surgical nign) 2 
icance of trauma to the pancreas. Arch Surg 86:1038-1044, 1963. 


Pancreatic Injury/Anane-Sefah et al 


(Multi-Vitamin Infusion) 


short term or long term 


Amore comprehensive parenteral 
vitamin formula because... 


M.V.I. includes not only the B complex* and C 
vitamins but also the fat-soluble vitamins A, 


® D and E—water solubilized for faster, 
AAYA more complete absorption. 
A Lh 


[Multi-Vitamin 


Infusion] 


Each 10 cc. ampult or 5§ cc. Concentrate vialł provides: 

Ascorbic acid (C) 500 mg. 

Vitamin A** 10,000 I.U. 

Vitamin D** (ergocalciferol) 

Thiamine HCI (B,) 

Riboflavin (B2)# .. 

Pyridoxine HCI (Bx) 

Niacinamide 

Dexpanthenol .... 

Vitamin E** (dl-alpha tocopheryl acetate) 
tWith sorethytan laurate 1% , sodium hydroxide 1%; and gentisic 

acid ethanolamide 2% as preservative. 

tWith propylene glycol 30% as stabilizer and preservative, sodium 

hydroxide for pH adjustment, and sorethytan laurate 1.6%; in Con- 

centrate as riboflavin-5-phosphate. 
**Oil-soluble vitamins A, D and E water solubilized with sorethytan 

laurate; covered by U.S. Patent No. 2,417,299. 

BRIEF SUMMARY 
INDICATIONS: in emergency feedings — Surgery, extensive burns, frac- 

tures and other trauma, severe infectious diseases, comatose states, etc. may 

provoke a “stress” situation with profound alterations in the body’s metabolic 

demands and consequent tissue depletion of nutrients. As a result, wound healing 

may be impaired, enzyme activity disturbed, hematopoietic tissues affected; hypo- 

proteinemia and edema may appear; convalescence is thus prolonged. 
In such patients M.V.I. (administered in intravenous fluids under proper dilution) contributes 

optimum vitamin intake toward maintaining the body’s normal resistance and repair processes. 

DIRECTIONS FOR USE: M.V.I. is ready for immediate use when added to intravenous infusion fluids. 

For intravenous feeding, one daily dose of 10 cc. of M.V.I. or 5 cc. of M.V.I. Concentrate added directly to not less than 
500 cc., preferably 1,000 cc., of intravenous dextrose, saline or similar infusion solutions . . . plasma, protein 
hydrolysates, etc. 

PRECAUTION: Allergic reaction has been known to occur following intravenous administration of solutions contain- 
ing thiamine. 

CAUTION: Not to be given as a direct undiluted intravenous injection as it may give rise to dizziness, faintness, etc. 
THERAPEUTIC NOTE: Intravenous use should be discontinued as early as practical in favor of an intramuscular or oral 
vitamin preparation, if deemed advisable. 

HOW SUPPLIED: M.V.I. — 10 cc. ampuls, boxes of 25 and 100. * M.V.I. formula contains vitamins Bi, Bz, 


M.V.1. CONCENTRATE — 5 cc. vials, boxes of 25. Available in 100’s only. ek A E o ies ace S 


be optional additions to parenteral nutrition 
programs utilizing M.V.I. 
USV PHARMACEUTICAL CORP., Tuckahoe, N.Y. 10707 








In 16 years of use in the United States, ` 
FLUOTHANE (halothane) has been ad- 
ministered over 100 million times in a wide ~ 
variety of surgical procedures. 100 million 
.. extensive usage and evaluation that 
attests to FLUOTHANE as the most widely | 
used inhalant anesthetic. ; 

Since it was first introduced, over 
4,000 papers worldwide have been pub- 
lished, ranging from review articles to 
in-depth studies. 4,000 papers... 

a bibliographic record of note on the most 
widely used inhalant anesthetic. 

Ina continuing program of informa- 
tional services on anesthesiology, Ayerst 
provides printed and audiovisual aids 
reflecting the opinions and experiences of 
recognized authorities in the field. These 
include the highly regarded series on 
Anesthesia Rounds and Clinical Aspects of 
Anesthesiology, as well as several films of 
educational value—all available through 


FLUOTHANE coacotHane) 
„OVER 100 MILLION 
ADMINISTRATIONS 


è nonflammable, nonexplosive 

@ permits use of high concentrations of 
oxygen 

@ allows free use of cautery for more 
adequate control of bleeding 

è minimal odor facilitates smooth, rapid 
induction, reduces patient distress 


è early obtundation of pharyngeal and 
laryngeal reflexes facilitates intubation 
@ lessens airway problems 











$ : è permits rapid adjustment of depth of 
anesthesia 
e emergence is rapid and tranquil with 
° quick recovery of protective reflexes 
S AETR è minimal nausea and vomiting, shorter 


recovery room stay 
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-FLUOTHANE 


. brand of halothane 


the most widely used 
inhalant anesthetic 


from 


for precision, experience, 
quality, and service 


(Complete text of package circular.) 

Description. FLUOTHANE, brand of halo- 
thane, is an inhalation anesthetic. It is 
2-bromo-2-chloro-1, 1, 1-trifluoroethane 
and has the following structural formula: 
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The specific gravity is 1.872-1.877 at 
20° C., and the boiling point (range) is 
49° C.-51° C. at 760 mm. Hg. The vapor 
pressure is 243 mm. Hg at 20° C. The 
blood/ gas coefficient is 2.5 at 37° C., and 
the olive oil/water coefficient is 220 at 
37° C. Vapor concentrations within anes- 
thetic range are nonirritating and have a 
pleasant odor. FLUOTHANE is nonflam- 
mable, and its vapors mixed with oxygen 


in proportions from 0.5 to 50 per cent 
(v/v) are not explosive. 


FLUOTHANE does not decompose in 
contact with warm soda lime. When mois- 
ture is present, the vapor attacks alumi- 
num, brass, and lead, but not copper. 
FLUOTHANE is soluble in rubber, some 


= plastics, and similar materials; such ma- 


terials will deteriorate rapidly in contact 
with FLUOTHANE vapor or liquid. Stabil- 
ity of FLUOTHANE is maintained by the 
addition of 0.01 per cent thymol (w/w), 


= and storage is in amber colored bottles. 


FLUOTHANE should not be kept indefi- 


= nitely in vaporizing bottles not specifically 
- designed for its use. It is recommended 


that vaporizers be emptied at the end of 
each operating day. Thymol does not vol- 
atilize along with FLUOTHANE, and there- 
fore accumulates in the vaporizer, and 
may, in time, impart a yellow color to the 
remaining liquid cr to wicks in vaporizers. 
The development of such discoloration 
may be used as an indicator that the va- 
porizer should be drained and cleaned, 
and the discolored FLUOTHANE (halo- 
thane) discarded. Accumulation of thy- 
mol may be removed by washing with 
diethyl ether. After cleaning a wick or 
vaporizer, make certain all the diethyl 
ether has been removed before reusing 
the equipment to avoid introducing ether 
into the system. 

Actions. FLUOTHANE is an inhalation 
anesthetic. Induction and recovery are 
rapid and depth of anesthesia can be 


. 
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rapidly altered. FLUOTHANE progres- 
Sively depresses respiration. There may 
be tachypnea with reduced tidal volume 
and alveolar ventilation. FLUOTHANE is 
not an irritant to the respiratory tract, 
and no increase in salivary or bronchial 
secretions ordinarily occurs. Pharyngeal 
and laryngeal reflexes are rapidly ob- 
tunded. It causes bronchodilation. Hy- 
poxia, acidosis, or apnea may develop 
during deep anesthesia. 

FLUOTHANE reduces the blood pres- 
sure, and frequently decreases the pulse 
rate. The greater the concentration of the 
drug, the more evident these changes 
become. Atropine may reverse the brady- 
cardia. FLUOTHANE does not cause the 
release of catecholamines from adrener- 
gic stores. FLUOTHANE also causes dila- 
tion of the vessels of the skin and skeletal 
muscles. 

Cardiac arrhythmias may occur during 
FLUOTHANE anesthesia. These include 
nodal rhythm, AV dissociation, ventricular 
extrasystoles and asystole. FLUOTHANE 
sensitizes the myocardial conduction sys- 
tem to the action of epinephrine and 
norepinephrine, and the combination 
may cause serious cardiac arrhythmias. 
FLUOTHANE increases cerebral spinal 
fluid pressure. FLUOTHANE produces 
moderate muscular relaxation. Muscle 
relaxants are used as adjuncts in order to 
maintain lighter levels of anesthesia. 
FLUOTHANE augments the action of non- 
depolarizing relaxants and ganglionic 
blocking agents: FLUOTHANE is a potent 
uterine relaxant. 

Indications. FLUOTHANE (halothane) is 
indicated for the induction and mainte- 
nance of general anesthesia. 
Contraindications. FLUOTHANE should 
be avoided when a previous exposure was 
followed by fever and jaundice, or when 
there was an unexplained postoperative 
fever. 

FLUOTHANE is not recommended for 

obstetrical anesthesia except when uter- 
ine relaxation is required. 
Warnings. FLUOTHANE should be used in 
vaporizers that permit a reasonable ap- 
proximation of output, and preferably of 
the calibrated type. The vaporizer should 
be placed out of circuit in closed circuit 
rebreathing systems; otherwise overdos- 
age is difficult to avoid. The patient 
should be closely observed for signs of 
overdosage, /.e., depression of blood pres- 
Sure, pulse rate, and ventilation, particu- 
larly during assisted or controlled ventila- 
tion. 

Usage in Pregnancy: Safe use of 
FLUOTHANE has not been established 
with respect to possible adverse effects 
upon fetal development. Therefore, 
FLUOTHANE should not be used in 
women where pregnancy is possible and 
particularly during early pregnancy, un- 
less, in the judgment of the physician, 
the potential benefits outweigh the un- 
known hazards to the fetus. 
Precautions. Cirrhosis or other abnormal- 
ities involving liver dysfunction, including 
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a history of viral hepatitis, may be a 


basis for selecting an anesthetic other 
than a halogenated agent. 





The uterine relaxation obtained with 
FLUOTHANE, unless carefully controlled, 
may fail to respond to ergot derivatives 
and oxytocic posterior pituitary extract. 

FLUOTHANE increases cerebrospinal 
fluid pressure. Therefore, in patients with 
markedly raised intracranial pressure, if 
FLUOTHANE is indicated, administration 
should be preceded by measures ordin- 
arily used to reduce cerebrospinal fluid 
pressure. Ventilation should be carefully 
assessed, and it may be necessary to as- 
sist or control ventilation to insure ade- 
quate oxygenation and carbon dioxide 
removal. 

Epinephrine or norepinephrine should 
be employed cautiously, if at all, during 
FLUOTHANE (halothane) anesthesiasince 
their simultaneous use may induce ven- 
tricular tachycardia or fibrillation. 

Nondepolarizing relaxants and gangli- 
onic blocking agents should be adminis- 
tered cautiously, since their actions are 
augmented by FLUOTHANE. 

Adverse Reactions. The following adverse 
reactions have been reported: hepatic 
necrosis, cardiac arrest, hypotension, 
respiratory arrest, cardiac arrhythmias, 
hyperpyrexia, shivering, nausea, and 
emesis. 

Dosage and Administration. FLUOTHANE 
may be administered by the nonrebreath- 
ing technic, partial rebreathing, or closed 
technic. The induction dose varies from 
patient to patient. The maintenance dose 
varies from 0.5 per cent to 1.5 per cent. 
How Supplied. No. 3125—Unit packages 
of 125 cc. and 250 cc. of halothane sta- 
bilized with 0.01% thymol (w/w). 
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Ayerst. New York, N.Y. 10017 


FLUOTHANE® (halothane) is available 
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Reducing Venous Stasis 


A Study of Lower Extremities During Inactive Recumbency 


Bernard Sigel, MD; Annette L. Edelstein; Lane Savitch; 
James H. Hasty, PhD; W. Robert Felix, Jr., MD 


Determination of the optimal compression to reduce venous stasis 
was studied in terms of the amount of pressure and manner of appli- 
cation (graded or uniform pressure). Both lower extremities of seven 
inactive recumbent subjects were tested using transcutaneous Dop- 
pler ultrasonic measurement of femoral vein blood flow velocity. Op- 
timal compression was defined as the externally applied pressure 
that produced the greatest increase in femoral vein flow velocity con- 
sistent with safety and the practicality of hospital use of elastic 
stockings. Optimal compression for elastic stockings to be used by 
hospitalized patients who spend substantial time in bed should be 18 
to 8 mm Hg (ankle to midthigh). At this compression, average fem- 
oral vein blood flow velocity is increased to 138.4% of base line. 
Gradient compression at this level was found to produce a greater 
femoral vein flow velocity than the same amount of compression dis- 
tributed uniformly over the lower extremity. 


W° have previously reported evidence that elastic 
stocking compression during inactive recumbency 
produced an increased venous flow velocity and decreased 
venous pooling in lower extremities.’ An important con- 
sideration in applying this to the prophylaxis of venous 
thrombosis in bedridden inactive patients is the manner 
in which compression should be applied. Specifically, we 
were interested in determining how much compression 
should be exerted by elastic stockings and whether com- 
pression should be applied as a gradient or uniformly to 
the lower extremity. 


The importance ôf the degree of pressure to be exerted 
e 2 
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by compression is emphasized by the recent reports in the 
literature that indicate that, with progressive increases in 
compression, there is a diminution of circulation im lower 
limbs.** The clinical hazards for this are obvious, partic- 
ularly in patients with preexisting arterial or venous dis- 
ease. 

In order to determine what might be the optimal com- 
pression levels for elastic stockings, we conducted a series 
of experiments in which body position resembled that of 
inactive bedridden patients in hospital. We defined opti- 
mal compression as the amount of externally applied pres- 
sure that produced the greatest increase in femoral vein 
flow velocity consistent with safety and the practicality of 
hospital use of elastic stockings. In terms of safety, opti- 
mal compression would be considered not only by its rela- 
tion to maximum femoral vein velocity but also by its re- 
lation to decreasing velocity seen with increasing levels of 
external compression. 

Our approach first was to determine optimal pressure 
using gradient compression. Then, we compared the effect 
of this gradient compression to the same average amount 
of compression distributed uniformly over the lower ex- 
tremity. 


METHOD 


Human volunteers, fully informed in respect to the purpose and 
methods of the experiments, were the subjects. There were five 
women and two men, 22 to 60 years of age. All subjects were con- 
sidered to have normal venous systems, except one with a history 
of thrombophlebitis. 

All subjects were placed supine on an examining table that 
could be tilted to a foot-down position. Common femoral vein flow 
velocity in a lower extremity to be compressed was measured 
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transcutaneously by Doppler ultrasound blood flow velocity de- 
tectors using the same technique as described in our previous re- 
port. Respiratory excursions were measured by a mercury-in- 
rubber strain gauge applied to the chest. 

The device to compress the lower extremity was a five-cham- 
bered vinyl pneumatic sleeve. This sleeve extended from the ankle 
to the midthigh, and pressure within each chamber could be indi- 
vidually regulated. When in place, the five chambers encased the 
following regions of the lower extremity: ankle, calf, popliteal re- 
gion, lower part of the thigh, and midthigh. 

Following application of transducers, base line recordings of 
flow and respiration were made with the subject at tilt 0 degrees 
(parallel to floor). 


Analysis of Gradient Compression Experiment 


Six subjects were studied according to the protocol outlined in 
Table 1. 

The three compression levels used were selected on the basis of 
ranges employed by commercial producers of elastic stockings in- 
tended for hospital use. In the first five of the 12 tests, we used a 
total of six compression levels. The additional levels were 14 to 2, 
22 to 8, and 30 to 12 mm Hg. We abandoned the first two levels be- 
cause the intermediate levels appeared to provide adequate data 
and we were interested in shortening the test to make the subjects 
more comfortable. We abandoned the 30 to 12 mm Hg gradient be- 
cause of possible adverse effects observed (see “Results” section). 

The amount of compression is expressed as the amount of pres- 
sure in each of the five chambers of the vinyl pneumatic sleeve. 
The first and highest values are for the ankle. The remaining 
pressures are in sequence for the calf, popliteal, lower part of the 
thigh, and midthigh. The average pressure of compression was de- 
rived by considering the proportion of surface area of the lower 
extremity covered by each chamber of the pneumatic sleeve. Fig- 
ure 1 is a schematic representation of the experimental system 
employed. 7 

Because of the tilting, problems were often encountered with 
displacement of the femoral vein transducer. In these instances, 
there was a noticeable diminution of the signal and failure to at- 
tain the same level of recording when the subject was returned to 
the horizontal position. Experience with externally measured fem- 
oral vein flow velocity using ultrasound has shown that in subjects 
undergoing no change in body position, the ultrasound signal at 
up to three hours was within 15% of the original base line levels.’ 
Therefore, in the present experiments if the restored first base 
line was more than 15% below the original signal, we assumed that 
the transducer had become displaced and considered the data in- 
valid. 

During down-tilt, the subject placed the foot not being com- 
pressed against a board. Thus, the extremity being examined was 
non-weight bearing. For each subject, valid experiments were ob- 
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Fig 1.—Experimental system. Each pneumatic chamber is moni- 
tored independently. 


tained on the right and left extremities (total of 12 studies). 


Gradient Versus 
Uniform Compression Experiment 


A second experiment was conducted in four subjects to evaluate 
the effectiveness of utilizing a gradient of pressures in the five 
chambers of the sleeve as compared to applying the same pressure 
(as determined by averaging the gradient of pressures based on 
the surface area covered by each chamber of the gradient) in all of 
the five chambers of the pneumatic sleeve. The experimental 
protocol followed was the same as that described previously with 
the exception that only two compression procedures were em- 
ployed. After base line recording, a uniform pressure of 11 mm 
Hg was applied to all levels of the lower extremity. This was fol- 
lowed by a pressure gradient of 18 to 8 mm Hg. 


RESULTS 


The level of femoral vein flow velocity during the last 
five minutes of each pressure period was averaged. The 
average for that period represents the flow measurement 
used in analysis. All flow velocity expressions are in terms 
of a reference base line that is normalized or considered as 
100%. 

There was great variability in the responses to compres- 


Table 1.—Protocol for Performing Gradient Compression Experiment 


Period 
First base line 
Second base line 
Compression 1 
Compression 2 
Compression 3 
Second base line restored 
First base line restored 


Position of Subject 
Horizontal 

15° foot-down tilt 
15° foot-down tilt 
15° foot-down tilt 
15° foot-down tilt 
15° foot-down tilt 
Horizontal 
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Amount of Compression, mm Hg 


Gradient 
Pressure 


None 

None 

10, 6, 4, 4, 2 
18, 14, 8, 10, 8 
26, 22, 14, 16, 12 
None 
None 


Duration, 
min 


Average 
Pressure 
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Fig 2.—Femoral vein flow velocity in response to varying graded 
compression in subject 2. Note that right leg compression pressure 
greater than 18 to 8 mm Hg produced decrease in femoral vein flow 


sion between the tests. This variability was observed not 
only between subjects, but also between right and left 
legs of the same subject. As a consequence, we used geo- 
metric means to average our results in order to reduce the 
effect of higher percentage increases. For purposes of the 
statistical analysis, it appeared appropriate to consider 
subjects rather than extremities. Consequently, a geomet- 
ric mean of the changes seen for the right and left side for 
each subject is present. In determining change due to 
compression, all values are expressed in terms of the sec- 
ond or foot-down tilt base line, which represents 100%. 


Analysis of Gradient Compression Experiment 


‘Table 2 shows the results of the 12 experiments in the 
_ six subjects. Fifteen degree foot-down tilt produced a de- 
crease in blood flow velocity to 61.38% of the first or hori- 
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velocity. In left leg, gradient compression of 30 to 12 mm Hg pro- 
duced decline in flow velocity. 


zontal base line. In terms of the foot-down tilt base line, 
the first compression was associated with a slight increase 
in flow velocity (108.4%). The second compression produced 
a further increase (138.4%). Third compression produced 
an average increase that was greater than that during 
second compression (151.7%). However, in subject 2 (right 
leg), femoral vein flow velocity was less than that during 
second compression, although it was increased over base 
line (Fig 2). In this same subject, during testing on the 
left leg, we used a compression gradient of 30, 26, 14, 16, 
and 12 mm Hg. This was early in our experience, and we 
routinely used this compression pressure in all experi- 
ments to this point. At this level, we observed a decrease 
in venous flow velocity, although velocity was still above 
base line. Because of these experiences with this subject, 
we abandoned the 30 to 12 mm Hg compression level. 
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273 62:1 
81.0 71.4 
6 60.9 66.7 


Geometric 
mean (Mg) 





61.3 108.4 
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Table 2.—Changes in Femoral Vein Flow Velocity With Compression 


2 34.3 64.3 47.0 116.7 88.9 101.9 350.0 122.2 206.8 141.7 144.4 143.0 266.7 

3 69.2 90.0 78.9 100.0 122.2 110.5 100.0 188.9 137.4 122.2 244.4 172.8 100.0 111.1 105.4 131.0 140.0 135.4 
4 

5 


138.4 





ye A 
i a 








e Base Line 2/ First Second Third Restored Restored 
Subject Base Line 1, % Compression, %* Compression, %* Compression, %* Base Line 2, % f Base Line 1, %t 
No. R L Mg R L Mg R L Mg R L Mg R L Mg R L Mg 
i. 64.7 80.0 71.9 90.9 91.7 91.3 118.2 100.0 108.7 127.3 125.0 126.1 90.9 66.7 77.9 94.1 146.7 117.5 


266.7 102.9 114.0 108.3 


41.2 150.0 138.9 144.3 216.7 155.6 183.6 283.3 200.0 238.0 150.0 150.0 150.0 90.9 331.0 173.5 
76.0 111.8 100.0 105.7 117.7 95.0 105.7 129.4 90.0 107.9 111.8 75.0 91.6 105.0 103.6 104.3 
63.7 107.1 100.0 103.5 114.3 120.0 117.1 128.6 180.0 152.1 135.7 100.0 116.5 143.5 100.0 119.8 


151.7 123.3 124.6 














* Percent is calculated in terms of second base line (15° foot-down tilt). 


t Percent is calculated in terms of initial value for each base line. 


Table 3.—Femoral Vein Flow Velocity With Uniform and Gradient Compression 


Uniform 
Compression, %* 


Base Line 2/ 

Base Line 1, % 

oo SS ET CS a 
No. R L Mg R L Mg R 
53.8 65.6 108.3 92.9 100.3 
67.9 62.3 95.0 94.7 94.9 
81.8 75.0 100.0 100.0 100.0 
53.3 51.6 109.1 218.8 154.5 


1 80.0 
4 57.1 
5 68.8 
7 50.0 


Geometric 
mean (Mg) 


63.1 110.1 


Gradient 
Compression, %* 


116.7 
120.0 
181.8 
118.2 243.8 





Restored 
Base Line 2, % t 


Restored 
Base Line 1, %t 


————— 
L Mg R L Mg R L Mg 


100.0 
115.8 
138.9 


108.0 
117.9 
158.9 
169.8 


100.0 
115.0 
118.2 
136.4 


92.9 
105.3 
rei.) 
118.8 


96.4 
110.0 
114.6 
127.3 


93.3 
100.0 
118.8 
122.7 


84.6 
117.9 
127.3 
190.0 


88.8 
108.6 
123.0 
152.7 
136.1 


LIS 116.0 


* Percent is calculated in terms of second base line (15° foot-down tilt). Uniform compression: 11, 11, 11, 11, 11 mm Hg; gradient 


compression: 18, 14, 8, 10, 8 mm Hg. 
f Percent is calculated in terms of initial value for each base line. 


The average flow during the restored second and first 
base lines (expressed as a percent of the initial base line 
levels) was greater than the initial base lines, reflecting a 
persistence of compression effect. We observed similar re- 
sults in our previous study.' 

Statistical analysis first was directed to compare the 
geometric mean of each compression effect with base line 
(100%) by means of a paired t test. The first compression 
mean did not differ significantly from base line. Second 
and third compressions were significantly above base line 
(P < .05). Next, the effects of the three compressions were 
compared among themselves, using an analysis of vari- 
ance for repeated measurements in the same subjects.‘ 
This disclosed that both second and third compressions 
produced an increase in femoral vein flow velocity that 
was significantly greater than the effect of first compres- 
sion (P < .05). However, there was no statistically signifi- 
cant difference in the effect of third compression com- 
pared to second compression. 

Based on this analysis, we concluded that graded lower 
extremity pressure of 18 mm Hg at the ankle to8 mm Hg 
at the midthigh level is the optimal pressure to increase 
femoral vein flow velocity in subjects inclined to a 15° 
foot-down tilt. While compression at a higher level (26 to 
12 mm Hg) produced a higher average blood flow velocity, 
this was not significantly greater than the previous level 
and was associated in one subject with a decline in flow 
velocity. 
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Gradient Versus Uniform Compression Experiment 


The results of the experiment to examine the difference 
between the optimal gradient compression and the compa- 
rable pressure exerted as uniform compression demon- 
strated generally small but consistent increases in venous 
blood velocity with gradient compression. Table 3 shows 
that in all eight extremities studied, gradient compression 
(18, 14, 8, 10, 8 mm Hg) produced a higher femoral vein 
flow velocity than uniform compression (11 mm Hg). This 
difference was statistically significant (P < .05) (paired t 
test using a one-tailed analysis of data). 


COMMENT 


In this study, the optimal pressure gradient to compress 
lower extremities has been estimated in terms of effect on 
femoral vein flow velocity. This is based on the assump- 
tion that such a measure is a valid means of determining 
to what extent lower limb compression, as produced by 
elastic stockings, can overcome venous stasis. 

Optimal compression, as we have defined it, produced 
less than maximal femoral flow velocity in most of the 
subjects tested. Nevertheless, we considered this lower 
level of compression as optimal because its effect on the 
average was not statistically different from that of the 
next higher level and out of consideration of patient 
safety. In one of the six subjects tested in this part of the _ 
experiment, maximal -femoral vein flow velocity was 
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reached at the 18 to 8 mm Hg compression gradient and 
greater compression levels produced a decline in flow ve- 
locity, although this was still higher than base line values. 
We considered that gradient compression of 26 to 12 mm 
Hg or greater might be undesirable for recumbent sub- 
jects and selected, therefore, a compression level of 18 to 8 
mm Hg as optimal for general hospital use. 

In conducting these experiments, our intent has been to 
establish laboratory conditions that resemble the hospital 
ambience for most patients considered at risk for venous 
thromboembolism because of their inactivity and ex- 
tended confinement to bed. Based on this consideration, 
we selected a 15° foot-down tilt for our subject experi- 
ments. The body was kept straight (not flexed at the hips) 
to diminish transducer placement problems over the fem- 
oral vein. 

Body position is an important consideration because it 
affects the pressure within the lower extremity veins and, 
thus, the amount of compression needed to produce max- 
imal venous flow velocity. From physiological consid- 
erations, compression levels higher than 18 to 8 mm Hg 
would be expected to be more effective at inclinations 
greater than 15°. As the lower limbs attain positions of 
greater dependency, the transmural pressure in the deep 
veins of lower extremities increases.’ Thus, more compres- 
sion would be required to prevent distention of veins re- 
sulting from the added hydrostatic pressure as depen- 
dency of the lower limbs is increased. 

Conversely, when the lower limbs of a supine subject 
are elevated, less compression may be needed to increase 
venous velocity. In a previous study,’ we found that fem- 
oral vein blood velocity measured by transcutaneous Dop- 
pler ultrasound instrumentation increased by about 30% 
with a 10 degree foot incline above horizontal. Under such 
circumstances, elastic stockings exerting an 18 to 8 mm 
Hg gradient probably would have little further effect on 
increasing blood velocity. 

The selection of the most appropriate pressure gradient 
for elastic stockings worn by hospitalized patients should 
be tempered by these considerations. Compression levels 
designed to produce optimal flow velocity in dependency 
may exert an undesired effect in a supine position. Since 
hospitalized patients are in bed a large portion of the 
time, optimal compression pressures should be reckoned 
on the basis of the usual position assumed by such pa- 
tients. Stockings that are optimal during dependency 
would tend to overcompress when the subject is supine; 
hence, it would not be indicated to utilize this higher com- 
pression level for general hospital use. Stockings that are 
optimal at 15° foot-down tilt (18 to 8 mm Hg) probably 
undercompress when the patient is in a more erect posi- 
tion; however, wjth respect to universal hospital use, this 
would be the sąfer compromise. 

For these reasons, we conclude that the 18 to 8 mm Hg 
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gradient is best for general use on hospitalized patients 
who are inactive and in bed for substantial time periods. 

Although gradient compression has been employed in 
stocking application in most instances, its effect in com- 
parison to nongradient has not been demonstrated in terms 
of venous flow velocity. The experiment reported demon- 
strates that gradient compression at the recommended 
level in recumbent subjects is more effective than the 
equivalent compression applied uniformly. This provides 
quantitative confirmation for the appropriateness of 
using compression gradients in elastic stockings to reduce 
venous stasis. 


CONCLUSIONS 


1. At a body position considered most characteristic of 
hospitalized subjects, a 15° foot-down tilt, the recom- 
mended ankle to midthigh pressure gradient for elastic 
stockings is 18 to 8 mm Hg. At this compression, average 
femoral vein blood flow velocity increased to 138.4% of 
base line. Femoral vein blood flow velocity was increased 
further by compression at a 26 to 12 mm Hg gradient. 
However, at this pressure gradient, the increase in flow 
velocity was not significantly greater and, in one instance, 
was decreased compared to the 18 to 8 mm Hg gradient. 

2. While the 18 to 8 mm Hg gradient may be a less ef- 
fective compression when the limbs are in a more depen- 
dent position, we considered this to be the appropriate 
gradient for general use in hospitalized patients who are 
confined to bed for substantial time periods. 

8. The application of a gradient compression (18 to 
8 mm Hg) increased venous velocity to a higher level 
than the application of a uniform pressure equal to the 
weighted average of pressure exerted by this gradient. 
This tended to confirm the appropriateness of using 
gradient compression stockings to reduce venous stasis. 


This investigation was supported by National Institutes of Health grant 
HL11774; a grant from the Kendall Company, Barrington, Ill; Veterans Ad- 
ministration Part I Funds; and the John A. Hartford Foundation. 
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Venous Atherosclerosis 





Associated With Arteriovenous Fistulas 


for Hemodialysis 


In two patients, venous loops fashioned into arteriovenous anasto- 
moses for long-term hemodialysis developed gross irregularity and 
narrowing of the lumen. Histological and ultrastructural examination 
of the affected vein in one patient revealed atherosclerosis similar to 
that that develops in the anastomosed veins of experimental arterio- 
venous fistulas in sheep. The second patient, with angiographically 
similar changes in the venous loop, developed on aneurysm followed 
by thrombotic occlusion of the arteriovenous fistula. The develop- 


= ment of venous atherosclerosis in these patients was analogous to 


that in the experimental animal, and was attributed to local he- 
modynamic stresses in the vein associated with the shunt. 


urgically induced arteriovenous fistulas, which were 
used therapeutically in the past for mental retarda- 
tion and for congenitally small limbs, proved to be unsuc- 
cessful as a long-term measure. For intermittent hemodi- 
alysis in the treatment of acute and chronic renal failure, 
Brescia et al' were the first to utilize an arteriovenous fis- 
tula te provide a readily accessible vein with a brisk blood 
flow. The technique has gained worldwide acceptance and 
countless numbers of patients have been restored to pro- 
ductive life. The undisputed value of these maintenance 
shunts as well as their widespread use necessitates an un- 
derstanding of their full function and of their complica- 
tions. In the two cases reported here, severe atheroscle- 
rosis interfered with the functioning of the arteriovenous 
loop for hemodialysis. Investigation of the first case and 
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recent experimental work’ help to explain the venous com- 
plications inherent in the use of these therapeutic arterio- 
venous fistulas for maintenance hemodialysis. 


REPORT OF CASES 


Case 1.—A somewhat obese 61-year-old woman had for many 
years been known to have severe polycystic disease of both kid- 
neys. Slow, progressive deterioration in renal function had neces- 
sitated renal dialysis for the previous 19 months, Initially, dialysis 
was carried out by means of femoral catheters because an at- 
tempt of forming an arteriovenous shunt of the right wrist had 
been unsuccessful. A segment of the saphenous vein was then 
fashioned into an arteriovenous anastomosis between the brachial 
artery and the cephalic vein at the left elbow, with the loop posi- 
tioned subeutaneously in the forearm. A good flow was obtained 
on removal of the vascular clamps and a pronounced thrill was 
palpable. At that time the blood cholesterol value varied from 255 
to 288 mg/100 ml of serum and the patient was mildly hyperten- 
sive. Her blood pressure during two admissions to the hospital 
varied from 160 to 190 mm Hg systolic and 100 to 110 mm Hg dias- 
tolic. 

This venous loop functioned well for 12 months, but from then 
on the rate of blood flow was unsatisfactory. The pulse in the loop 
was diminished, and needling of the loop was confined to the distal 
part of the limb. The flow rate became inadequate for hemodialy- 
sis 17 months after insertion of the loop, and modification of the 
loop became mandatory. 

The patient was readmitted to the hospital 2nd angiography re- 
vealed gross and irregular narrowing of the lumtn in the proximad 
half or medial limb of the loop (Fig 1). The distal part of the limb, 
which had been used exclusively for six months, displayed little 
abnormality. From the uppermost part of this partially obliter- 
ated vein, a short s ent was removed, together with a segmerft 
of the distal portion of the saphenous vein near the left knee; both 
were fixed in 4% glutaraldehyde. A new arteriovenous loop was 


Arteriovenous Fistulas/Stehbens & Karmody _ 





oi 


Fig 1.—Angiogram (case 1) of arteriovenous loop fashioned be- 
tween brachial artery and cephalic vein. Note gross irregularity and 
narrowing of proximal half (medial limb) of loop. 


then fashioned successfully. On this admission the patient was 
still mildly hypertensive, with a serum cholesterol level of 217 
mg/100 ml of serum and a blood hematocrit reading of 25%. 

Some of the tissue from each segment was kept for histology 
and the remainder was cut into blocks for electron microscopy. 
From the tissue retained for histologic examination, frozen sec- 
tions were cut and stained with Fettrot and hematoxylin to dem- 
onstrate fat; paraffin sections were cut and stained with Verhoeff 
elastic tissue stain and hematoxylin-eosin. After 30 minutes, the 
tissues for electron microscopy were transferred to Karnovsky 
fixative for 1.5 hours and then processed according to Karnovsky’s 
technique.’ Thin sections were stained with lead and uranyl ace- 
tate and examined in an electron microscope. 

The segment of the left saphenous vein served as a control, and 
exhibited only a minimal degree of intimal thickening histologi- 
cålly (Fig 2). Both granular and vesicular cell debris were pres- 
ent in the interstitium ultrastructurally, with a few degenerate 
muscle cells. The basement membranes were somewhat thickened, 
but no cell separation was observed. Lipofuscin granules were in- 
frequent. 

_ The segment of the narrow limb of the arteriovenous loop ex- 
hibited grossly thickened walls, while the lumen was narrowed 
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Fig 2.—Portion of left saphenous vein (case 1) displaying charac- 
teristic venous architecture and minimal intimal thickening (Ver- 
hoeff elastic stain, X 44). 


Fig 3.—Section of medial limb of arteriovenous loop in Fig 1. Note 
gross phlebosicerosis, rupture, and reflection of elastic lamina with 
paucity and fragmentation of elastic tissue (Verhoeff elastic stain, 








Fig 4.—Frozen section of phlebosclerotic arteriovenous loop (case 
1). Note gross intimal thickening and presence of moderate 
amount of lipid (Fettrot and hematoxylin, X 44). 


and the intimal surface was irregular. Histologically, there was 
pronounced intimal thickening consisting of fibromuscular tissue 
in which there was little elastic tissue. There was evidence of mul- 
tiple ruptures of the elastic laminae (Fig 3), and fat stains re- 
vealed a moderate infiltration with both intracellular and extra- 
cellular lipid (Fig 4). The media was prominent in several places, 
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Fig 5.—Electron micrograph from narrowed segment of arterio- 
venous loop (case 1). Note lipophages (L) and modified smooth 
muscle cell (M) containing lipid vacuoles. Basement membranes 
about smooth muscle cells (SM) and modified muscle cell (M) is ir- 


but elsewhere was thin and attenuated. The elastica in the media 
and adventitia displayed evidence of the fragmentation and dis- 
appearance reported in experimental arteriovenous fistulas.’ 
There was a close resemblance to advanced phlebosclerosis with 
lipid deposition, ie, venous atherosclerosis. Ultrastructurally, the 
basement membranes were grossly thickened and irregularly dis- 
posed and were often partially separated from or completely inde- 
pendent of cells (Fig 5). Irregular deposits of amorphous or granu- 
lar material in the interstitium were frequent, as were cellular 
debris and degenerating or frankly necrotic muscle cells, some of 
which were partially enveloped by adjoining smooth muscle cells. 
Fibrocyte-like cells were present, as were the modified smooth 
muscle cells seen in atherosclerosis.‘ Large cells with abundant 
cytoplasm but without myofibrils were frequent, and many of 
these contained much lipid. Extracellular lipid was also observed 
and a few small foci of calcification. The elastic tissue was de- 
pleted and collagen was often sparse and well separated, the con- 
nective tissue matrix being quite loose in genéral. The appearance 
was morphologically similar to that of atherosclerosis and also to 
the anastomosed veins of experimental arteriovenous fistulas in 
sheep.’ 

Case 2.—A 44-year-old man had had fairly well-controlled diabe- 
tes mellitus for 17 years. During the previous two years his renal 
function progressively worsened, necessitating hemodialysis for 


178 Arch Surg/Vol 110, Feb 1975 








regularly deposited, interrupted, and frequently separated from 
plasma membranes. Interstitium contains much cell debris and 
granular amorphous material with paucity of collagen and no elas- 
tica (lead citrate and uranyl acetate, x 7,500). 


severe renal failure. Initially, attempts to construct arteriovenous 
fistulas at the wrist did not provide sufficient flow for satisfactory 
hemodialysis. A length of the left saphenous vein was mobilized 
and looped upward to be anastomosed (end-to-side) to the super- 
ficial femoral artery. This loop was satisfactory for some three 
months, after which the flow through the shunt diminished consid- 
erably and became unsatisfactory four months postoperatively. 
At this time, a misadventure with a needle during attempts at he- 
modialysis resulted in a traumatic or false aneurysm of the arte- 
riovenous loop (Fig 6) and an angiogram revealed considerable 
narrowing and irregularity of the lumen. Thrombosis occurred 
shortly thereafter and completely occluded the shunt and the an- 
eurysmal sac. Unfortunately, no tissue was obtained for histologi- 
cal or ultrastructural examination. 

The patient’s blood pressure ranged from 130 to 160 mm Hg 
systolic and 80 to 90 mm Hg diastolic. His serum cholesterol level 
was never elevated, and during the previou$ two years the blood 
hematocrit reading varied from 20% to 25%. ° ° 


COMMENT 


Since the introduction of repeated maintenance hemofli- 
alysis, the immediate complications of the procedure have 
been overcome and the survival time of patients so 
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treated has lengthened considerably. The long-term cardi- 
ovascular complications specific to arteriovenous fistulas 
include cardiac insufficiency and ischemia distal to the 
shunt, both complications of no mean consequence. The 
risks of ischemia, however, appear to be greater with a 
side-to-side shunt than with an end-to-side shunt.’ The 
complications seem to be dependent on the magnitude of 
the shunt and on the local hemodynamics at the site of the 
fistula. 

The progressively diminishing blood flow and throm- 
bosis that arise weeks or months postoperatively are re- 
curring problems in the management of patients requir- 
ing long-term hemodialysis. In part they may be related 
to the technical performance of the anastomosis,’ but in 
the main they can be attributed to the chronic changes 
known to occur in the anastomosed veins of arteriovenous 
fistulas.** Spontaneous thrombosis is commonplace in ar- 
teriovenous aneurysms” and intimal tears, dissection, and 
mural thrombosis are also of frequent occurrence in exper- 
imental arteriovenous fistulas.: These phenomena have 
been attributed to a diminution of the wall’s tensile 
strength caused by the hemodynamic stresses associated 
with the shunt. It is, therefore, not surprising that arte- 
riovenous loops fashioned for the purposes of hemodialysis 
are also subject to thrombotic occlusion, as in case 2. The 
increased vascular fragility may also account for the read- 
iness with which a traumatic aneurysm developed in the 
anastomosed vein of case 2. Hashmonai and associates"’ 
reported another instance of traumatic aneurysm, and we 
have encountered an additional two cases. It is likely that 
more cases will arise in the future. 

There is mounting evidence to indicate that atheroscle- 
rosis may be the major factor limiting the survival of pa- 
tients on maintenance hemodialysis therapy, and it ap- 
pears that the disease is, in fact, accelerated in such 
patients. Lindner and associates” believe that the rate 
of coronary and cerebrovascular complications is greater 
than can be accounted for by the coexistence of hyperten- 
sion and that it is similar to rates found in type 2 hyper- 
lipoproteinemia. However, venous atherosclerosis has not 
been reported previously in the veins of arteriovenous 
shunts. 

Arterial hypertension may augment the severity of the 
systemic atherosclerosis in the systemic arterial tree. It 
may also increase the flow through the shunt by accen- 
tuating the pressure differential across the fistula. How- 
ever, the elevation of blood pressure in both of the present 
cases was so small that it could easily have been offset by 
the configuration of the anastomosis. It may be argued 
that the presence of hypercholesterolemia may accentuate 
the disease but, according to the experimental evidence, 
this is but a segqondary factor to hemodynamic stress.’ 
Moreover, the appearance of the venous atherosclerosis in 
case 1 differed histologically from the venous lesions asso- 
ciated with hypercholesterolemia and an arteriovenous 
shunt,’ so it is more likely that the explanation lies with 
focal hemodynamic factors. The grossly reduced hemat- 
_ocrit readings in patients on prolonged maintenance he- 
modialysis therapy may be a’ contributing factor if 
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Fig 6.—Angiogram (case 2) exhibiting irregular narrowing of 
much of femoral-saphenous arteriovenous loop with moderate-sized 
traumatic aneurysm. 


hemodynamic disturbances of flow are of atherogenic im- 
portance because of the reduced blood viscosity and, 
hence, an augmented tendency to flow instability. The use 
of the saphenous vein graft for the shunt is not likely to 
be responsible per se. It is also unlikely that repeated 
venipunctures for hemodialysis would cause such a diffuse 
change and, besides, the medial limb of the loop in case 2 
had not been used for hemodialysis. Morever, trauma to a 
vein experimentally does not result in atherosclerosis, 
even in the presence of hypercholesterolemia.*’ Further- 
more, the distal limb of the loop in case 1 was certainly 
subjected to more frequent puncturing than the proximal 
limb, and this location did not coincide with the site of the 
atherosclerosis. 

Progressive intimal thickening of human veins occurs 
concomitantly with aging, and a substantial number of in- 
dividuals there is eventually lipid deposition and venous 
atherosclerosis.” It is aggravated by venous hypertension 
and modified by hemodynamic factors." Experimen- 
tally, it has been demonstrated that hemodynamically in- 
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duced vibrations associated with an arteriovenous shunt 
induce not only severe phlebosclerosis in the venous wall 
with a tendency to intimal tears, dissection, and throm- 
bosis, but also intimal lipid deposits similar to human ath- 
erosclerosis.'* 

The lipid deposits in the vein are of much interest and 
are considerably more severe than those that generally oc- 
cur in the human inferior vena cava and iliac veins. In the 
two cases here reported, both angiograms revealed gross 
irregularity and narrowing of the lumen in the venous 
loop and a similar roentgenographic appearance, regarded 
as atherosclerotic, may be observed in autogenous venous 
grafts to the arterial tree, even to the stage of aneurysm 
formation. The histological changes are also similar to 
those in case 1," yet it is conceded that search for the 
presence of lipid is seldom made. Although the changes 
have been atributed to severe hemodynamic stresses prob- 
ably in association with graft disproportion and exposure 
of the transplanted vein to the arterial pressure and 
flow,®™" it is more likely that the degenerative disease in 


the venous loops of the present cases can be attributed to 


the altered hemodynamics prevailing in the affected vein. 
Indeed, within a relatively short span of time the anasto- 
mosed vein in case 1 progressed to overt atherosclerosis 
and that of case 2 exhibited a similar appearance angio- 
graphically. The fistulas produced in patients for hemodi- 
alysis are analogous to those in the sheep veins that devel- 
oped florid atherosclerosis with complications.' The 
contention is further supported by the similarity of the 
venous changes ultrastructurally to those of the anasto- 
mosed veins in sheep.’ While the size of the shunt was in 
all likelihood greater in the experimental models than in 
the hemodialysis shunts, considerable variation in flow 
and pronounced varicosities may occur in these patients." 
It is concluded that these observations give added support 
to the importance of local hemodynamics in atherogenesis. 


This investigation was supported by Public Health Service grants HL- 
14177 and HL-15484 and research funds of the Veterans Administration 
(No. 8117-01). oe. 
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Editorial Comment 


Doctors Stehbens and Karmody have added further testimony 
that many veins subjected to arterial pressure develop degenera- 
tive changes, and that these arise especially in veins that reside in 
the arterial system as grafts. Observers since the time of Carrel 
and Guthrie have reported fibrosis and intimal thickening of these 
segments. Over the years, increasingly detailed descriptions have 
appeared of inflammatory changes, intimal necrosis, and diminu- 
tion or loss of smooth muscle. More recently, vascular surgeons 
have worried about progression in the grafted segments of the ba- 
sic disease for which the grafting was done. Therefore, they have 
diligently searched for true atherosclerosis in vein grafts. It has 
until recently been found infrequently. However, it now seems 
quite clear that human vein autografts are not immune to ath- 
erosclerosis. It proceeds deliberately, taking three years, and usu- 
ally more, to develop. Some observers have gone so far as to pre- 
dict that atherosclerotic degeneration will affect all vein grafts, 
but this is far from proved. Indeed, The majority of late examina- 
tions of these tissues have been normal, except for moderate dila- 
tion, fibrous thickening, and smooth muscle loss. The minority 
have revealed plaques with lipid deposits. 

But what are we talking about? Are the degenerative processes 
we see of no metabolic significance until the appearance of 
plaques with lipid deposits or ulceration or calcium? And when 
this occurs do we then adopt a whole new attitude that tells us the 
process is now metabolic and inexorable? It is known that vein 
grafts in animals on atherogenic diets are more vulnerable to a 
specialized sort of atheroma than are the surrounding normal ar- 
teries. It is known that mechanical factors, whether local in the 
vessel wall or in the dynamics of the blood stream, are crucial to 
the localization of atheromatous deposits. And it is logical that 
venous grafts, which are traumatized and made ischemic during 
insertion, would be especially vulnerable. No one will argue that 
the process reported by Stehbens and Karmody is sclerotic, even 
atherosclerotic, since they demonstrate lipid and ulcerations. The 
crucial question for the future, however, is whether these lesions 
are distantly or closely related to the fibrotic changes seen or dis- 
tantly or closely related to the systemic invofutional process éf 
atherosclerosis as we know it in humans. The answer will be hard 
to come by. The chances are that it will not be found by the an- 
giographer, nor perhaps even by the microscopist. But we must 
applaud all the continuing efforts to find it that are being made. 

) RICHARD WARREN, MD 
Boston 
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Pediatric Cadaver Kidneys 


Their Use in Renal Transplantation 


Oscar Salvatierra, Jr., MD, Folkert O. Belzer, MD 


Of 350 consecutive cadaver kidney transplants, 32 kidneys from 
donors aged 1 day to 9 years were transplanted. Our results indicate 
that, with strict adherence to certain guidelines in kidney procure- 
ment and transplantation, pediatric kidneys are excellent donor graft 
material. In contrast to en bloc transplantation of both kidneys from 
pediatric donors, each donor can provide kidneys for two recipients. 
In addition, the transplantation of pediatric kidneys as single units is 
both simple and safe. 


Ithough pediatric cadaver kidneys have been used for 
clinical transplantation, there is as yet no universal 
acceptance of the pediatric donor. Furthermore, reports 
suggest that pediatric kidneys be transplanted en bloc 
with the aorta and vena cava and that double ureteral 
anastomoses be done.'~* Of 350 consecutive cadaver kidney 
transplants at the University of California Medical Cen- 
ter, San Francisco, 32 kidneys were obtained from donors 
aged 1 day to 9 years. 


METHODS 


Thirty-two pediatric cadaver kidney transplants were per- 
formed during a four-year period (mid-1969 to mid-1973). The 
shortest follow-up period is ten months. 

Cadaver nephrectomy was carried out en bloc with the aorta 
and vena cava. The kidneys were then stored by hypothermic pul- 
satile perfusion through the aorta. All kidneys were transplanted 
as single units (Fig 1); thus, each donor provided kidneys for two 
recipients. Arterial anastomosis was performed by using a Carrel 
patch of the donor aorta and, whenever possible, a Carrel patch of 
the vena cava was used for the venous anastomosis. If a Carrel 
patch of the vena cava was not used, interrupted sutures for 
the venous anastomosis were used instead. Arterial and venous 
anastomoses were usually carried out on the iliac vessels, and the 
aorta and vena cava were utilized only in very small children. The 
ureter was implanted into the bladder by means of a modified 
Politano-Leadbetter ureteroneocystostomy. 


RESULTS 


The fate of the 32 pediatric cadaver kidneys at six 
months posttransplantation is as follows: 18 patients with 
functioning kidneys (16 patients with serum creatinine 
levels of = 1.8 mg/100 ml and two patients with serum 
creatinine levels of 1.9 to 2.2 mg/100 ml), seven patients 
with graft loss secondary to rejection, two patients with 
graft loss secondary to complication, and five deaths with 
functioning grafts. 





Accepted for publication Aug 19, 1974. 
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The age of the pediatric renal donors and the kidney re- 
cipients is shown in Table 1. The youngest patient was an 
18-month-old boy who received a 1-day-old kidney from an 
anencephalic monster. The serum creatinine level gradu- 
ally fell to a level of 1.7 mg/100 ml three weeks post- 
operatively. The patient died three months after trans- 
plantation from cytomegalic inclusion disease. Postmortem 
examination showed that the transplanted kidney weighed 
28 gm and that the renal artery and vein were patent. 

The next youngest kidneys transplanted were those 
from a 10-month-old donor. The 14-year-old recipient of 
one of these kidneys is doing well 21 months after trans- 
plantation and has a serum creatinine level of 1 mg/100 
ml. A 3-year-old child received the other kidney. Six and a 
half months after transplantation the serum creatinine 
level was 1.9 mg/100 ml. This patient subsequently died 
after protracted diarrhea. 

The average preservation time was 24 hours. The long- 
est periods of preservation were 42 and 47 hours in a pair 
of 3-year-old kidneys. Both kidneys began functioning im- 
mediately, attaining serum creatinine levels of 0.5 and 1.2 
mg/100 ml, respectively. 

Twenty-four percent of the patients with transplanted 
pediatric kidneys required hemodialysis for acute tubular 
necrosis, in comparison to a dialysis rate of 17% for pa- 
tients with adult cadaver kidneys. The dialysis require- 
ment for pediatric kidneys may have been related in part 
to the immediate inadequacy of the small nephron mass to 
provide the needs of the adult recipient. 

Considerable early hypertrophy occurred when the 
small kidneys were transplanted into adults (Fig 2). Mod- 
erate hypertrophy was also noted in pediatric recipients. 
In adult recipients of pediatric kidneys, the post- 
transplantation decline in the serum creatinine level was 
more gradual than that observed with adult kidneys. The 
serum creatinine level would often level off to between 2 
and 3 mg/100 ml, but subsequently decreased after hyper- 
trophy of the kidney was sufficient for normal serum cre- 
atinine levels to be obtained. 

Hypertension in the postoperative period did not appear 
more frequently than after transplantation of adult kid- 
neys. 

Five different complications related to the transplanted 
kidney occurred in this series (Table 2). Two of these pa- 
tients required nephrectomy. The only thrombotic compli- 
cation in the series was a renal vein thrombosis in the im- 
mediate posttransplantation period (case 1). At the time 
of transplantation, the recipient’s iliac vein was found to 
be thrombosed secondary to a previously placed femoral 
Scribner shunt. Thrombectomy was carried out, and a re- 
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Fig 1.—Transplanted pediatric kidney utilizing Carrel 
patches of donor aorta and vena cava to iliac vessels. 





nal-vein-to-iliac-vein anastomosis was performed. How- 
ever, rethrombosis of the iliac vein with secondary 
involvement of the renal vein occurred 48 hours postopera- 
tively. The ureteral slough in case 2 was due to inadequate 
ureteral blood supply. The renal artery stenosis in case 3 
occurred at the site of suture closure of a small nick made 
at the time of donor nephrectomy in a lower pole aberrant 
renal artery. The stenosis was diagnosed after the patient 
developed severe hypertension. Successful repair was ac- 
complished with a saphenous vein bypass graft. This pa- 
tient is presently normotensive without antihypertensive 
medication, with a serum creatinine level of 1 mg/100 ml 
and creatinine clearance of 110 ml/min, 18 months after 
arterial repair and more than three years after transplan- 
tation. 

Two patients developed hydronephrosis secondary to 
obstruction at the ureteropelvic junction. In case 4, hydro- 
nephrosis resulted from scarring after recurrent lympho- 
celes. Repair was effected successfully with a ureteropye- 
lostomy utilizing the recipient’s own ureter. In case 
5, ureteropelvic junction obstruction and hydronephrosis 
were secondary to hypertrophy of the transplanted pe- 
diatric kidney. This is the only complication in this series 
that can be directly attributed to the use of a small kid- 
ney. This kidney had five renal arteries anastomosed to 
the recipient iliac artery with two separate Carrel 
patches. As the kidney increased in size, the ureter be- 
came compressed between the enlarging renal mass and 
the lower set of renal arteries. Satisfactory resolution of 
the obstruction was impossible by ureteropyelostomy be- 
cause of the multiple arteries. However, relief was gained 
by division of the iliac artery and interposition of an au- 
tologous hypogastric arterial graft. This procedure suc- 
cessfully decompressed the ureter at the ureteropelvic 
junction. 
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Fig 2.—Left, Intravenous pyelogram showing 10-month-old pediatric kidney transplanted 
into 14-year-old recipient. Right, Intravenous pyelogram taken four months postoperative in 
same patient. Note marked compensatory hypertrophy of transplanted kidney. 





COMMENT 

Pediatric cadaver kidneys transplanted as single units 
provided good renal function to a group of recipients 
whose ages ranged from 18 months to 53 years. At six 
months posttransplantation, 16 recipients had serum cre- 
atinine levels of 1.8 mg/100 ml or less. This level of renal 
function, in association with early hypertrophy of these 
small kidneys, seems to negate the principal advantage 
offered by proponents of en bloc transplantation of both 
kidneys from pediatric donors. The latter method may 
provide an immediate nephron mass more closely approxi- 
mating the needs of the recipient, but these same needs 
will be quickly met by considerable early hypertrophy of 
the solitary pediatric kidney. 

An advantage of our procedure, not present in en bloc 
transplantation of both kidneys, is that each pediatric do- 
nor will provide kidneys for two recipients. There are ad- 
ditional disadvantages in the two methods of en bloc 
transplantation currently in use. The first method’ em- 
ploys end-to-side anastomosis of donor aorta and vena 
cava to recipient vessels, an approach that has at times re- 
sulted in early failure, apparently because the donor aorta 
forms a cul-de-sac favorable to thrombosis. The second 
method' was devised to avoid this problem and consists of 
excision of a short segment of external iliac artery, then 
interposition of donor aorta to fill the defect, a somewhat 
complex procedure for routine use of pediatric cadaver 
kidneys. Š 

Successful transplantation of a pair of kidneys from ap 
anencephalic monster into a 42-year-old child has been re- 
ported.’ In one patient in our series, we used a single kid- 
ney from an anencephalic monster, which functioned sat- 
isfactorily until death of the recipient three montħs 
postoperatively from cytomegalic inclusion disease. How- 
ever, thrombotic problems with very young kidneys proba- 


Pediatric Cadaver Kidneys/Salvatierra & Belzer . 


Table 1.—Ages of Donors and Recipients 


ea. 


Age of Donor, yr No. 
0-1 


3 
2 
6 
4 
3 
3 
2 
3 
6 


zZ 
° 


N| >| 0 


Age of Recipient, yr 
1144-5 

6-10 
11-20 
21-30 
31-40 
41-50 
51-53 


mi w| aj N 


Table 2.—Complications 


Ageof Age of 
Donor, Recipi- 
Complication yr ent, yr 
Iliac and renal 3 6 
vein thrombosis 


Ureteral slough 22 


Aberrant renal 23 
artery stenosis 


Hydronephrosis 15 
secondary to 
ureteropelvic 
junction ob- 
struction 


Hydronephrosis 
secondary to 
ureteropelvic 
junction ob- 
struction 


Treatment 
Nephrectomy 


Nephrectomy 
Repair 


Repair 


Repair 


bly preclude their routine use. Our experience with two 10- 
month-old kidneys indicates that this is a reasonable min- 
imum age for standard use of the pediatric donor. 
Technical considerations related to the removal of these 
pediatric kidneys, subsequent preservation, and the tech- 
nique of transplantation are of the greatest importance. 
Care must be taken not to overlook small aberrant renal 
vessels, and the small ureter must be meticulously re- 
moved with adequate surrounding tissue.’ In order to uti- 
lize both kidneys in separate recipients, the recipients 
must be simultaneously prepared in adjoining rooms. The 
kidneys are then removed with the aorta from the preser- 
vation unit and, at a separate table, the aorta and vena 
cava are longituginally divided. In this manner, each re- 
gipient team can fashion a Carrel patch of aorta and vena 


* . Arch Surg/Vol 110, Feb 1975 








he ee i Pada, Lea 


cava for the arterial and venous anastomoses. A Carrel 


patch is mandatory, since direct implantation of a small | 


vessel into a much larger vessel may result in actual 
thrombosis or produce functional stenosis “concomitant 
with graft hypertrophy. If a Carrel patch of vena cava is 
unobtainable, interrupted sutures for the venous anasto- 
mosis will prevent relative renal vein obstruction with hy- 
pertrophy of the graft. Occasionally with bilateral single 
renal arteries, the takeoff of the arteries from the aorta 
may be at different levels, so that the aorta may be safely 
cross clamped on the preservation unit with separate re- 
moval and transplantation of the lower kidney. This, how- 
ever, must never be attempted unless one is certain that 
the Carrel patch to either kidney will not be jeopardized. 


This investigation was supported by Public Health Service grants AM- 
11290 and AM-11290-08. 


References 


1. Carrel A: Transplantation in mass of the kidneys. J Exp Med 
10:98-140, 1908. 

2. Goodwin WE, Mims MM, Kaufman JJ: Human renal trans- 
lantation. III: Technical problems encountered in six cases of 
idney homotransplantation. Trans Am Assoc Genitowrin Surg 

54:116-1238, 1962. 

3. Meakins JL, Smith EJ, Alexander JW: En bloc transplanta- 
tion of both kidneys from pediatric donors into adult patients. 
Surgery 71:72-75, 1972. 

4. Andersen OS, Jonasson O, Merkel FK: En bloc transplanta- 
Hon of pediatric kidneys into adult patients. Arch Surg 108:35-37, 

5. Martin LW, Gonzalez LL, West CD, et al: Homotransplan- 
tation of both kidneys from an anencephalic monster to a 17- 
pam boy with Eagle-Barrett syndrome. Surgery 66:603-607, 

6. Salvatierra O Jr, Kountz SL, Belzer FO: Prevention of ure- 
teral fistula after renal transplantation. J Urol 112:445-448, 1974. 


Editorial Comment 


This article points out, more clearly than preceding publications 
dealing with this subject, that cadaver kidneys from pediatric do- 
nors can and do function well, even in adult recipients. This should 
serve to resolve the doubts expressed in some transplant centers 
concerning the suitability of young children as cadaver kidney do- 
nors. Drs. Salvatierra and Belzer also have shown that it is not 
necessary to transplant both kidneys from young children en bloc, 
but that each kidney can be utilized for a different recipient, as in 
the case of adult cadaver donors. Their technique of en bloc pres- 
ervation of the kidneys on a perfusion machine with division of 
the aorta and vena cava longitudinally at the time the kidneys are 
to be transplanted appears to be a sound technique and should be 
copied by other transplant groups. Since cadaver kidneys continue 
to be in short supply throughout the United States, transplanta- 
tion surgeons cannot afford to overlook terminal pediatric patients 
as a potential source of suitable renal grafts. 

Jonn A. MANNICK, MD 
Boston 
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Routine 
Intraoperative 


Angiography 
An Essential Adjunct 


in Vascular Surgery 


Irving I. Dardik, MD; Ibrahim M. Ibrahim, MD; 
Seymour Sprayregen, MD; Frank Veith, MD; 
Herbert Dardik, MD 


Intraoperative angiography was performed during a variety of 155 
arterial reconstructive procedures including bypass, endarterectomy, 
embolectomy, thrombectomy, primary reconstruction, and angio- 
plasty. In 27 or 17% of these cases, defects were identified that 
could be corrected. These included technical errors at the suture 
line, accumulation of platelet thrombus and atherosclerotic debris, 
or unrecognized lesions in the runoff. The likelihood of identifying 
such lesions is greatest in patients undergoing bypass surgery, par- 
ticularly when the distal anastomosis involves one of the leg arteries. 
Routine use of intraoperative angiography as an adjunct to vascular 
surgery is justified and will help to obviate many early graft failures. 
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he importance of intraoperative angiography for 
improving the results of vascular reconstructive sur- 
gery has been previously demonstrated." However, this 
procedure has not received sufficient emphasis or been 
generally accepted as a routine component in vascular sur- 
gery, particularly in the lower extremities. The routine 
use of intraoperative angiography can demonstrate cor- 
rectable technical problems and, thereby, substantially re- 
duce both early and late failures. The present report em- 
phasizes the value of intraoperative angiography and 
delineates the relationship of this procedure to various 
types and sites of operations. 


MATERIALS AND METHODS 


From September 1972 to July 1974, intraoperative angiography 
was performed in 155 cases involving arterial reconstructive pro- 
cedures of the upper and lower extremities and the carotid ar- 
teries. The types and sites of surgical procedures for which intra- 
operative angiography was routinely employed in this study are 
indicated in the Table. Depending on the major component of the 
vascular reconstruction, all cases were categorized as either by- 
pass, endarterectomy, embolectomy, or repair of trauma. The lat- 
termost category did include a variety of techniques but, for sim- 
plicity, was retained as a single grouping. Isolated instances of 
intraoperative angiography for aortic and visceral arterial recon- 
struction have not been included in the present analysis. 

The procedure was performed by manually injecting 20 to 30 ml 
of 50% diatrizoate sodium through a 19- or 21-gauge butterfly 
needle into the artery above the site of reconstruction. Roentgen- 
ograms were obtained during the period of injection. If a distal 
anastomosis and runoff were being evaluated following vein by- 
pass, a previously preserved tributary of the vein was employed 
for placement of the needle. After completing the injection of the 
contrast medium and removing the needle, a small tantalum clip 
or ligature was simply applied just beyond the puncture site but 
away from the main trunk of the vein. In cases in which the initial 
intraoperative angiogram showed an abnormality, the study was 
repeated following correction of the abnormality. 


RESULTS 


Twenty-seven patients (17.4%) showed angiographic ab- 
normalities that required revision or correction. In 16 in- 


stances this proved to be due to technical errors or diffi, 
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. _ Fig 1.—Intraoperative angiograms. Top left, Suture line stricture (arrow). Top right, Platelet thrombus and/or atherosclerotic debris (ar- 
row). Bottom left, Intimal flap and thrombus (arrow). Bottom right, Correction by thrombectomy with venous roof patch. 
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Procedures During Which Intraoperative Angiography 
Was Employed 






Correctable 
Abnormalities 





Procedures No. 


Bypass 
Femoropopliteal 32 
Femoral or popliteal- 
tibia!-peroneal 28 
lliofemoral (transobturator) 2 
Femorofemoral 7 
5 
3 








Axillofemoral 
Axilloaxillary 






Endarterectomy 
iliofemoral 4 
Superficial femoral 2 
Profunda femoris 

(profundoplasty) 8 

9 
7 








Popliteal 
Carotid 







Thromboembolectomy 
Femoral 17 
Popliteal 4 

Brachia! 











Trauma 
Femoral 4 
Iliac 2 eN 
Popliteal 3 1 
1 
1 
1 
2 







Tibial-peroneal 
Subclavian 
Axillary 
Brachial 








Total 





culties at or adjacent to the suture line. All of these 
patients underwent immediate correction, with success at- 
tained in 14. Nine cases showed defects in the runoff. 
Seven of these were corrected by endarterectomy, en- 
darterectomy and roof patch angioplasty, or jump bypass 
from the parent graft to a more distal vessel. In two cases, 
the runoff was so poor that failure could be anticipated. In 
those instances, reexploration subsequent to graft closure 
was not performed. One case showed a partially occluding 
clot within the midsegment of the graft. This was cor- 
rected by immediate thrombectomy. One other case was 
found to be angulated at the adductor hiatus. This was 
corrected by simply dividing the hiatus, permitting the 
graft to lie in a normal plane. In all, 21 of the 27 cases 
(77.8%) revised prior to wound closure on the basis of in- 
traoperative angiograms were successful. Most of the fail- 
ures occurred where runoff was poor (four of nine). 

Group 1 (bypass) patients had the largest percentage of 
angiographic abnormalities. These were most commonly 
found at the level of the distal anastomosis for small ves- 
sel bypasses. Filling defects in these areas may represent 
suture line stricture, platelet thrombus, atherosclerotic 
debris, or intimal flap occlusion (Fig 1). Poor runoff into 
the foot, predictive of early failure, could also be demon- 
strated (Fig 2). Graft rotation or twisting could be identi- 
fied by an oblique demarcation in the degree of contrast 
medium penetration (Fig 3). 

Failure of contrast visualization despite normal arterial 
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Fig 2.—Intraoperative angiogram showing posterior tibial artery 
occlusion at malleolar level (arrow) distal to femoral posterior tibial 
bypass (mid-one-third segment). Runoff into foot is poor and pre- 
dictive of graft failure. Bypass did close in this patient within two 
weeks and was not reexplored. Below-knee amputation was subse- 
quently required. 


pulsation should lead to a strong suspicion that a distal oc- 
clusion does, in fact, exist. On two occasions, after repeti- 
tive x-ray films failed to show opacified blood vessels, the 
pulsatile column of blood finally thrombosed. Only then 
was the presence of the original more distal thrombus ap- 
preciated. 

The incidence of defects requiring correction dimin- 
ished progressively with increasing caliber of the operated 
artery. Nevertheless, clinically unsuspected thrombus can 
occur even in large vessels or grafts (Fig 4 and 5). 

Intraoperative angiography was least productive for 
group 2 (endarterectomy). Nevertheless, one carotid ar- 
tery endarterectomy was salvaged by recognition of an 
intimal flap in the internal carotid artery. In another case, 
a similar flap occlusion occurred in the external carotid ar- 
tery. Correction was simply performed by a separate inci- 
sion and endarterectomy in this vessel (Fig 6). This was 
particularly important since this patient’s contralateral 
internal carotid artery was occluded. 

Intraoperative angiography for group 3 (thromboembo- 
lectomy) patients was helpful to aid in diagnosis of com- 
plicated cases. These included instances where fresh 
thrombus was present in a normal vessel due to low flow, 
or where the clot became superimposed on an atheroscle- 
rotic lesion. Residual thrombus is important to delineate 
and was found once in our series (Fig 7) Two popliteal an- 
eurysms were also found by intraoperative angiography 
after transfemoral extraction of copious amounts of 
thrombus (Fig 8). Both of these patients were diagnosed 
preoperatively as having acute embolic occlusion of the 
femoral artery. Distal embolic occlusion- occurring with 
proximal vascular reconstructions can also be delineated . 
and corrected, if necessary (Fig 9). 
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Fig 3.—Left, Graft rotation demonstrated by intraoperative angiography. Two radiolucent lines at site of kink (arrows). Right, Correction of 


kink by simply incising tendon of adductor magnus. 


Aside from its obvious value in assessing the extent and 
degree of trauma at sites remote from the obvious injury 
(group 4), intraoperative angiography was also helpful in 
evaluating the quality of reconstruction. In one of our 
femoropopliteal reconstructions, intraoperative angiogra- 
phy demonstrated a bleeding artery that might have oth- 
erwise been unrecognized and could have caused a large 
hematoma (Fig 10). 


COMMENT 


Any intraoperative maneuver, such as a roentgeno- 
graphic evaluation of a completed technical endeavor, will 
draw both advocates and dissenters, the latter partic- 
ularly when time and risk factors are added to the proce- 
dure. We hope that our data, added to that already avail- 
able in the literature, will serve as a positive stimulus for 
other vascular surgeons to consider intraoperative angiog- 
raphy as an important adjunct. The entire procedure can 
be easily performed in less than ten minutes and even 
some of this time is employed for initiating wound irriga- 
tion, closure, and the like. In our opinion, there are no 
valid contraindications to intraoperative angiography. 
The procedure may be used safely in patients with a his- 
tory of sensitivity to contrast media since treatment for 
any untoward reactions can be instituted immediately. 

Intraoperative angiography prior to attempting vascu- 
lar reconstruction has real indications when preoperative 
Angiography could either not be performed, was techni- 
cally inadequate, or if runoff was not visualized. However, 
such instances should rarely occur with presently available 
angiography. Intraoperative angiography may also be re- 
quired to determine the optimal site for vascular recon- 
‘struction. Initial exploration, for.example, of the popliteal 
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Fig 4.—Unsuspected thrombi (arrows) in main channel of left ax- 
illobifemoral graft. 
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artery followed by intraoperative angiography may dis- 
close the need for relocating the distal anastomosis or per- 
haps even the futility of proceeding with a reconstructive 
procedure. * 

Intraoperative angiography performed after reconstruc- 





tion proved most helpful where bypass had been per- 
formed, particularly to one of the small leg arteries. Irh- 
mediate identification of technical errors at the suture 
line, platelet thrombi, previously unrecognized or 


unappreciated stenosing lesions just beyond the distal 


Fig 5.—Serial intraoperative angiograms in case of left axillofemoral profundoplasty. Runoff was increased as shown by thrombectomy just 
beyond distal anastomosis. Subsequent successful transmetatarsal amputation was performed. Graft patency has continued on follow-up of 


eight months. 


Fig 6.—Left, External carotid artery intimal flap occlusion (arrow) requiring separate flap excision and thrombectomy. Right, Second angio- 


gram confirms flow through external carotid system. 
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anastomosis, or rotation or kinking of the graft enables 
immediate correction. Subsequent or unrecognized graft 
failure is thus obviated. Unrecognized bleeding can also be 
found if extravascular pooling of the contrast medium oc- 
curs, particularly at sites remote from insertion of the 
needle used for the angiogram. The value of intraopera- 
tive angiography in cases of vascular trauma is also evi- 
dent, particularly to avoid constricting anastomosis in me- 
dium-sized or small arteries and to delineate unrecognized 
areas of injury. 

Two distinct patterns emerged from our experience 
with intraoperative angiography for embolectomy or 
thromboembolectomy (group 3). If preoperative angiogra- 
phy demonstrated a clear-cut embolus and if the operator 
could remove the clot corresponding to the roentgen- 
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Fig 7.—Preoperative and serial intraoperative angiograms depicting residual thrombus re- 
quiring extensive common femoral and profunda femoris thrombectomy. 





ographic defect, further intraoperative studies yielded no 
further information. However, in complex situations char- 
acterized by associated atherosclerosis, low flow, multiple 
occluded arteries, or retrieval of copious thrombus, intra- 
operative angiography can be extremely helpful. For ex- 
ample, unsuspected thrombosed popliteal aneurysms were 
detected in two cases by transfemoral intraoperative an- 
giography. Possible mechanisms of thrombus formation 
may also be elucidated in situations such as low flow in 
a normal artery or low flow in an atherosclerotic artery. 
Either of these conditions may be symmetrical or asym- 
metrical, occlusive or nonocclusive.* 

The one area in which our positive yield was minimal 
was in group 2 patients undergoing endarterectomy pro- 
cedures. This may be because these procedures are gener- 





Fig 8.—Popliteal aneurysm depicted by in- 
traoperative angiography after continued 
extraction of copious thrombus by trans- 
femoral route. 


Fig 9.—Left, Distal embolic occlusion of posterior tibial artery following bypass (not shown) to upper posterior tibial artery. Right, Correc- 
tion performed successfully with balloon catheter. 
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Fig 10.—Intraoperative angiogram performed after routine saphe- 
nous vein femoropopliteal bypass. Collection of blood (bottom ar- 
row) due to unrecognized severed artery (top arrow). 


ally performed on medium to large-sized arteries under 
total vision and complete control of the artery. Small 
amounts of debris or platelet thrombi that are undoubt- 
edly present probably account for a very small fraction of 
the residual lumen and probably are not visible on most 
angiograms. Nevertheless, we believe it is important to 
continue to obtain objective verification of lumen patency 
as well as being assured of the absence of distal intimal 
flaps and atherosclerotic debris. 

Our experience in detecting defects at surgery in 17.4% 
of our cases is comparable to the experience of others. 
Blaisdell et al° reported a 26% incidence of technical errors 
in 100 carotid endarterectomies. Renwick et al’ detected 
technical defects in 15 of 55 patients (27%) undergoing 
routine intraoperative angiography. Success was main- 


tained in all of these patients following correction. In an- 


other group of 55 patients in whom intraoperative angiog- 
raphy was not performed, ten (18%) required reoperation 
in the early postoperative period because of graft closure. 
Of these, three ultimately failed and required amputation. 
Dickson et al? performed intraoperative angiography af- 
ter plethysmography showed a diminution in blood flow. 
However, the simplicity and availability of intraoperative 
angiography supports the use of this approach as an es- 
sential routine. Stoney et al reported a 20% incidence in 
99 femoropopliteal reconstructions and Plecha and Pories® 
a 24% incidence in a variety of arterial reconstructive pro- 
cedures. The latter were able to maintain success in 34 of 
the 43 revisions (79%) that were done prior to wound clo- 
sure. Our success rate following revisions based on intra- 
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operative angiography is strikingly similar (77.8%). It 
must be emphasized that intraoperative angiography is no 
substitute for preoperative studies. We perform preopera- 
tive angiography in virtually all cases and, in fact, dis- 
covered a group of patients with nonocclusive ischemia for 
whom surgery is contraindicated.* We also believe that in- 
traoperative angiography should be performed routinely 
with vascular reconstructions. The information gained en- 
ables identification and immediate correction of abnor- 
malities. It also provides an index for predicting patency 
and indication for reoperation should early or late graft 
closure occur. 
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Editorial Comment 


Routine intraoperative arteriographic checking immediately af- 
ter an arterial reconstruction seems now to be in the state that 
routine cholangiography was some years ago. Everyone admits to 
its theoretical advantages, but not many hew rigidly to its per- 
formance. Considerations of the availability of radiological help, 
both technical and interpretive, and of hospital staffing and ex- 
pense, not difficult in large centers, but a problem in smaller ones, 
explain this discrepancy. Nevertheless, the lessons taught by Dar- 
dik and his collaborators should be taken seriously. We have come 
to the point where the whole team, including the radiologist and 
the operating room personnel should expect this as a routine end- 
ing-up procedure, to be looked on as cholangiography is now in 
gallbladder cases. The decision for its performance will not, then, 
loom as a hurdle, one more event at the end of a longer operation. 
One must quietly admit, however, that “unoffecial,” educated ex- 
ceptions will occasionally be made. It is hoped that it will not fall 
in the category of the mandatory basic requirements for vascular 
surgery now being formulated, which will surely influence the 
Professional Standards Review Organizations. Evolutionary 
changes in perspective are healthy, but they must be gradual. ® 

RICHARD WARREN, MD 
Boston 7; 
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Electrosurgical Excision 
of Full-Thickness Burns 


Randall J. Lewis, MD, William C. Quinby, Jr., MD 








Massive intraoperative blood loss and poor graft take have been many surgeons; (8) additional technical personnel are not w 
the major problems associated with early excision and immediate required; and (4) hazards are minimal and well defined. d 
cp t E ANJ ORTA burns. ee This report summarizes the experience with electrosur- g 

REE li Mocwosurgary; PAGTEN blood Seg virtually gery in the treatment of acute burns and in subsequent : i 
eliminated in a series of major burn excisions. Immediate graft take : : > A 

r i n reconstructive operations on burned patients. 4 

was excellent on electrosurgical wounds after primary burn excisions 4 
and in late reconstructive procedures. Simplicity, improved hemo- SUBJECTS AND METHODS i4 
stasia, good graft take, and the absence of special anesthetic require- Group 1: Acute Burns a 
ments make this method particularly applicable to the management a 
of patients with burn injury. All patients were admitted to the hospital shortly after thermal i 
burn injury. Initial resuscitation included appropriate fluid ther- i 

rly primary excision of full-thickness burns in one apy and penicillin. Burn indexes (burn index = percent of third-de- 

| i or more stages has been performed in many centers gree burn + 1⁄2 percent second-degree burn) ranged from 12 to 59, ' 4 
in an attempt to avert sepsis and achieve early wound clo- wer amoan “4 rb tol Aes burn involved 41% of thie Pedy sure A 
i é face area, with 32% third degree and 9% second degree. 4 
sure.'* The procedures often are extensive, and blood loss ; i ; | 
100% of the circulati , Patients ranged in age from 3 to 14 years, with a mean age of | 

may of tees r % ot the egies ating Sean’ ve Ose 18 7.5 years. Following adequate resuscitation, a program of total or A 
children.” Multiple transfusions add additional hazards to staged excision of areas of full-thickness burn injury was under- | 
those already present. Some authors`®? conclude that, be- taken. Nineteen excisions were performed in ten patients. All 4 


cause of blood loss and graft failures, excisional therapy 
should be limited to burns involving 15% or less of the 
body surface area. Specialized techniques such as air blast- 
ing" and laser excision’? have been employed experimen- 
tally in attempts to decrease intraoperative blood loss and 
provide dry wounds, suitable for immediate grafting. 
Electrosurgery has been shown to reduce blood loss and 
provide identical healing in matched operations. Apart 
from improved hemostasia, it offers several advantages 
over alternative techniques: (1) the equipment is univer- 
sally available; (2) the technique is simple and familiar to 
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areas of burn, including excised and grafted areas, were treated 
with 0.5% silver nitrate wet dressings. Patients were isolated in 
warm, humidified, laminar-flow isolation units. 

‘Operative Technique.—Where possible, primary excision was 
combined with harvesting of split-thickness autografts from un- 
burned areas. Many of the burns were so large, and the areas 
available as donor sites so limited, that repeated harvesting of au- 
tografts was sometimes required in a single patient. In 14 oper- 
ations, grafts averaging 0.03 cm in depth were taken at the begin- 
ning of the procedure using an air-driven dermatome. Donor sites 
were covered with scarlet red impregnated gauze under a com- 
pression dressing. The average donor site area was 14% of the 
body surface area. 

Excision of areas of full-thickness burn was performed using 
the electrosurgical unit (Bovie CSV), with spark gap cutting and 
moderate hemostasia (setting No. 2). Arterial tourniquets were 
not employed. Excision was carried out at the level of the fascia, 
removing the full thickness of skin and subcutaneous tissue and 
leaving a dry, fascial bed for immediate grafting.**"* Following 
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Fig 1.—Technique of electrosurgical excision. Assistant applies 
traction on flap of burned tissue to be removed. Electrode is held 1 
to 2 mm from tissue. Cutting is performed by spark. 


an original incision at the margin of full-thickness burn, the skin 
and subcutaneous tissue were raised as a large flap, with constant 
traction applied by the assistant. The lowest power setting of the 
electrosurgical unit that gave satisfactory cutting was employed. 
The active electrode is held 1 to 2 mm from the tissue, not drawn 
through it like a knife. Actual cutting is performed by the current 
(Fig 1). Small bleeding points were coagulated, being careful to 
minimize tissue necrosis. Larger vessels were ligated. 

Blood loss during operation was estimated by observation and 
sponge weighing. Expected loss into the dressing at donor sites 
was replaced. Hematocrit determinations were performed approx- 
imately 18 hours postoperatively, and it was assumed that major 
volume shifts had stabilized by that time. Blood replacement vol- 
umes recorded included intraoperative and postoperative transfu- 
sion, a more meaningful total than the replacement during anes- 
thesia alone. 


Group 2: Reconstructive Procedures 


Twenty-three procedures were performed in 16 patients. These 
consisted of release of contracted skin or excision of hypertrophic 


sear with immediate split-thickness autografting. The distribu- 


tion of the 23 releases and scar excisions was as follows: axilla, 
nine; arm, five; elbow, three; neck, three; ankle, two; and abdomen, 
one. One to four split-thickness grafts were taken at the time of 
surgery to cover the excised or released bed. 

Operative Technique.—The initial incision was made using the 
electrosurgical unit or scalpel. Utilizing a technique similar to that 
described above, hypertrophic scar was excised or adherent scar 
released from underlying tissues to the point where skin contrac- 
ture no longer limited joint motion. Any subcutaneous tissue pres- 


_ ent beneath the scar was preserved, in contrast to the primary ex- 


cisions. Split-thickness grafts were obtained using the air-driven 
dermatome and held in position on the excised bed with a running 
4-0 chromic suture at the periphery. A cotton stent, covered with 
nonadherent gauze, was tied tightly over the graft and removed 
after seven days. 


RESULTS 
Acute Burns 


Clinical data from ten patients with acute burns are 
summarized in the Table. There were no deaths. Excisions 
were performed between the third and 13th postburn day. 
The mean interval between burn injury and excision was 
seven days. Fourteen of 19 excisions were performed six 
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surface area and general ved the hands or a single 
extremity. Twelve excision ged from 11% to 18% of 
the body surface area and géerally involved a large por- 
tion of the trunk. Autografts were applied immediately 
following 17 of 19 excisions, with supplemental fresh or 
frozen” homografts used to cover excised areas for which 
no autograft was available. Any autograft skin not uti- 
lized was frozen and retained for future use. 

No patient had substantial change in vital signs or 
other indications of hypovolemia following surgery. Only 
one patient had substantial blood loss after surgery, los- 
ing between 500 and 1,000 mill from arterial bleeding in the 
axilla the night of the operation. In the 14 excisions with 
simultaneous cropping of skin grafts, the average esti- 
mated blood loss was 940 ml and the average replacement 
was 1,200 ml of whole blood or the equivalent. The average 
change in hematocrit reading from preoperative values 18 
hours following surgery was +1%. In five excisions with- 
out simultaneous cropping, the average estimated blood 
loss was 290 ml. Mean replacement was 500 ml of whole 
blood, and the average change in hematocrit reading 18 
hours following surgery was +2%. The average area ex- 
cised in both groups was equal: 11% of the body surface 
area. 

Take of skin grafts was noted and documented by pho- 
tographs. The average autograft take on the trunk was 
97%. The average take on the extremities was 78%. Homo- 
grafts were changed after a few days and not allowed to 
proceed to rejection. 


Reconstructive Procedures 


In 23 procedures, the average estimated blood loss was 
100 ml. No patient required transfusion. The average take 
of split-thickness grafts on the electrosurgically excised 
bed was 95%. Complete or virtually complete take occurred 
in 20 of 23 procedures. In three cases, there was a loss of 
10%, 30%, and 50%, respectively, of the graft. Immediate 
regrafting of the 30% and 50% areas of loss resulted in 
complete takes. The 10% loss occurred as multiple punctate 
areas of graft loss as described by MacMillan and was 
not regrafted. It was the only incidence of this type of 
graft loss in our series and was probably due to excessive 
coagulation of bleeding points. 


COMMENT 


Primary electrosurgical excision of burns, combined 
with topical silver nitrate therapy and supportive care, 
was a safe, effective regimen in this series. No deaths oc- 
curred, probably due in part to early rémoval of necrotic 
tissue and closure of burn wounds. Althotgh most of the 
procedures were performed six or more days following 
burn injury, at a time when secondary hyperemia results 
in greatly increased blood loss with cold knife excisions,° 
massive blood loss was generally not encountered using 
electrosurgery. Large excisions can be performed with re- 
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Patient 
Sex / 
Age, 
yr 


M/3 
F/4 


M/4 


F/12 
M/12 
M/14 


% % 
Second- Third- % 
Degree Degree Total 
Burn Burn Burn 


0.5 12 12:5 
6 


4.5 
32.5 
14.5 


* Postoperative arterial bleeding. 


Clinical Data in 19 Excisions 
ne an nes a ne 


% 
Body 


Surface Post- 


Area burn 


Excised Day Site 


11 Legs 


6 Chest 
10 Abdomen 


Chest 
Arms 


Arm/back 
Arm 
Legs 
Legs 


Fig 2.—Nine-year-old boy with third-degree burns of chest and 
arms, treated by primary excision and grafting, two weeks post- 
excision. Right side was excised with scalpel, left with electrosurgi- 


cal unit. 
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Fig 3.—Patient in Fig 2 one year postexcision. 
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placement of approximately 500 ml of whole blood or less, 
and slightly more than 1,000 ml if split-thickness grafts 
are taken during the same procedure. In general, blood 
loss was greater when the surgeon was not experienced 
with electrosurgical technique, and probably can be sub- 
stantially reduced as the surgeon’s familiarity with it in- 
creases. 

Rapid achievement of wound closure is the ultimate aim 
of primary incision. The suitability of an electrosurgically 
excised bed for grafting is, therefore, an important factor 
in the evaluation of the technique. Sepsis, motion, and 
hematoma beneath the graft have historically been the 
principal causes of graft loss.’ Silver nitrate-soaked 
dressings applied over the grafts helped prevent graft loss 
due to sepsis in our patients. Hematoma, leading to loss of 
grafts, was not encountered following electrosurgery, ex- 
cept in one case where, through technical error, a small ar- 
tery was not ligated. This good postoperative hemostasia 
is one of the major advantages of the technique. Where 
grafts were placed on a relatively immobile area, such as a 
trunk, the graft take on electrosurgically excised beds 
averaged 97%. On the extremities, where there was more 
motion, graft take was reduced to 78%. Loss of grafts oc- 
curred whether the extremities were immobolized with 
splints or by skeletal traction. Our data suggest, in con- 
trast to MacMillan’s findings,"* that graft take is identical 
on beds excised with the scapel and the electrosurgical 
unit, and the factors leading to graft loss are similar with 
both techniques. 

Figures 2 and 3 illustrate comparative early and long- 
term results of the two methods in a single patient. This 


9-year-old boy had primary excision performed with 
electrosurgery on the right side of the thorax and abdo» 
men and on the dorsum of the right forearm. Essentially 
identical areas on the left side were excised simultane- 
ously with a scapel. Both sides were grafted immediately. 
The blood loss during excision of the left side of the chest 
and abdomen with a scapel was 800 ml and 200 ml for exci- 
sion of the right side using electrosurgery. Figure 2 shows 
the excised and grafted areas two weeks postoperatively 
and Fig 3 shows the same patient one year after surgery. 
Immediate graft take and ultimate cosmetic results were 
identical on the two sides. 

The group of reconstructive procedures demonstrates 
further that electrosurgery provides a favorable bed for 
grafting. Here the factors of sepsis and altered host me- 
tabolism seen in acute burns are absent. The average 
graft take in 23 procedures was 95%. There was no graft 
loss due to bleeding or sepsis, and the two cases with cir- 
cumscribed areas of graft loss were probably the result of 
motion beneath the grafts at the elbow and axilla. 


CONCLUSION 


Electrosurgical excision is a practical and effective tech- 
nique in the treatment of burns. It allows major excisions 
without massive blood loss or prolonged anesthesia, and 
provides a favorable bed for immediate grafting. It is safe 
in the presence of nonexplosive anesthetics and requires 
minimal training for its effective application. Specialized 
equipment, hypotensive anesthesia, and additional techni- 
cal personnel are not required, making the technique prac- 
tical in any hospital setting. 
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Editorial Comment 


Excision of full-thickness burns is a well-known technique that 
is recognized as resulting in excellent primary homograft takes, 
especially on the extremities. The authors present an average take 
for extremity grafts of 78%, which is not above average. On the 
trunk, however, the percentage take was excellent (97%), although 
the resulting cosmetic deformity not ideal. 

The age of this series of burn patients falls in a good-risk popu- 
lation group. Furthermore, in only one instance was more than 
15% of the body surface area subjected to primary electrosurgical 
excision and grafting. In view of these considerations, blood loss, 
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in distinction of the authors’ contention, did not seem low in cer- 
tain instances. These were presumably in truncal excisions, since 
blood loss on the extremities is easily controlled, with tourniquets. 
What is needed, of course, is a controlled investigation in order, 
to compare electrosurgical excision with other methods, with re- 
gard to both blood loss and the results of skin grafting. The tech- 
nique is surely an entirely acceptable and useful one, but more ex- 
perience is needed. ° 


GARDNER W. SMITH, MD 


Baltimore | 
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tion solutions and the placement and care of catheters be accomplished 
under controlled aseptic conditions. 

Total parenteral nutrition solutions should be used promptly after mixing 
Any storage should be under refrigeration and limited to a few days. Adminis- 
tration time for a single bottle and set should never exceed 24 hours 

3. Metabolic: The following metabolic complications have been reported: 
metabolic acidosis, hypophosphatemia, alkalosis, hyperglycemia and glyco- 
sura, osmotic diuresis and dehydration, rebound hypoglycemia, elevated 
liver enzymes, hypo and hypervitaminosis, electrolyte imbalances, hyper- 
ammonemia in children, and allergic manifestations if a protein hydrolysate 
is used. FreAmine II 8.5% contains adequate phosphate (20 mEq./I.) to 
maintain norma serum phosphorus levels in most patients. Some patients 
may require add tional phospnate 

Adverse Reactions: See Warnings and Special Precautions of Hyperalimen- 
tation. Local reactions consisting of a warm -sensation and erythema have 
been reported wnen FreAmine and hypertonic dextrose were administered by 
peripheral vein 

Dosage and Administration: Daily doses of approximately 1.0 to 1.5 g. per 
kilogram of body weight for adults and 2 to 3 g. per kilogram of body weight 
for infants are generally sufficient to satisfy protein needs and promote posi- 
tive nitrogen balance although higher doses may be required in severely 
catabolic states. Such higher doses, especially in infants, must be accom- 
panied by more frequent laboratory evaluation. Adequate calories must be 
provided simultaneously. Calorie-to-nitrogen ratios of at least 100 to 150 non- 
protein calories per gram of nitrogen have been recommended to achieve 
positive nitrogen balance. The provision of sufficient intracellular electrolytes, 
principally potassium, magnesium, and phosphate, is also required for opti- 
mum utilization of amino acids. In addition, sufficient quantities of the major 
extracellular electrolytes, sodium, calcium, and chloride, must be given. Care 
must be taken to avoid incompatible electrolyte mixtures. Infusate levels of 
10-15 mEq./I. of phosphate, 5 mEq./I. of calcium, and 5-10 mEq,./I. of magne- 
sium rarely are incompatible when properly mixed. If a patient's nutritional 
intake is primarily parenteral, vitamins, especially the water-soluble vitamins, 
should also be provided 

In adults, hypertonic mixtures of amino acids and dextrose may be safely 
administered only by continuous infusion through a central venous catheter 
with the tip located in the vena cava. For optimal nitrogen utilization, 500 mi 
of FreAmine II 8.5%, appropriately mixed with dextrose, electrolytes, and 
vitamins, is typically administered over an eight-hour period. If administra- 
tion rate should fall behind schedule, no attempt to “catch up"’ to planned 
intake should be made. In addition to meeting protein needs, the administra- 
tion rate is also governed, especially during the first few days of therapy, by 
the patient's glucose tolerance. Daily intake of amino acids: and dextrose 
should be increased gradually to the maximum required dose as indicated by 
frequent determination of urine and blood sugar levels 

In many patients, provision of adequate calories in the form of hypertonic 
dextrose may require the administration of exogenous insulin to prevent 
hyperglycemia and glycosuria. To prevent rebound hypoglycemia, a solution 
containing 5% dextrose should be administered when hypertonic dextrose 
infusions are abruptly discontinued 

Pediatric Dosage and Administration: Smal! infants (up to 10 kg.) on total 
parenteral nutrition generally receive 2 to 3 g. of protein, 100 calories, and 
120 to 150 ml. of fluid pegkg. of body weight per day. This can be provided 
in a solution containing approximatley 2V¥e% FreAmine IL and 20% dextrose. 
However, because physfological changes occur rapidly in small infants, the 
daily dose of nutrients should initially be increased slowly with frequent 
monitoring of pertinent clinical and metabolic parameters. (See Warnings 
above) Large infants (over 10 kg.) and children require fewer calories; gen- 
erally 50 to 80 calories per kg. per day is sufficient. 

Route: Intravencus. 

Cation: Federa (U. S.A.) law prohibits dispensing without prescription. 
How Supplied: FreAmine II 8.5% is supplied sterile and nonpyrogenic in 
500 mi. intravenous infusion bottles packaged alone and in Parenteral Hyper- 
alimentation Kits. s 
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Lateral Knee Compartment Osseous 


Pseudoligamentous Instability 


Vincent A. Scudese, MD, Michael Scudese 


Five occurrences of intra-articular lateral knee compartment os- 
seous pseudoligamentous instability associated with three cases of 


_ fractures of the posterior lateral femoral condyle are reported. The 


instability being located within the knee joint region was termed 
false in that it was due to fracture instability rather than the usual 
ligamentous, or true, instability. The main clinical diagnostic guide 
to this type of instability was a positive manual straight-knee adduc- 
tion snap-click test that consisted of an initial snap followed in se- 
quence by a click on release of adduction. The positive adduction 
snap-click test is an adjunct to the roentgenographic recognition of 
lateral knee compartment osseous pseudoligamentous instability. 


oath lateral knee instability has presented many 
problems that require solution if diagnosis is to be 
successful. One of the difficult aspects in diagnosis has 
been to differentiate lateral knee compartment osseous 
pseudoligamentous instability from that of lateral knee 
compartment true ligamentous instability. Manual tests 
for the detection of lateral knee compartment instability 
have lacked specificity and are generalized.' The reasons 
for this are multiplicity of diseased structures,’ lack of in- 
terpretation of the observed pathologic and roentgen- 
ographic findings, failure of detection of abnormality, un- 
correlated operative and physical findings, difficulty in 
devising appropriate tests,’ and a lack of agreement on 
the definition of lateral compartment instability.’ 

It is the purpose of this article to report on a clinical test 
for the diagnosis of lateral knee compartment osseous 
pseudoligamentous instability. The association of lateral 
knee compartment instability and posterior lateral fem- 
oral condyle fractures has not been emphasized in the or- 


Accepted for publication Sept 18, 1974. 

From the New Jersey Medical School, College of Medicine and Dentistry 
of New Jersey, Newark, NJ (Dr. V. Scudese). 

Reprint requests to New Jersey Medical School, 100 Bergen St, Newark, 
NJ 07103 (Dr. V. Scudese). 


198 ‘Arch Surg/Vol 110, Feb 1975 


thopedic literature. To our knowledge, this type of lateral 
knee compartment instability has not been reported. 


REPORT OF CASES 


Case 1.—A 40-year-old man was admitted to the hospital on 
April 28, 1964, following a fall down the stairs. Ke landed on the 
right side of his leg, after having caught his foot in between the 
rungs of the stair railing. The leg was externally rotated. Swelling 
was present along the lateral aspect of the extremity. No abra- 
sions were present. Straight-leg adduction manipulation revealed 
20° of abnormal mobility that was associated with an initial snap 
followed by a click sensation on adduction release. A negative 
drop-knee test was evident in the absence of abduction instability. 
Manual anterior deviation of the 90° flexed tibia did occur follow- 
ing medial rotation of the tibia. Routine roentgenograms revealed 
a fracture of the lateral femoral condyle (Fig 1). Results of a 
neurovascular examination were normal. A lateral knee compart- 
ment osseous pseudoligamentous instability was diagnosed. A cyl- 
inder cast was applied for six weeks. A positive adduction insta- 
bility snap-click test was present following plaster removal. 
Surgery was selected for the purpose of internal fixation and bone 
grafting. A shear fracture of the lateral posterior femoral condyle 
was identified. The fracture was reduced and bone grafted. An au- 
tologous cancellous iliac bone graft was followed by threaded-pin 
fixation and a long-leg plaster cast. Complicated healing occurred 
with instability and a positive adduction snap-click test due to 
nonunion. 

Case 2.—A 42-year-old man was admitted to the hospital May 4, 
1965, following a fall down the stairs. The patient stated that his 
foot became caught on the stairs while his body tumbled forward. 
The leg was externally rotated. Pain and swelling were present 
across the lateral aspect of the right knee jomt. Straight-leg ad- 
duction manipulation revealed 25° of abnormalemobility that was 
associated with an initial snap followed by a click sensation on ad- 
duction release. A negative drop knee test was evident in the ab- 
sence of abduction instability. Manual anterior deviation of the 
90° flexed tibia did occur following medial rotation of the tibim. 
Routine roentgenograms revealed a fracture of the lateral condyle 
(Fig 2). Results of a neurovascular examination were normal. A 
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Fig 1.—Fracture of lateral femoral condyle (case 1). Frontal (left) and lateral (right) views. 


Fig 2.—Fracture of lateral femoral condyle (case 2). Frontal (left) and lateral (right) views. 
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Fig 3.—Fracture of lateral femoral condyle (case 3). Frontal (left) and lateral (right) views. 


lateral knee compartment osseous pseudoligamentous instability 
was diagnosed. A cylinder plaster cast was applied for six weeks. 
A positive adduction instability snap-click test was present follow- 
ing cast removal. Exploratory surgery was selected with the in- 
tention of internal fixation. A shear fracture of the lateral poste- 
rior femoral condyle was identified. The fracture was reduced and 
immobilized with threaded pins and a plaster cast. Examination 
one year later revealed chronic adduction instability and a posi- 
tive adduction snap-click test due to nonunion. There was full ex- 
tension but flexion was restricted at 130°. The patient did not re- 
turn for further treatment. 

Case 3.—A 30-year-old man was admitted to the hospital June 
10, 1966, following a fall down the stairs. The patient stated that 
his foot became caught on the stairs and he fell down. The leg was 
externally rotated. The lateral aspect of the left knee was swollen 
and painful. Straight-leg adduction manipulation revealed 20° of 
abnormal mobility associated with an initial snap, followed by a 
click sensation with adduction release. A negative drop-knee test 
was evident in the absence of abduction instability. Manual ante- 
rior deviation of the 90° flexed tibia did occur following medial ro- 
tation of the tibia. Routine roentgenograms revealed a fracture 
of the lateral femoral condyle (Fig 3). The neurovascular system 
was normal. An intra-articular lateral knee compartment osseous 
pseudoligamentous instability was diagnosed. Three days later, 
the lateral aspect of the knee was exposed via a long lazy S skin 
incision. A posterior lateral condyle femoral shear fracture was 
identified and treated by reduction with threaded pins. The ex- 
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tremity was immobilized in a long-leg plaster cast. Healing oc- 
curred without complications. There was full anatomical and func- 
tional recovery. 


COMMENT 


The increase in athletic knee ligamentous instability in- 
juries and the importance of ligamentous plication for 
ligamentous laxity as an adjunct to osteotomies at the 
knee for arthritis has brought into focus a variety of in- 
stability terms such as lateral knee compartment instabil- 
ity, extra-articular lateral knee compartment instability,” 
and true lateral knee compartment instability. The term 
intra-articular lateral knee compartment osseous pseudo- 
ligamentous instability used in this article is an addition, 
and is used at this time when the instability is the direct 
result of an intra-articular posterior lateral femoral con- 
dyle fracture in contradistinction to the usual true lateral 
knee compartment instability due to dftrect involvement 
of the lateral collateral and/or capsular ligaments and the 
iliotibial band.’ 

Lateral knee compartment osseous pseudoligamentous 
instability was identified by means of an adduction rock- 
ing snap-click test. The test was performed with the pa- 
tient in the supine position and maintaining the knee 
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joint in extension. The thigh was fixed with the exam- 
iner’s one hand, while the other hand manipulated the leg 
into adduction in a rocking fashion.: Adduction was asso- 
ciated with an initial snap. Adduction release produced a 
click. In a continuous rhythmic adduction maneuver, ie, 
adduction rocking, a sequential snap-click was produced. 
Test performance was assured when adduction and snap 
precluded adduction release and click. The adduction rock- 
ing snap-click test was reproducible and, therefore, diag- 
nostic. The adduction click-snap test associated with 
medial compartment degenerative arthritis must be 
excluded. In the presence of medial compartment degen- 
erative arthritis, adduction produced a click due to sub- 
chondral osseous contact, whereas adduction release was 
associated with a snap due to condyle separation. 

The occurrence of lateral knee compartment instability 
following an injury about the knee should alert everyone 
to the possibility of intra-articular lateral knee compart- 
ment osseous pseudoligamentous instability associated 
with a posterior lateral femoral condyle fracture. Other 
causes of adduction instability at the knee, such as the lat- 
eral fracture of the tibial condyle, the lateral vertical frac- 
ture of the femoral condyle, lateral ligament and iliotibial 
band tears, ruptures of the tendon of the gastrocnemius 
and biceps femoris, and neuropathic knee arthropathy, 
must be considered and excluded. Normal roentgenograms 
preclude instability due to lateral vertical femoral condyle 
and lateral tibial condyle fractures. Tears of the iliotibial 
band, of the lateral ligament, and of the biceps and gas- 
trocnemius tendons are not associated with a positive 
snap-click test and, therefore, can be ruled out. Normal se- 
rologic findings and roentgenograms and undisturbed 
proprioception preclude the diagnosis of neuropathic 
arthropathy. 

The operative findings in the three reported cases dem- 
onstrated posterior displacement of a transverse frac- 
ture of the lateral femoral condyle without lateral dis- 
placement. The fracture surfaces were sharp and sheared. 


+4 
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In cases 1 and 2, there was evidénce of little fibrous tissue 
lining the surfaces. A fresh hematoma was present within 
and about the acute fracture in case 3. The exterior frac- 
ture surface was located immediately above'the insertion 
of the lateral collateral ligament. The interior view of the 
posterior aspect of the knee joint demonstrated the bev- 
eled medial edge of the distal fracture fragment to be lo- 
cated distal and lateral to the insertion of the anterior 
cruciate ligament. The main supporting structures, such 
as the posterior lateral capsule, fibular collateral ligament, 
iliotibial band, anterior cruciate, posterior cruciate, and 
the tendons of the popliteus and biceps femoris, were in- 
tact. Peroneal nerve explorations showed no evidence of 
hemorrhage or disruption. The application of an external 
force directed posteriorly at the upper end of the acutely 
flexed tibia in the presence of the reduced fracture re- 
sulted in the usual posterior preoperative displacement 
and correlated the patient’s history with the underlying 
biomechanics. Fracture reduction followed manipulation 
of the knee into a position of internal rotation and acute 
flexion. The oblique direction and coronal plane of the 
fracture permitted the fracture fragment to become 
locked in position following reduction. Fracture reduction —_ 
restored the lateral length of the femur and precluded ab- | 
duction instability with the knee in flexion.” The observed = 
negative drop-knee test was attributed to the intact pos- 
terior capsule and posterior cruciate ligament. Observa- $ 
tions following manipulation of the extended knee re- e 
vealed a snap associated with an initial separation of the 
fracture surfaces and the subsequent production of an in- ) 
tra-articular lateral-based angular gap. Release of adduc- 
tion was followed by reduction in the size of the angular 
gap, then fraction contact, and simultaneous click. The ad- 
duction rocking positive snap-click test was reproducible. . 

There was no mention of lateral knee compartment in- 
stability in the article by Zettas,’° which reported a single 4 
case of posterior fracture of the lateral femoral condyle. ; 
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Experimental Surgery 


Canine Kidney Preservation 


for 24 to 72 Hours 


Use of Intracellular-Like Perfusate 
Juan J. Aguilo, MD; John E. Woods, MD; Keith E. Holley, MD 


For universal application and usefulness, methods of renal preser- 
vation need simplification. Recent studies using initial brief perfu- 
sion with, and storage in, an intracellular, hyperosmolar type of per- 
fusate have suggested the feasibility of this simple method. In the 
present study, 49 nephrectomized dogs received 16, 19, and 14 renal 
autografts preserved for 24, 48, and 72 hours, respectively, by this 
simple method. Long-term survivors in the three groups were seven 
of 16, ten of 19, and seven of 14, with return to normal or near-nor- 
mal function. This method of preservation offers promise for wide 
clinical application in the near future. 


enal preservation has been successfully achieved 
for varying periods of time by a number of different 
techniques.’ Experiments in this and other laboratories 
have been successful in preserving kidneys from 24 to 168 
hours using pulsatile perfusion.** 

Although the initial enthusiasm for this method is still 
present, the requirements for expensive equipment, 
skilled personnel, and costly perfusates have lent impetus 
to the search for a more simple and economical system of 
preservation. An increasing number of reports indicate 
that progress is being made using the technique of initial 
flush and storage under hypothermic conditions. Several 
different electrolyte solutions have been used in these ex- 
periments, which have produced successful preservation 
for periods as long as 72 hours. 

In 1969, Collins et al? made a definite contribution 
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toward realizing international or long-distance inter- 
change of organs by a simple method of initial perfusion 
and surface cooling alone for periods of 24 to 30 hours. 
They used the so-called C, solution, composed of potassi- 
um dihydrogenphosphate, potassium monohydrogenphos- 
phate, potassium chloride, sodium bicarbonate, procaine 
hydrochloride, and heparin sodium. 

This solution was compared in our laboratory with lac- 
tated Ringer solution and filtered plasma and proved to be 
the superior perfusate." Two years later, Sacks et al' pub- 
lished their experience using a hyperosmolar intracellular- 
like electrolyte solution in preserving kidneys successfully 
for 72 hours. 

Anticipating application of this method in our clinical 
transplant program, we have recently attempted to con- 
firm and extend the work of Sacks and associates. 


MATERIALS AND METHODS 


Forty-nine healthy female mongrel dogs weighing between 12 
and 20 kg were divided into three groups, depending on the length 
of the preservation time: group A (16 animals) for 24 hours, group 


Table 1.—Sacks Solution Il (430 mOsm/ Liter, pH 7.0 at 2 C) 










Grams per , Milliequivalents 
Components Liter per Liter 
KH,PO, 4.76 K* 126 - 












K,HPO,3H,0 9.70 Nat 14 








KHCO, 2.30 PO, 120 
NaHCO, 1.26 Ci- 16 
MgCl, (2 mEq/ml) HCO, 20 






37.50 Mg** 


Mannitol 
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Table 2.—Group A: 16 Dogs With Kidneys Preserved for 24 Hours, Seven Survivors >30 Days 





Serum Creatinine, mg/dl* 










































Dog Reimplantation Postoperative Maximum nie 
No. Day 1 to 3 Days Value Final Cause of Death 
1 1 2.75 2.75 0.9 
2 1.05 3.85 9.3 1.05 
3 1.3 2.4 2.4 1 Fea | 
4 1 2.35 2.35 0.95 
5 1.15 4.80 16.0 Died ninth day Thrombosed artery 
6 1.25 5.1 8.55 Died seventh day Undetermined 
7 0.95 1.05 10.5 Died seventh day Thrombosed vein 
8 0.95 2.15 2.15 0.85 
9 0.08 2.1 10.5 Died seventh day Thrombosed vein 
10 0.95 3.80 135 Died eighth day Thrombosed vein 
11 0.9 1.50 1.85 0.9 
12 0.9 Died second day Bowe! volvulus 
13 0.95 tr 3 2.05 0.8 
14 L15 2.8 3.2 Died 14th day Undetermined 
15 1.2 2.3 2.3 Died 14th day Undetermined 






{i 
Oo 


1.85 Died 12th day Thrombosed vein 















* Average survivor’s maximum creatinine value: 3.25 mg/dl. 


Table 3.—Group B: 19 Dogs With Kidneys Preserved for 48 Hours, Ten Survivors >30 Days 


Serum Creatinine, mg/dl* 


An See nas ae Ie 
Reimplanta- Postoperative Maximum 
tion Day 1 to 3 Days Value Final Cause of Death 


1.05 4.05 i Died seventh day Thrombosed artery 
1.35 3.8 ; 1.55 
L.1 3.35 . 1.05 


$8 


WIN 





TR 1.25 ; 4 1.2 a 
5 0.9 Died seventh day Undetermined ve 
6 1.15 : ; Died 12th day Bowel intussusception 
7 1.25 Died sixth day Undetermined a 
8 1.1 ‘ Died 14th day Thrombosed vein a 
9 1.15 : ; Died sixth day Bowel intussusception E 

1.3 $ : Died eighth day Bowel intussusception t 
1:25 
Died sixth day Bowel intussusception 
| 
j 
A 
1.4 f= 
Died tenth dav Thrombosed vein 4 





* Average survivor's maximum creatinine value: 4.01 mg/dl. 
t Serum creatinine value taken 21st day. 
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B (19 animals) for 48 hours, and group C (14 animals) for 72 hours. was completed. The kidney was placed immediately in Sacks solu- 
The dogs were anesthetized using pentobarbital (Nembutal) so- tion, made in our laboratory at 2 C, and perfused with that solu- 

dium and intubated. Hydration was ensured by use of 100 ml/kg tion through the previously cannulated renal artery from a height oe 

of 5% dextrose in 045% saline. Nephrectomy was done without of approximately 100 cm. Two hundred milliliters of perfusate 

any attempt to aveid manipulating the kidney. When the ureter were flushed through the kidney over a period of five minutes. 


and vessels were dissected free, the ureter was divided near the The kidney was immersed in 1,000 ml of the same intracellular- a 
bladder. A bolus of 12.5 gm of mannitol was given intravenously like hyperosmolar solution and maintained at 2 C for 24, 48, or 72 yA 
at that time. Clamping and dividing the renal artery and vein hours. At the end of this time, reimplantation into the right iliac A 
wêre done only after kidney tonicity was firm and the flow of fossa was carried out after contralateral nephrectomy. During = = 
_ urine from the ureter was definite and persistent. This status usu- this procedure the dogs were well hydrated with 100 ml/kg of 4 
ally was achieved within one to five minutes after the dissection weight of 5% glucose in 0.45% saline solution. K 
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Table 4.—Group C: 14 Dogs With Kidneys Preserved for 72 Hours, Seven Survivors >30 Days 


<< LL LLL 


Serum Creatinine, mg/dl* 


Reimplanta- Postoperative 


WIND] = 
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* Average survivor's maximum creatinine value: 5.75 mg/dl. 


All vascular anastomoses were completed within 30 minutes. 
The ureter was anastomosed to the bladder through a simple inci- 
sion in the dome of the bladder by the fishmouth technique. An in- 
travenous bolus of 12.5 gm of mannitol was given before revascu- 
larization. Renal function was evaluated by measuring the serum 
creatinine level after transplantation twice a week for the first 
week and every other week thereafter. Dogs were considered sur- 
vivors after four weeks and were killed after renal biopsy exami- 
nation. 

The composition of the solution used is given in Table 1, having 
an osmolality of 480 mOsm and a pH of 7.0. It was identical to the 
one used by Sacks and associates' in their report, and is called 
Sacks II. 


RESULTS 
Group A 


This group was composed of 16 dogs with kidneys pre- 
served for 24 hours (Table 2). Seven dogs survived more 
than four weeks with adequate renal function. The serum 
creatinine value returned to prereimplantation levels or 
less in all of them by the time of death. There was a high 
percentage of vascular complications in this first group, 
with four venous and one arterial thromboses. But even 
these kidneys sustained function for a week or more, ex- 
cept in one dog that died of bowel volvulus on the second 
day. Three dogs died of undetermined causes. 

The average maximum creatinine value in the survivors 
of this group was 3.25 mg/deciliter. However, the second 
survivor, dog 2, had a serum creatinine of 9.30 mg/dl, rais- 
ing this average considerably. 


Group B 


This group was composed of 19 dogs with kidneys pre- 
served for 48 hours (Table 3). Ten dogs survived more than 
four weeks. In most of them the highest creatinine value 
was recorded on the first three days after reimplantation. 
Six of the survivors had a creatinine determination lower 
than or equal to the value on the reimplantation day and 
in the other four the level was 0.1 mg/dl higher at most. 
The average maximum creatinine value was 4.01 mg/dl. 
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Maximum 


Final Cause of Death 

Died 12th day Undetermined 

1.65 

1.3 

Died tenth day 
1.05 

Died fourth day 

1.35 

Died 12th day 

Died eighth day 

Died eighth day 

1.0 

Died 12th day 


Thrombosed vein 
Thrombosed vein 
Undetermined 
Intussusception 


Undetermined 


Thrombosed vein 





Kidney at time of killing four weeks postreimplantation after 72- 
hour preservation. Normal glomerulus and convoluted tubules 
(PAS, reduced from x 250). 


Intussusception was the cause of death in four dogs. 
Three died of late vascular anastomotic accidents. Three 
dogs died of undetermined causes. 


Group C 


This group was composed of 14 dogs with kidneys pre- 
served for 72 hours (Table 4). There were seven survivors 
for four weeks or more. The maximum value of serum cre- 
atinine in this group was higher than that in the other 
groups, as expected: 5.75 mg/dl (averagé) in the survivors. 
The causes of death in the seven dogs that died were sint-~ 
ilar to those seen in the other groups. Three died of late 
vascular accidents and one of bowel intussusception. 

The Figure shows a typical specimen of a 72-hour pre- 
served kidney. Biopsy examination was performed more 
than four weeks after reimplantation. 
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COMMENT 

‘Though success was not consistent in this study, the 
long-term survival of seven, ten, and seven dogs depen- 
dent on kidneys preserved for 24, 48, and 72 hours, respec- 
tively, after using hyperosmolar, intracellular-type solu- 
tion flush and storage, indicates the potential value of this 
method. 

If anything, preserving and maintaining postreimplan- 
tation renal function are more difficult in the dog than in 
the human, where constant monitoring of output and ap- 
propriate adjustment of intake and diuretics are possible. 
In addition, the fragility and size of the vessels in dogs 
lend themselves to a greater incidence of thrombosis than 
those commonly seen in clinical experience. It would seem, 
therefore, as suggested by Sacks et al, that this type of 
solution holds considerable promise for use in preserving 
cadaver kidneys. 

The rationale for use of a solution similar in electrolyte 
composition to intracellular fluid appears to be sound. Use 
of physiologic solutions in renal perfusion has been shown 
to result in loss of essential substances such as potassium 
and magnesium from cell cytoplasm. By increasing the 
concentration of these substances to levels approximating 
those in the cell, their loss is apparently prevented or de- 
creased substantially.: 

As shown by Flores et al,’ the use of mannitol in hyper- 
osmotic concentration gives additional protection against 
the cellular swelling consequent to ischemia. 

In a time when the expenses of transplantation are al- 
most prohibitive, because of the sophisticated equipment 
and specially trained personnel involved in its many as- 
pects, this simple and inexpensive means of preservation 
has much to recommend it. In our view it represents an 
important contribution by Sacks and colleagues.’ 
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Editorial Comment 


In the United States, cadaver kidneys awaiting transplantation 
are now customarily preserved by pulsatile perfusion in vitro, uti- 
lizing systems patterned after that described by Belzer. A pulsa- 
tile perfusion system is costly, both with respect to equipment and 
technician time. However, successful in vitro preservation of ca- 
daver kidneys can be accomplished with this technique for periods 
up to 72 hours. Therefore, pulsatile perfusion appeared to have 
considerable logistical advantages to most transplant centers 
when compared with the previous method of kidney preservation 
by simple cooling of the organ with an initial perfusion of a small 
volume of chilled balanced salt solution containing colloid and 
heparin. Kidneys preserved by the latter method were considered 
safe for transplantation only for approximately eight hours after 
removal from their donors. 

Collins and Sacks and their associates have previously reported 
that the substitution of intracellular electrolytes in the initial per- 
fusion solution and an alteration of osmolality of the solution to 
make it hypertonic permitted much longer cold storage of kidneys 
outside the body without pulsatile perfusion, at least in the experi- 
mental laboratory. The work by Aguilo et al presents evidence 
that initial cooling of dog kidneys by an intracellular hyper- 
osmolar perfusate and then storage in the cold without pulsatile 
perfusion will permit successful replantation of a sizable per- 
centage of canine kidneys after 24, 48, and even 72 hours in vitro. 
Data such as these suggest that a hard look be taken at the widely 
accepted idea that pulsatile perfusion is universally necessary for 
adequate short-term preservation of cadaver organs that are har- 
vested and distributed through regional or even national net- 
works. 

JOHN A. MANNICK, MD 
Boston 
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Renal Trauma 


Treatment by Angiographic Injection of Autologous Clot 


Sherman Silber, MD 


The safety of treatment of renal hemorrhage from trauma with 
angiographic injection of autologous clot was investigated in rats by 
demonstrating the effect of various sizes of clot emboli on renal sur- 
vival. A large amount of clot injected into the entire distal part of the 
renal arterial tree (equivalent to 20 cu cm in the human) was re- 
quired to produce a 15% infarction. This large safety range is possi- 
bly due to the endogenous fibrinolytic capability of normal vascular 
endothelium. 


ersistent hemorrhage with hypotension, dropping 
hematocrit reading, or expanding flank mass have 
been indications for surgical intervention in cases of blunt 
renal trauma.!? The operation required in such cases is 
generally heminephrectomy or nephrectomy. 

A “nonoperative” technique has recently been de- 
scribed, involving angiographic injection of autologous 
clot into the secondary arterial branches that feed the 
bleeding points. In three cases (Kalish et al? and Harvey 
Goldstein, MD and Ananias Diokno, MD, unpublished 
data), there has been prompt cessation of hemorrhage, 
and subsequent arteriography revealed a remarkably nor- 
mal, unoecluded renal arterial tree, with practically no in- 
farction of parenchyma. 

In an effort to understand why one can occlude a large 
renal arterial branch with clot to stop bleeding and not in- 
farct that portion of the kidney, and to determine what 
the range of tolerable error is in injecting this clot, the 
following studies were undertaken. 


METHODS 


Twenty Lewis male rats, weighing approximately 200 gm, were 
divided into four equal groups of five rats each. Each animal had 
its renal artery occluded with a Scoville-Lewis clamp and a small 
arteriotomy was made for introduction of a tapered polyethylene 
catheter (Fig 1). A sample of blood was drawn from the same 
strain rat into a l-ml plastic syringe and allowed to clot for three 
quarters of an hour. The clot was then injected into the renal ar- 
tery according to the dose schedule listed in Table 1. After injec- 


tion of the clot, the arteriotomy was closed with 10-0 nylon inter- ` 


rupted sutures under the operating microscope. The clamp was 
removed and the artery and the renal surface examined inter- 
mittently under the microscope for up to six hours, and again at 
24 hours. At one week the contralateral kidney was removed and 
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daily blood urea values were obtained. After the blood urea values 
were noted to be relatively unchanged for three consecutive days, 
the kidney was removed and examined histologically for infarc- 
tion. The percentage of kidney infarcted was estimated by mac- 
roscopical inspection. The control group had the same procedures 
performed, except no clot was injected. 


RESULTS 


The injection of 0.1 cu cm of clot (equivalent to about 20 
cu cm in the human) completely filled the renal arterial 
tree from the hilum to the distal branches; 0.2 cu em gen- 
erally filled the renal arterial tree completely from the 
midrenal artery area distally; and 0.3 cu cm filled the en- 
tire system from the aorta outward (Table 1). 

From Table 2 it is clear that there is a remarkable and 
swift return of normal perfusion. In group 3, 50% of perfu- 
sion returned in less than an hour in all cases, and 90% in 
less than six hours (Fig 2). In groups 1 and 2, where pro- 
gressively larger amounts of clot (0.2 or 0.3 cu cm) were in- 
jected, though complete clearing occurred in every case 
within 24 hours the time required for this was much 
greater. 

From Table 3, it is apparent that the animals in group 3 
suffered minimal histologic evidence of renal infarction, 
and their single, embolized kidney was able to support a 
normal blood urea level. In groups 1 and 2, there was a 
greater extent of infarction with elevation of the blood 
urea level. The degree of infarction, if any, appeared to 
depend strictly on how long a time interval was required 
for clot lysis to occur, and this depended on the volume of 
clot injected. If the clot was small enough to lyse before 
six hours, infarction was unlikely. It appears that one 
would at least have to fill the entire renal arterial tree 
from the hilum outward in order to produce any degree of 
infarction. 


COMMENT 


The clinical cases in which this procedure of angio- 
graphic clot injection was first attempted were ones in 
which operative treatment would have probably resulted 
in nephrectomy or, at best, heminephrectomy. For that 
reason we did not hesitate to try this new approach, in or- 
der to simply infarct the bleeding portion of the kidney. 
The fact that bleeding was stopped and yet no infarctidr™ 
developed was a surprise, and required investigation. 

Warren in 1964 investigated the fibrinolytic activity of 
vascular endothelium in great detail.4 He noted that ner- 
mal vascular endothelium had a strong clot-lysing effect, 
but this was not so in damaged endothelium. However, hé 
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Fig 1.—Left, Cannula inserted into arteriotomy to inject clot. 
Right, Arteriotomy sutured and clamp removed. 


Table 1.—Dose Schedule 


Amount of Renal 
Volume of Clot Arterial Tree 
Injected, ml _ Filled With Clot 
Control 0 0 
Group 1 0.3 From aorta to distal 
branches 
From arteriotomy to 
distal branches 
From hilum to distal 
branches 


Group 2 0.2 


Group 3 0.1 





50% Cleared 90% Cleared 
Group 1 >6 hr Within 24 hr 
Group 2 1-6hr = 1-24 hr 





Group 3 30 min-1 hr 30 min-6 hr 





Table 3.—Histologic Evidence of Renal Infarction 


Stabilized Blood Urea 7 
Value After Contralateral 
Nephrectomy, mg/100 mi* 


40 + 10 
250 + 34 
104 + 10 

32+ 7 


°% of Kidney 
infarcted 


Control 0 


60-85 
25-50 
10-20 


Group 1 
Group 2 
Group 3 


* All values are + standard error of the mean. 


was not the first to observe this intriguing phenomenon. 
Hewson in 1772, Hunter in 1794, and Gulliver in 1846 
noted clearly that “contact of blood with living vessels re- 
tards its coagulation.®® 

The technique of angiographic arterial embolization has 
been tried before, but not in such a way as to allow clear- 
ing of the vessel. Luessenhop and co-workers injected 


Methacrylate emboli into cerebral arteries to close intra- 


cranial arteriovenous malformations.” Almgard and 
Fernstrom injected muscle into the renal artery to occlude 
an intrarenal aneurysm.’ Rösch et al injected 2 cu cm of 
autologous clot, along with epinephrine, into the gas- 
troepiploic artery to stop bleeding from a duodenal ulcer.!° 
The clot did not lyse, possibly because of the epinephrine. 
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Table 2.—Time Required for Spontaneous Clot Lysis 
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Fig 2.—Amount of perfusion after massive clot injection: no per- 
fusion immediately after injection (left); 50% perfusion 30 minutes 
to one hour later (center); 90% perfusion 30 minutes to six hours 
later (right). 


However in two of their experimental dogs, it did lyse. 
Margolis et al injected autologous clot into the obturator 
artery to stop hemorrhage from pelvic fracture.!! There 
would be no advantage in these previous reports to have 
the clot lyse later. 

However, in the case of bleeding from renal trauma, the 
investigations we have carried out should give greater lee- 
way in the use of angiographic clot injection without a 
great fear of damaging renal tissue. The human equiva- 
lent, 20 cu cm of clot will cause only about a 15% infarc- 
tion, and, of course, generally no more than 1 cu em is nec- 
essary to stop a specific group of bleeding vessels in the 
human. 


This investigation was supported by grants to Peter J. Morris, Professor 
of Surgery, Oxford University, Oxford, England, from the Australian Kid- 
ney Foundation and the National Health and Medical Research Council of 
Australia. 
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Myocardial Perfusion and Metabolism 


at Normothermic and Hypothermic Levels 


Thomas J. Donovan, MD; Barunaditya Muhkerji, MD; Guy Owens, MD 


Changes in intramyocardial carbon dioxide tension (Pco.) and ar- 
terial oxygen tension (Po.) were recorded in dogs with a mass spec- 
trometer after temporary occlusion of the aorta and the proximal 
part of the anterior descending coronary artery at normothermic and 
hypothermic levels. Patterns of hypoxic and hypercapnic changes 
and their recovery were favorably modified with moderate hypother- 
mia. Deep levels of hypothermia seemed to enhance this protective 
effect and progressively slow the myocardial metabolism. 

Occlusion of the proximal part of the anterior descending coronary 
artery for 30 minutes had a regional effect similar to the general 
myocardial changes recorded after aortic clamping, while the poste- 
rior myocardial probe showed stable control values. 

These data support previous studies showing that moderate hy- 
pothermia halves the oxygen consumption and doubles the “safe” 
period of anoxic arrest. 


he key to success in cardiac surgery is the cor- 
rection of the anatomical and physiological defect 
while preserving myocardial function. There is general 
agreement that, in avoiding myocardial dysfunction, pre- 
vention of coronary air or particulate embolism and over- 
distention of the left ventricle are of fundamental impor- 
tance. There is also general appreciation of the strategic 
importance of the left atrial pressure catheter in the class 
IV cardiac patient with severely compromised myocardial 
function, both while weaning the patient from the pump- 
oxygenator and in the early postoperative phase. 

There has been, however, a recurrent controversy about 
the optimal management of myocardial perfusion and me- 
tabolism during cardiopulmonary bypass that is of pri- 
mary importance in preventing postoperative myocardial 
dysfunction and death. Some surgeons tout the facility of 
anoxic arrest and the speed that it permits but also neces- 
sitates. Others prefer to work with slightly less exposure 
but with less temporal duress in completing the niceties of 
surgical correction with maximal myocardial perfusion. 
Hypothermia has permitted a compromise by slowing the 
myocardial metabolism and extending the so-called safe 
period of anoxic arrest.’ 

Although temporary aortic clamping is necessary in cer- 
tain surgical maneuvers, its precise deleterious effects and 
their ameliorations are not widely understood or appre- 
ciated. Researchers,** with membrane cannula and mass 
spectrometer, have shown that the changes in intramyo- 
cardial gas tension levels in dogs and humans with normo- 


thermic anoxic arrest are profound and not as rapidly 
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reversible as surmised. The protective effects of hypo- 
thermia on cardiac ischemia are well known but have never 
been quantitated in this manner directly. This work, then, 
is an extension of that noted above, using the mass spec- 
trometer technique for monitoring regional myocardial 
arterial oxygen tension (Po,) and carbon dioxide tension 
(Pco,) under normothermic and hypothermic conditions. 
Using a flexible membrane cannula embedded in heart 
muscle, tissue gas levels have been recorded in dogs at 
normothermic and hypothermic ranges after clamping the 
aorta and the proximal part of the anterior descending 
coronary artery. The findings underscore the principles 
in management of myocardial perfusion and metabolism 
during heart surgery. 


MATERIALS AND METHODS 


Dogs weighing 14 to 18 kg were anesthetized intravenously with 
6% pentobarbital (Nembutal). The animals were intubated, con- 
nected to a ventilator, and subjected to various surgical proce- 
dures during which pressures were constantly measured through 
right iliac arterial and venous cannulas. Teflon membrane-tipped 
stainless steel cannulas connected to a mass spectrometer were in- 
serted and fixed in the midmyocardium of the anterior and poste- 
rior walls of the left ventricle in the anterior descending and cir- 
cumflex coronary arterial regions, respectively (Fig 1). A left 
thoracotomy was made and the right atrium cannulated with a 
No. 32 catheter, the left femoral artery with a No. 12 catheter, and 
the ventricular apex with a No. 18 polyvinyl sump catheter for 
continuous decompression. Cardiopulmonary bypass was effected 
with an infant bubble oxygenator after heparinization. Needle 
thermistor probes were allowed to stabilize at myocardial tem- 
perature levels of 37, 30, and 20 C. At these various temperature 
ranges, the aorta was then occluded for 30 minutes and continuous 
Po, and Pco, changes were recorded from the myocardium during 
the ischemic and recovery phases. In a few instances the anterior 
descending coronary artery was occluded at its origin for 30 min- 
utes, and changes in the tissue Po, and Pco, in the anterior can- 
nula were compared with the control values from the posterior 
myocardial cannula. 

The cannulas were calibrated prior to each procedure in a saline 
bath saturated with known gas mixtures at temperatures of 37, 
30, and 20 C. The membrane system is temperature-dependent, 
and longer periods of stabilization were required with lower tem- 
peratures. 


RESULTS 7 
P sa 


Ten control studies at 37 C indicated average Po, levels 
of 30 mm Hg and Pco, levels of 25 mm Hg. Nine studies at 
30 C averaged a Po, value of 20 mm Hg and a Pco, value 
of 29 mm Hg. In the curves at 37 C during aortic clampitg 
for 30 minutes, the average Po, value of 30 mm Hg 
dropped to an average óf 7 mm Hg in 16 minutes with an 
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Fig 5.—Continuous responses of myocardial gas values at 37 C af- 
ter clamping aorta twice for 30 minutes. A 25-minute recovery inter- 
val prevented major cumulative effect after the second period of is- 
chemia. 


Fig 4.—Responses of myocardial gas values after aortic clamping 
at 26 C for 35 minutes. 
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average slope of 20°. At 30 C, the average Po, value after 
clamping dropped from 20 mm Hg to 9 mm Hg in 21 min- 
utes with an average slope of 11°. At 37 C, the average 
Pco. of 25 mm Hg rose to 91 mm Hg in 30 minutes with a 
slope of 51°. At 30 C, the average Pco, value of 29 mm Hg 
rose to an average peak of 73 mm Hg with an average 
slope of 26°. The three studies at 20 C were insufficient to 
be statistically valid but suggested even flatter curves. 
With occlusion of the anterior descending coronary artery, 
three curves showed slopes in the anterior wall consistent 
with the above data, but no essential changes were noted 
from the posterior myocardium, which held a nearly hori- 
zontal plane (Fig 2). The average interval between clamp- 
ing and change in Po, level was four minutes at 37 C and 
seven minutes at 30 C. The average interval between 
clamping and Pco, change was five minutes at 37 C and 12 
minutes at 30 C. The intervals before change at 20 C in the 
three Pco, curves were about 20 minutes, while the lowest 
Po, points of 12, 14, and 14 mm Hg were registered at 30 
minutes or at the time of aortic release. 

The recovery of the Pco, and Po, curves after releasing 
the aortic clamp averaged 14 minutes for oxygen and 22 
minutes for carbon dioxide at 37 C. At 30 C, the recovery 
period for oxygen was seven minutes and 14 minutes for 
carbon dioxide (Table and Fig 3 through 5). 


COMMENT 


As can be seen from the data, there is variability in the 
stability and sensitivity of the probes at the various tem- 
perature levels. The families of curves at various tempera- 
ture levels, however, reproduce predictable patterns. As 
the temperature is lowered, there is a delay in the initial 
change in gas values and the subsequent curves are flat- 
ter. The Pco, curves are progressively flatter at lower 
temperatures but continue to rise in a linear fashion until 
an average three minutes after aortic release. The rise in 
Pco, after aortic release represents an intrinsic delay in 
the recording system that has been observed for Pco, to 
be about twice that for Po,. It did not vary substantially 
at normothermia and moderate hypothermia. The declin- 
ing Po, values fit with the visual epicardial cyanosis, and 
arrest or ventricular fibrillation occurs with substantial 
epicardial cyanosis. The recovery phase after releasing the 
aorta is more prolonged with the more profound changes 


Depletion 
Slope, 
Degrees 


Interval of 
Recovery 
to Control 
Level, min 


Delay in 
Pco, Change After 
Accumu- Clamping, 
lation min 
Slope, 
Degrees 


Po, 
Peak at 
30 min, 
mm Hg 


at normothermic levels and is progressively shorter with 
the moderating effect of hypothermia. The intervals in- 
volved for restoration at 37 C are in the 20-minute range. 
It was shown with successive curves that a 25-minute re- 
covery period was enough to avoid major cumulative ef- 
fects at 37 C (Fig 5). 

The few curves with regional proximal coronary occlu- 
sion show a similar regional effect. In coronary surgery, 
however, the artery is narrowed proximally and the more 
distal clamping is often ameliorated by established coro- 
nary collateral flow. Gentle occlusion of the coronary ar- 
tery with rubber tourniquet and ligature does not damage 
the vessel and postclamping patency can be established by 
observing the distal and proximal filling of the graft as 
the clamps are released and by probing, if necessary. Fur- 
thermore, moderate hypothermia with ventricular fibrilla- 
tion provides a quiet state comparable to anoxic arrest 
in facilitating distal anastomosis. If hemostasia is not 
adequate for clear visibility, shorter periods of aortic 
clamping can be utilized in the occasional case. 

In general, these data support previous studies showing 
that moderate hypothermia halves the oxygen consump- 
tion and doubles the “safe” period of anoxic arrest. 
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Supraceliac Pseudoaneurysm of 


Abdominal Aorta 


Staged Repair Employing Preliminary 
Axillary-Femoral Bypass 


Calvin B. Ernst, MD; Michael E. Daugherty, MD; Dean L. Bristow, MD 


The fifth successfully treated pseudoaneurysm of the visceral 
branch segment of abdominal aorta emphasizes individualized man- 
agement of such complex lesions. Staged operative management of 
a supraceliac pseudoaneurysm by preliminary axillary-femoral by- 
pass minimized potential intraoperative hazards. Visceral protection 
during aortic occlusion was simplified by axillary-femoral perfusion. 


ane penetrating aortic injuries are frequently fatal, 
reports of successful surgical management are sparse. 
Even more rarely reported is successful surgical manage- 
ment of posttraumatic pseudoaneurysms of the major vis- 
ceral branch segment of the abdominal aorta.'* Repair of 
such a lesion presents challenging problems, particularly 
when aneurysmal infection seems likely. Prosthetic im- 
plantation, should the need arise, is hazardous in such a 
setting because of potential graft sepsis. Moreover, dur- 
ing repair, protection of viscera must be assured by ad- 
junctive measures such as extracorporeal circulation, hy- 
pothermia, or hypothermia-hypovolemia and circulatory 
arrest. The purpose of this article is to report successful 
repair of a supraceliac pseudoaneurysm of the abdominal 
aorta and describe another method of visceral protection 
not requiring extracorporeal circulation, hypothermia, or 
circulatory arrest. 


REPORT OF A CASE 


A 25-year-old man sustained a gunshot wound to the epigas- 
trium in July 1973. The left lobe of the liver had been pierced, but 
hollow viscus injury was not noted at operation. Blood behind the 
gastrohepatic ligament was evacuated and Penrose drains were 
inserted. Retroperitoneal hemorrhage was noted cephalad to the 
body of the pancreas. Shortly after discharge from the hospital, 
massive upper-gastrointestinal hemorrhage occurred, requiring 
readmission and administration of 4,000 ml of blood. In Septem- 
ber 1973, the patient developed boring back pain, malaise, and fe- 
ver. An epigastric bruit was heard. He had lost 20 kg (45 lb) since 
the original injury. Consultation was requested and he was ad- 


titted to the University of Kentucky Medical Center. 
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The patient appeared chronically ill and complained of severe 
mid-back pain. His temperature was 38.4 (101.2 F). Pulse rate was 
120 beats per minute, and blood pressure was 140/96 mm Hg. A 
systolic bruit was heard below the xiphoid. His abdomen was dif- 
fusely tender, particularly in the epigastrium. No abdominal 
masses were felt. All peripheral pulses were present. Doppler 
measurements of brachial arterial pressure and posterior tibial 
arterial pressure verified the absence of aortic pressure gradient. 

Results of all laboratory studies were normal, and seven blood 
cultures yielded no growth of organisms. 

Chest roentgenograms including lateral decubitus views of the 
left side showed fluid in the left pleural cavity. Lateral dis- 
placement of the upper pole of the left kidney was noted on excre- 
tory urography. Multiple air-fluid levels were seen in the small 
bowel. Percutaneous femoral retrograde aortography showed an 
8x 12-cm pseudoaneurysm of the abdominal aorta (Fig 1). The 
pseudoaneurysm appeared to arise from the posterior aspect of 
the supraceliac abdominal aorta (Fig 2). All major visceral 
branches were identified. The left renal artery appeared to be 
stretched and depressed. Communication of the pseudoaneurysm 
with the gastrointestinal tract was not apparent. 

During the preoperative evaluation, daily temperature spikes to 
38.8 C (102.0 F) were recorded. Diagnosis of an infected post- 
traumatic pseudoaneurysm of the supraceliac abdominal aorta 
was made. 

On Sept 28, 1973, an axillary-femoral bypass was performed on 
the right, using a 1-cm knitted Dacron prosthesis. Three days fol- 
lowing construction of the axillary-femoral bypass, definitive re- 
pair of the pseudoaneurysm was performed. The abdomen was en- 
tered through the previous midline incision, extending it into the 
seventh intercostal space on the left. Gelatinous fibrin material 
encountered in the thorax was cultured. The supradiaphragmatic 
and infrarenal segments of aorta were encircled with polyethyl- 
ene tapes obtaining control proximal and distal to the pseudo- 
aneurysm. The retroperitoneum on the left, lateral to the spleen 
and colon, was entered and the left upper quadrant organs re- 
flected to the right (Fig 3). The pseudoaneurysm, which measured 
8x8x 12 cm, displaced the left kidney laterally, and its wall was 
contiguous with pararenal tissue. The aneurysm did not communi- 
cate with the gastrointestinal tract. 

The aorta was cross-clamped above the pseudoaneurysm and 
above the superior mesenteric artery (Fig 3). Mean brachial blood 
pressure increased 6 mm Hg. With the aorta clamped, a pulse was 
palpated in the abdominal aorta distal to the renal arteries. Hepa- 
rin sodium was not administered. After occluding the celiac axis, 
the aneurysm was incised and emptied of old clot, which was sent 


Pseudoaneurysm of Aorta/Ernst etal’ 211 


= 
n 
PIAN 
*d 


C 





y 
i b 





om pi 





Fig 1.—Anteroposterior aortogram projection of pseudoaneurysm 
of abdominal aorta. All visceral branches are patent. Left renal ar- 
tery is depressed and elongated. 


for bacterial culture. A 5x 15-mm rent in the left posterolateral 
aspect of the supraceliac aorta was identified (Fig 3). This seg- 
ment of aorta was enveloped by shaggy, friable inflammatory tis- 
sue, but purulent material was not encountered. Fragmented pre- 
vertebral fascia and cancellous bone were seen in the depths of 
the pseudoaneurysm. The bullet was embedded in the first lumbar 
vertebral body. Tangential aortorrhaphy was performed with 4-0 
vascular suture (Fig 3). On unclamping the aorta, there was im- 
mediate, strong, pulsatile flow of blood into the distal part of the 
aorta. 

Total aortic occlusion time was 30 minutes. During this interval, 
urine output measured 70 ml. Results of postoperative renal and 
liver function studies remained normal. Cultures of the pleural 
fluid, pleural exudate, and aneurysm contents yielded no bacterial 
or fungal growth. Doppler measurements of brachial arterial 
pressure and posterior tibial arterial pressure with the axillary- 
femoral graft patent and digitally occluded were not substantially 
different. The patient made an uneventful recovery and was dis- 
charged on the 11th postoperative day. 

The patient was readmitted to the University of Kentucky 
Medical Center in January 1974. He appeared well and had no 
complaints. He had gained 12 kg (26 lb). The axillary-femoral 
graft pulse was felt. Results of renal and liver function studies 
were normal. 

Pereutaneous femoral retrograde aortography showed satisfac- 
tory repair of the abdominal aorta. All visceral branches of the ab- 
dominal aorta were identified (Fig 4). Lateral projections identi- 
fied persistent indentation posteriorly at the level of the celiac 
axis (Fig 5). This indentation did not produce alteration of normal 
hemodynamics. Direct aortic pressure measurements proximal 
and distal to this defect were equal. 

On Jan 28, 1974, four months after construction of the axillary- 
femoral bypass, it was removed. At operation, it was patent. An 
axillary-arteriorrhaphy and saphenous vein patch femoral arterio- 
plasty were performed. The patient made an uneventful recovery 
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Fig 2.—Lateral projection of aortogram. Arrowheads designate 
posterior extent of pseudoaneurysm. Origin from posterior supra- 
celiac segment is identified (arrow). 


and was discharged on the third postoperative day. He has re- 
mained well and has returned to work. 


COMMENT 


Four reports of successful surgical management of post- 
traumatic pseudoaneurysm of the visceral branch seg- 
ment of the abdominal aorta have appeared in the litera- 
ture since 1967.'-* To this series, the case herein is added 
as the fifth successful repair (Table). 

That the patient survived initial injury, particularly fol- 
lowing an operative procedure at which retroperitoneal 
drains were placed, is remarkable. The restraining effects 
of the musculoaponeurotic diaphragmatic crura and the 
posterolateral location of the aortic laceration doubt- 
less prevented exsanguination. Smith and co-workers and 
Yarbrough and associates similarly noted that dense mus- 
culoaponeurotic retroperitoneal structures contained the 
initial hematoma, preventing immediate death.** In addi- 
tion, the patient’s young age at the time of initial injury 
probably contributed to survival. Among individuals un- 
dergoing successful repair of pseudoaneurysm of the vis- 
ceral segment of the abdominal aorta, all were men rang- 
ing in age from 18 to 28 years (average age, 22 years) at 
the time of injury (Table). The interval from injury to re- 
pair ranged from one month to 11 yearg. With the excep- 


tion of the patient reported by Smith and associates, i 


patients were operated on within six months of injury. 
In 1963, Cherry and Bennett reported a case with fatal 
outcome.’ Their patient had clinical features similar to 
ours in that sepsis with pleural effusion on the left wis 
common to both. Our patient exhibited a septic course pre- 
operatively with daily temperature elevations to 38.8 C. In 
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Fig 4.—AP projection of postoperative aortogram. All visceral 
branches are evident. 


ation. Left abdominal organs are reflected to right. Inferior aortic 
clamp is proximal to superior mesenteric artery (SMA). Tangential 


aortorrhaphy (insert). 


Successful Repairs of Pseudoaneurysms of Visceral Branch Segment of Abdominal Aorta 


Year of Age at 


Opera- Re- 
tion 


1967 


Author 


Smith et al? 30 


Rich et al? 
Yarbrough 
et al4 


Gomez et al! 


Present case 


spite of several negative blood cultures, concern about 
an infected pseudoaneurysm persisted, since Bennett re- 
ported a 47% negative blood culture incidence in patients 
with proved mycotic aneurysms. Because of the pos- 
sibility of an infected pseudoaneurysm as well as an 
infected pleural space on the left, staged repair, using pre- 
liminary axillary-fremoral bypass on the right, was em- 
apes Not only did axillary-femoral bypass obviate need 

or extracorporeal perfusion while the aorta was repaired, 
. but additional measures such as systemic heparinization 
and hypothermia were not required. In addition, left ven- 
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pair, yr Interval 


Site of 
Aortic 
Injury 
Infraceliac 
supramesen- 
teric 


Injury- 
Repair Associated 


Problems 


Previous peripheral & 
visceral embolic epi- 
sodes; occluded in- 
frarenal aorta 

Splenic artery 
aneurysm; renovas- 
cular hypertension 


11 yr 


21 mo Paraceliac 


414 mo Supraceliac 
previous nephrec- 
tomy on left 


1 mo Pararenal 
renovascular hyper- 
tension; signs & 


symptoms of sepsis 
Signs & symptoms 

of sepsis; pleural 

effusion 


4mo _ Supraceliac 


Two pseudoaneurysms; 


Two pseudoaneurysms; 


Method of 
Visceral 
Protection 


Systemic hypothermia to 
32 C (90 F); no 
mention of heparin ad- 
ministration 

Systemic hypothermia; 
no mention of heparin 
administration 

Right renal hypothermia; 
heparin administered 


Operative 
Procedure 


Transaortic Teflon 
patch aortoplasty 


Aortorrhaphy & neph- 
rectomy on right 


Aortorrhaphy twice 


Systemic hypothermia to Aortorrhaphy & Dacron 


21 C (70 F); cardio- 
circulatory arrest; 
heparin administered 
Preliminary axilliary- 
femoral bypass; no 
heparin administered 


patch aortoplasty 


Aortorrhaphy; partial 
aneurysmectomy 
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Result 
Excellent 


Excellent 


Excellent 


Excellent 


Excellent 





tricular strain, reflected by elevated arm blood pressure, 
was not encountered on occluding the proximal part of the 
aorta. It is assumed that the axillary-femoral bypass pre- 
vented this complication. 

Data reported by Inoue and associates indicate that a 
subclavian-femoral conduit 1 cm in diameter is adequate 
to support life for at least 60 minutes without untoward 
effects.’ Had necrotic aorta surrounded by purulent mate- 
rial been encountered, ligation of the aorta proximal to 
the celiac axis would have been necessary: Whether the 
patient would have survived in such a setting is unknown. 
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Éi 4... Fig 5. —Lateral view of postoperative aortogram. Aortic indenta- 
Bo at level of bullet is seen posteriorly. 
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was TSA femoral vein to femoral aten pump eee 
or left ventricular bypass could have been employed. How- 
ever, if grossly i ar bees necrotic aorta precluding aortor- 
rhaphy and requiring ligation had been encountered, ax- 
illary-femoral bypass would have been necessary under 
trying circumstances requiring life-supporting perfusion 
during closure of the incisions and transportation to a 
clean operating environment for construction of the ax- 
illary-femoral graft. Survival of a septic, nutritionally de- 
pleted patient under such circumstances is doubtful. 

Whereas the right-sided location of aortic injury re- 
ported by Smith and associates precluded tangential aor- 
torrhaphy and necessitated transaortic patch aortoplasty, 
the left-sided location of the aneurysm in our patient fa- _ 
cilitated direct tangential aortorrhaphy. The spleen, stom- 
ach, body of pancreas, and left side of the colon were eas- 
ily mobilized to the right gaining access to the left side of 
the supraceliac segment of abdominal aorta (Fig 3). Direct 
aortic repair has been accomplished in all five reported 
cases. Patch aortoplasty with prosthetic material was em- 
ployed in two patients, while suture aortorrhaphy was em- 
ployed in the other three (Table). 

That individual management of pseudoaneurysms of 
the visceral branch segment of abdominal aorta is re- 
quired is evident from the patient described and from 
other reports in the literature. When encountering such a 
problem, all approaches available to the vascular surgeon 


i; 
y, Es But, presence of aortic pulsations distally and adequate must be considered and employed as indicated. It is sug- 
Bi uri ine production while the supramesenteric aorta was gested that axillary-femoral bypass grafting in such a set- 
= clamped lends support to this possibility. ting is a valuable addition to the surgeon’s armamen- 
í: It visceral perfusion during aortic repair were all that tarium for managing such challenging problems. 
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Selective Massive Amyloidosis a 


of Small Intestine 


Benjamin Griffel, MD; Boris Man, MD; Ludvik Kraus, MD 


A patient with intestinal amyloidosis with perforation was success- 
fully treated by resection of almost the whole involved small intes- 
tine and is recuperating on hyperalimentation therapy. Because 
there were no signs of amyloiditic deposition in other parts of the 
body and no other cause of the amyloidosis, the case was considered 
to be selective localized intestinal amyloidosis. This is the third re- 
ported case of perforated amyloiditic intestine and apparently the 
first case of selective small intestinal amyloidosis involving such a 
complication. 


bdominal catastrophes that require emergency sur- 
gical intervention are numerous and have been 
recorded in detail in the literature. One such catastrophe, 
amyloidosis, is hardly even mentioned, despite the fact 
that it is not rare. The most common indications for lap- 
arotomies in amyloidotic patients are rupture of am- 
yloidotic spleen and bleeding from the esophagus or in- 
testinal mucosa.'* Rupture of amyloidotic intestine and 
consequent peritonitis have been reported only twice.°" 
This report describes a patient with an acute condition of 
the abdomen due to perforation of massive diffuse intesti- 
nal amyloidosis, probably of the localized form, who sur- 
vived after resection of a 280-cm piece of intestine. 


REPORT OF A CASE 


A 57-year-old man was admitted to the hospital in December 
1973 with complaints of abdominal pains and melena that had ap- 


- peared repeatedly during the previous two years. His history in- 


cluded diagnosis of a duodenal ulcer in 1970 by roentgenographic 
examination and admission to this same hospital in 1971 with ab- 
dominal pains determined to be caused by the ulcer. Physical ex- 
amination at the 1973 admission revealed a man in generally good 
condition, with normal blood pressure and pulse and a soft abdo- 
men with a diffuse tenderness in the central part. On rectal exami- 
nation, fresh blood mixed with old appeared on the glove. Sig- 
moidoscopy revealed no pathological findings and a chest 
roentgenogram was normal. Barium meal roentgenographic ex- 
amination of the upper part of the gastrointestinal tract dem- 
onstrated a duodeyal ulcer. Intravenous pyelography, peroral 
cholangiography, and barium enema showed no pathological alter- 
tions. 


Accepted for publication Aug 12, 1974. 








Fig 2.—Cut surface of intestinal wall. Note masses of homo- 
geneous material and hemorrhages in submucosa. 


Laboratory studies revealed the following values: hemoglobin, 
13.1 gm/100 ml; hematocrit reading, 39%; blood glucose, 96 to 130 
mg/100 ml. Blood urea, serum electrolytes, cholesterol, bilirubin, 
alkali phosphatase, amylase, serum glutamic oxaloacetic transam- 
inase (SGOT), and serum glutamic pyruvic transaminase (SGPT) 
values were all in the normal range. Results of a urine analysis 
were negative for sugar and protein. Exploratory laparotomy was 
scheduled for four weeks hence, and the patient was discharged. 

He was readmitted on an emergency basis a week later with se- 
vere abdominal pains that had started suddenly seven hours be- 
fore. The pains had begun diffusely and then shifted to the central 
and lower parts of the abdomen, accompanied by nausea but no 
vomiting, bowel movements, or gas. The patient was shocked, 
cold, and sweating, with a pulse rate of 120 beats per minute and 
blood pressure of 90/40 mm Hg. Diffuse abdominal tenderness and 





Pipes the ee eee or ery a ee ae Man rigidity were found, accentuated in the central and the lower 
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a moderate distention of the small intestine loops. Laboratory 
studies showed the following values: hemoglobin, 12.2 gm/100 ml; 
hematocrit reading, 38%; blood urea, 32 mg/100 ml; serum glucose, 
112 mg/100 ml. Results of a urine examination were negative for 
sugar and protein. 

Emergency laparotomy was performed. The small intestine 
showed diffuse changes in color and consistency, with two perfora- 
tions with slight fibrinous peritonitis around the edges. The mes- 
enteric blood vessels were pulsating, the loops were distended, and 
the intestinal wall was thickened and disintegrated at slight 
touch, like wet paper. Only the duodenum and distal segment of 
the ileum looked viable. A subtotal resection of the small bowel 
was performed that included 5 cm of the distal part of the duode- 
num. The duodenum was anastomosed in end-to-end fashion to 
the remaining viable 12.5-em distal segment of the ileum. A small 
piece of normal-looking liver was taken for histological examina- 
tion. 

The postoperative course was relatively smooth. The peritoneal 
signs disappeared in six days, and peristaltic sounds appeared. 
Having an extremely short bowel, the patient was treated by in- 
travenous hyperalimentation via the subclavian vein. Protein hy- 
drolysate injection (Aminosol), soybean oil, 20% to 50% glucose so- 
lution, and physiological sodium chloride solutions were 
administered in approximately 5,000 ml of fluid daily consisting of 
4,500 to 6,000 calories. The condition of the patient remained 
stable, and he slowly regained lost weight. His nitrogen and elec- 
trolyte balance was maintained adequately. Five months after op- 
eration, no clinical or laboratory signs of amyloidotic involvement 
of other organs could be detected. 


PATHOLOGICAL FINDINGS 
Macroscopical Description 


The specimen (Fig 1) was a 280-cm segment of small intestine, 
together with 2-em wide fatty mesenterium. The walls of the 
slightly enlarged intestine, ruptured in some places, showed inter- 
mingled map-like areas with defined borders that were yellowish, 
red hemorrhagic, or gray-pink. The intestine was very soft, 
friable, and fragmented at a touch. The mucosal surface had the 
Same appearance as the serosal surface. The plicae were pre- 
served, some of them yellowish, others red. Part of the reddish 
mucosa was ulcerated, denuded, or fragmented. 

The intestinal wall showed thickening to 0.7 to 0.8 em, with yel- 
low material in the submucosa or red hemorrhagic areas with de- 
nuded mucosa over them (Fig 2). In the mesentery, a few slightly 
enlarged, yellowish, lymph glands were detected. 


Microscopical Description 


The mucosa was generally intact without pathological altera- 
tions, but in some places fresh hemorrhages were seen in the 
lamina propria. Large masses of homogeneous material were 
found throughout the submucosa of the intestine, with atrophy of 
the muscular layer and atrophy or disappearance of the muscu- 
laris mucosae (Fig 3). This same homogeneous acidophilic material 
was seen in the walls of many blood vessels, mainly in the adven- 
titia, as well as in a few places between the fibers of the muscle 
layers or in the fat tissue of the serosa. A similar looking material 
was also found around and in the examined glands. 

This material, wherever found, was acidophilic, metachromatic, 
Congo-red positive, dichromatic after Congo red staining (Fig 4), 
and yellowish-fluorescent after thioflavine T staining. Electron 
microscopical examination revealed long, thin, unbranched, and 
randomly oriented fibrils characteristic of amyloid fibrils (Fig 5). 

The small piece of liver tissue had normal structure with no 
amyloid. 
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Fig 3.—Amyloid mass in submucosa of intestine (hematoxylin- 
eosin, X 100). 





Fig 4.—Dichromatism of amyloid masses (Cha red, X 100). 


Fig 5.—Fibrillar structure of amyloid (uranyl acetate and lead 
citrate, X 15:960); 
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COMMENT 

.On the basis of the tinctorial and morphological charac- 

teristics of the material found in the submucosa, muscu- 

laris, and serosa of the small intestine and in the lymph 

glands, the case was diagnosed as amyloidosis of the small 
intestine. 

Amyloidosis is classically divided into the primary, sec- 
ondary, tumorous, or localized form, due to multiple mye- 
loma, and rare types like the hereditary type of familial 
Mediterranean fever, of Andrade’ and Rukavina et al.: 
Heller et al classified the amyloidotic cases into peri- 
reticulin and pericollagenous types, according to the topo- 
graphic situation of the amyloid in the wall of the blood 
vessels. Localized amyloidosis was categorized as peri- 
collagenous. 

The involvement of the gastrointestinal tract in differ- 
ent types of amyloidosis is quite frequent, ranging from 
70% in Symmers series” to 55% in Dahlin’s."! Amyloidosis 
was predominantly gastrointestinal in primary” and sec- 
ondary” types, and less in the Rukavina type’ or that as- 
sociated with familial Mediterranean fever. The gas- 
trointestinal vasculature is the most frequent site of 
amyloid in these cases" and, depending on the type, the 
initial deposition can be the intima (perireticulin type) or 
the adventitia (pericollagenous type). The muscular layer 
can also be involved in the process, with amyloid appear- 
ing between the muscle fibers in small or large quantities. 
Amyloid in the mucosa or serosa of the intestine is less 
frequent, the amount ranging from scanty appearance in 
the blood vessels to large masses, as in our patient. 

The appearance of amyloid in the intestinal wall can 
cause various anatomicopathological or functional distur- 
bances, such as malabsorption,’ infarction, bleeding," 
stasis, diarrhea, and perforation.®* Infarction, bleeding, 
and perforation can be attributed to severe involvement 
of the intestinal vasculature, with consequent ischemia 
and necrosis of part or the whole thickness of the wall. 





in the submucosa, with perforations, mucosal ulcerations, 


and bleeding. Amyloid was not found in the liver biopsy 
specimen and no clinical or laboratory signs were detected — 
in other organs; the spleen was not enlarged and the  . 
kidney was not nephrotic. Thus, the finding of amyloid be 


masses in the walls of the small intestine and lymph 


glands was considered to be localized intestinal amy- 
loidosis. In a few places where the blood vessels in the 
submucosa were not embedded in the amyloidotic masses, a 
pericollagenous position of the amyloid could be seen, a 
fact that substantiates the diagnosis of localized amyloi- 
dosis. Tumorous amyloid was considered but disregarded 
because of regional lymph node involvement, a condition 
not present in tumorous amyloid. There was no family his- 
tory of amyloidosis or of primary diseases in the intestine 
or elsewhere, eliminating the diagnosis of secondary or 
genetic familial amyloidosis. 

Selective localized amyloidosis is known to appear in 
skin, bone,” lung, esophagus, and other organs. Local- 
ized amyloidosis of the ileum with intestinal hemorrhages 
was reported by Long et al. There are only two reports of 
perforations of amyloidotic intestine in the medical litera- 
ture.*® In Gilat and Spiro’s case,’ the perforation occurred 
in the rectum with a consequent abscess formation in a 
person with a 30-year history of systemic amyloidosis sec- 
ondary to rheumatoid arthritis. In Akbarian and Fenton’s 
case, the perforation was in the distal part of the ileum 
and was part of systemic amyloidosis, most probably due 
to multiple myeloma. In both cases, the perforations were 
fatal and no resection of the involved part was under- 
taken. In our patient, resection of a large part of the small 
intestine was performed and the life of the patient was 
saved. The long-term prognosis cannot be made, as the pa- 
tient has difficulties in alimentation with his “short 
bowel.” 
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soa Lymphoma of the Jejunum in 
a Patient With Wiskott-Aldrich Syndrome 


sun Treatment 


7 SA 


= An 8-year-old boy with Wiskott-Aldrich syndrome underwent lap- 
~ arotomy and resection of a stage l; malignant lymphoma of the jeju- 
= num. Although preoperative platelet counts were less than 
E 10, 000/cu mm, intraoperative bleeding was minimal, and postopera- 
E tive bleeding from the wound was easily controlled with platelet infu- 
gions and local application of epinephrine. Six weeks later, he under- 
went reoperation for small intestinal obstruction and no residual 
Py tumor could be identified. The patient died 442 months following the 
-initial surgery from an intracerebral hemorrhage. Postmortem exam- 

; ination did not reveal residual lymphoma. 


T. f 
ar “ 
A i 


e he Wiskott-Aldrich syndrome is a severe immunodefi- 
$ 4 ciency disease characterized by the triad of throm- 
_ boeytopenia, eczema, and recurrent infections. Wiskott' 
itially described the syndrome in a single patient in 
1937, following which Aldrich et al’ (in 1954) elucidated 
Othe familial sex-linked inheritance pattern of the disease. 
_ Patients with this syndrome have been shown to have ab- 
= normalities of both the humoral and cellular immune sys- 
2A tems. Poor, delayed hypersensitivity responses to a vari- 
ee ety of antigens are seen that appear to be associated with 
npairment of the afferent arc of the cellular immune re- 
_ sponse.’ Marked abnormalities in immunoglobulin produc- 
tion also occur. These patients demonstrate very low IgM 
= levels, normal IgG levels, and often extremely elevated 
levels of IgA and IgE.** The antibody response to lipo- 
salto is poor, a factor that may account for the 
frequent episodes of pneumococcal sepsis." 
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Another aspect of this syndrome is its extremely high 
association with malignant neoplasms of the reticu- 
loendothelial system. At present, 18 cases of malignant 
neoplasm complicating this disease have been reported." 
In the majority of cases, the malignant tumors were un- 
treated, either because they were disseminated at the 
time of discovery or were incidental findings at autopsy. 

The purpose of this report is to describe the surgical 
treatment of a primary malignant lymphoma of the jeju- 
num in an 8-year-old boy with the Wiskott-Aldrich syn- 
drome. 


REPORT OF A CASE 


An 8-year-old boy was admitted to the Metabolism Branch of 
the National Cancer Institutes complaining of generalized abdom- 
inal pain and fever. A diagnosis of Wiskott-Aldrich syndrome had 
been made at an early age, since the patient’s brother had had this 
disease and died at age 9 years from cerebral hemorrhage. The 
patient’s childhood was marred by the typical complications of the 
Wiskott-Aldrich syndrome; namely, recurrent bleeding secondary 
to thrombocytopenia, molluscum contagiosum, and repeated pneu- 
mococeal sepsis requiring constant prophylactic penicillin treat- 
ment. 

The patient’s abdominal symptoms began eight hours before 
admission with generalized crampy pain. Shortly thereafter, fever 
developed, he vomited clear gastric contents, and he was brought 
to the National Cancer Institute. A pertinent physical finding was 
slight abdominal distention associated with diffuse tenderness, 
most marked in the right lower quadrant. Rebound tenderness 
was present, and bowel sounds were hypoactive. Results of a re¢- 
tal examination were normal. Laboratory studies disclosed the fol- 
lowing values: hemoglobin, 8.0 gm/100 ml; white blood cell count: 
(WBC), 4,500/cu mm, with 72% polymorphonuclear leukocytes, 
16% bands, and 12% lymphocytes; platelets, 37,000/cu mm, blood 
urea nitrogen (BUN), 18 mg/100 ml. Serum amylase and electro-. 
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lyte levels, results of urinalysis, and a chest roentgenogram were 
all normal. Abdominal roentgenograms revealed an intestinal gas 
pattern consistent with an ileus or partial small intestinal ob- 
struction. 

A clinical diagnosis of acute appendicitis was made, and the pa- 
tient was taken to surgery. At laparotomy, the entire peritoneal 
surface appeared inflamed and a 3x 5-cm inflammatory mass was 
discovered adherent to the peritoneum of the right lower quad- 
rant. When this mass was dissected free from the surrounding 
structures, it was found to be located within the distal part of the 
jejunum. A 2l-cm segment of jejunum, including the mass and 
mesojejunum, was resected. The entire procedure was accom- 
plished without-administration of platelets, despite a preoperative 
platelet count of 10,000/cu mm. At the time of abdominal closure, 
he received 8 units of platelets, which elevated the postoperative 
platelet count to 43,000/cu mm. Intraoperative blood replacement 
was 400 ml. 

The postoperative course was unremarkable, except for occa- 
sional incisional bleeding that was controlled with local appli- 
cation of epinephrine. Two units of platelets were empirically 
given daily for the first five days, after which time this practice 
was discontinued. The platelet count averaged 15,000/cu mm for 
the period of piatelet administration and thereafter remained at 
that level. By tae sixth postoperative day, the patient was eating, 
and he was discharged on the 12th postoperative day. The oper- 
ative specimen was histologically determined to be a malignant 
lymphoma of the jejunum with tumor-free margins (Figure, top). 
Although interpreted as a malignant lymphoma, it could not be 
categorized according to current classification” (Figure, bottom). 
None of the foar mesenteric lymph nodes contained tumor. 

Six weeks following surgery, the patient was admitted to the 
National Cancer Institute because of intestinal obstruction. At 
surgery, no evidence of residual lymphoma could be found. The 
obstruction was located in an area of ischemic ileum encased in fi- 
brous adhesions. This area was resected, and a biopsy specimen 
was made from a large lymph node from the mesojejunum at the 
location of the previous resection. Histologic examination of these 
specimens did not show lymphoma. Recovery was again rapid, and 
the patient was discharged 17 days later. 

Four and one half months following the initial cancer surgery, 
the patient died of a massive subarachnoid hemorrhage. Post- 
mortem examination did not reveal gross or microscopical evi- 
dence of residual lymphoma. Although there was focal atypical 
hyperplasia in abdominal lymph nodes, the lymph node archi- 
tecture was basically intact and the hyperplastic changes were not 
considered to be severe enough to warrant a diagnosis of malig- 
nant neoplasm. 


COMMENT 


The incidence of malignant neoplasms in patients with 
immunologic deficiency syndromes has been extensively 
reviewed.*** The Wiskott-Aldrich syndrome appears to 
have the highest rate of associated cancers, with greater 
than 10% of the reported cases complicated primarily by 
malignant lymphomas. It is of note that only two of the 18 
previously reported patients who developed cancers un- 
derwent attempts at curative therapy. Pearson et al de- 


L ooerined a case ef mediastinal malignant lymphoma in a 
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74-year-old boy. Fifteen months following radiation ther- 
apy, he died with disseminated tumor. More recently, the 
case of a 19-year-old man with a primary reticulum cell 
sarcoma in the left parietal and occipital regions of the 
brain has been reported by Heidelberger and LeGolvan." 
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He was treated with 2,400 a a of cobalt therapy and a 


three doses of intravenously administered vinblastine. 


Four and one half months after diagnostic biopsy exami- 3 
nation, he died of bronchopneumonia. At autopsy, evi- p 


dence of viable reticulum cell sarcoma could not be found. 


The present case is, to our knowledge, the first reported 
case of a surgically treated neoplasm in a patient with 
Wiskott-Aldrich syndrome, and it is important for the fol- — 


lowing reasons. First, it demonstrates that major abdomi- 
nal surgery can be undertaken in these thrombocytopenic 


patients. Although this patient received no exogenous © 
platelets until the time of abdominal wound closure, in- 
traoperative bleeding was not a problem despite a platelet — 


count of 10,000/cu mm. Postoperatively, minimal incision- 
al bleeding occurred, and this was successfully treated 
with intravenous infusion of platelets and local appli- 
cation of epinephrine. Second, this case illustrates that, in 
these patients, a malignant lymphoma may behave as a 
primary lymphoma of the intestine, and that appropriate 
cancer surgery may result in a tumor-free state. 
Previous reports have indicated that resection of the in- 
testinal segment and regional lymph nodes involved by lo- 
calized lymphoma may result in surprisingly good five- 
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Top, Section of jejunum at pE: of lymphomatous infiltrate. Note . 





sheet-like infiltrate involving submucosa and, to lesser extent, 
lamina propria of mucosa (left). Entire bowel wall, including serosa, — y 
was involved by lymphoma (hematoxylin-eosin, x45). Bottom, 


Lymphomatous infiltrate. Many cells with large, pleomorphic nuclei 
are present; some cells contain multiple, prominent nucleoli. Most 


smaller cells also exhibit substantial nuclear pleomorphism and are 


probably also neoplastic (hematoxylin-eosin, x 530). 
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= year survival rates. In one report, 56% five-year survival 
__ was recorded for stage I patients who underwent curative 
= resection.” The majority of these patients received no 









+ have a primary lymphoma of the jejunum, and he was 
= treated accordingly with segmental jejunal resection. The 
_ tumor was classified as a stage I,, malignant lymphoma 
= (intestinal involvement; no involvement of local lymph 
nodes). 

= Beeause of the absence of residual cancer at the time of 
= reoperation for bowel obstruction, and the desire of the 
= attending physicians to avoid, in this already immuno- 
= deficient patient, the additional immunosuppression that 
= would be associated with radiation or chemotherapy, the 
k. patient received no further treatment. This decision was 
; supported when, at autopsy, residual lymphoma could not 
| he identified. 

This patient exemplifies a problem that may become of 
_ increasing concern to the clinician. The sophistication that 
E has developed in pediatric care has resulted in a gradually 
. increasing life span for patients with the Wiskott-Aldrich 
_ syndrome. It appears probable that this increased longev- 
____ ity will be associated with an increasing incidence of ma- 
- lignant neoplasms in these patients. It has been the intent 
= ofthis presentation to indicate that major abdominal sur- 
gery can be accomplished in these thrombocytopenic pa- 
tients and, furthermore, that appropriate cancer surgery 
may be successful. 
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Editorial Comment 


Dr. Faraci and his co-workers have presented an interesting 
case report of an eight-year-old boy with Wiskott-Aldrich syn- 
drome who underwent resection of a localized malignant lym- 
phoma of the jejunum. Since approximately 10% of patients with 
Wiskott-Aldrich syndrome die from malignant neoplasms, it is not 
surprising that this patient had a lymphoma, although it is quite 
uncommon to find a localized tumor such as that described. Over 
50% of patients with this syndrome die from hemorrhage, as oc- 
curred in this case; the remaining patients usually die from sepsis. 
Although resection of the localized lymphoma was logical in this 
patient, it is highly probable that another focus of lymphoma 
would have been identified within one to two years if the child had 
survived. 

Eric W. FonKALSRUD, MD 
Los Angeles 
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- Technique 


A simple competency test has been devised that will establish the 
adequacy of a Nissen fundoplication at the operating table. Saline, 
250 ml, is instilled into the stomach through a nasogastric tube and 
then the nasogastric tube is withdrawn to above the level of plica- 
tion. The pylorus is occluded and the stomach compressed. If the 
cardia is competent, no saline can be aspirated from the esophagus. 
Ten patients studied immediately after the opening of the abdomen 
showed regurgitation by this test, whereas no regurgitation could be 
produced in 30 patients studied immediately after completion of the 
fundoplication. 


Accepted for publication Aug 8, 1974. 
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Reflux Esophagitis 


Siroos Safaie-Shirazi, MD 


|B ewer i with both the anatomic and functional 

results of crural suture as the sole means for repair 
of hiatal hernia and prevention of gastroesophageal re- 
flux has been largely responsible for creation of new oper- 
ations designed to create a valvular mechanism at the 
gastroesophageal junction. Such repairs presently in wide 
use are from Nissen in Europe,’ Belsey in Britain, and Hill 
in the United States. The Nissen procedure is favored by 
many surgeons abroad and in this country. 

To assure success of the operation, surgeons have em- 
phasized the importance of reduction and fixation of the 
esophagogastric junction below the diaphragm. Based on 
recent clinical and experimental experience in our institu- 
tion and others,” it is my belief that the principal reason 
for the success of these repairs is not the creation of an in- 


Fig 1.—Technique for freeing distal part of esophagus and proximal part of stomach. 
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A y Fig 2.—No. 40 Hurst dilator in esophagus and silk sutures for pli- 
= Cation in place. 
E.  tra-abdominal segment of the esophagus but rather the 
F _yalve mechanism that is fashioned at the esophagogastric 
__ junction. This is also based on the observation that in pa- 
_ tients in whom the only procedure has been fundoplication 
a K (and no attempt has been made to close the crura), or in 
_ those whose fundoplication was left in the chest because 
HY of short esophagus, no reflux could be demonstrated and 
; these patients were cured of their esophagitis. Based on 
Eo these observations, it was believed that the 6% to 10% 
= postoperative reflux rate that has been seen by us’ and 
also reported by others‘ is merely the result of faulty con- 
= struction of the fundoplication. If this could be recognized 
=at the operating table by use of an effective test for com- 
= petency, then the defective repair could be revised and 
= competence assured before the operation was terminated. 
~ This is our experience during the last 15 months with such 
a test used in the operative care of 30 patients. 
A midline upper abdominal incision is used for Nissen 
a A fundoplication i in patients with reflux esophagitis. After 
; ~ encireling the esophagus, 6 to 8 cm of the distal part of the 
= esophagus and the upper part of the stomach are freed by 
a division and ligation of blood vessels, mainly along the 
- lesser curvature of the stomach (Fig 1). At this time a No. 
4 , 40 Hurst mercury dilator is introduced into the stomach 
_ by the anesthesiologist. The plication is performed with 
E -interrupted No. 2-0 nonabsorbable synthetic suture mate- 
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Fig 4.—Stomach after instillation of 250 ml of line with naso- 
gastric tube above level of plication. Note method for occluding py- 


lorus and squeezing stomach. 


rial, taking bites of stomach, esophagus, and stomach (Fig 
2). At the termination of this stage, 6 cm of stomach has 
been wrapped around the distal part of the esophagus 
(Fig 3). The competency test is then performed. The anes- 
thesiologist withdraws the Hurst dilator and introduces a K 
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* Number of patients with abnormal results/number studied. 


Preoperative and Postoperative Studies of 30 Patients With Reflux Esophagitis Treated 
With Fundoplication and Intraoperative Water Test 


- Studies Operation Operation 1 Week 6 Weeks 6 Months 
Reflux 30/30 0/30 0/30 0/19 
(roentgenographic)* 
Esophagitis 30/30 0/30 0/19 0/6 
(endoscopic) * 
Lower esophageal 4-8/30 12-26/30 14-24/30 13-22/19 12-24/6 
sphincter pressure 
(manometry)t 
Water test* 10/10 








+ Range of pressure in millimeters of mercury/number of patients studied. 


nasogastric tube, through which a 250-ml volume of saline 
is instilled into the stomach (Fig 4). The anesthetist then 
withdraws the nasogastric tube to a position above the 
level of the plication. The surgeon at this point occludes 
the pylorus with his fingers and squeezes the stomach in 
an attempt to produce reflux into the esophagus. If the pli- 
cation is adequate, no saline will regurgitate into the 
esophagus where it would be aspirated by the anesthesiol- 
ogist through the nasogastric tube, which is located above 
the level of plication. On the other hand, if reflux occurs, 
the surgeon has a chance to redo the plication without the 
necessity of another operation. 

In the early part of this study in ten patients before dis- 
turbing the anatomic location of the gastroesophageal 
junction, 250 ml of saline was instilled into the esophagus 
through a nasogastric tube. The nasogastric tube was then 
pulled back to above the level of the gastroesophageal 
junction. By pressing on the somach while the pylorus was 
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closed, reflux of saline occurred in all patients. This part of 
the test has been abandoned to save time. Thirty patients 


with proven reflux esophagitis demonstrated on roent- — 


genographic examination by reflux of barium, endoscopic 


presence of erythema and mucosal erosion, and low gas- | 
troesophageal sphincter pressure by manometry under- — 


went abdominal exploration. These 30 patients underwent 


Nissen fundoplication and were given an intraoperative — 


“water test.” The results of this test were compared with 


postoperative follow-up studies of roentgenograms of the © 


upper part of the gastrointestinal tract for the presence of 
reflux, esophageal manometry, and endoscopy (Table) one 
week, six weeks, six months, and one year after operation. 


All patients, after being shown to have a competent valve © 


at operation, were free of reflux by roentgenogram, had 

















disappearance of esophagitis by endoscopy, and were — 


asymptomatic at last contact. 
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A Foreign Graduate With US Training 
Reimmigrates to the United States 


To the Editor.—John Racy’s per- 
sonal account of his immigration to 
__ the United States (Arch Surg 109:360, 

. 51974) is a timely piece on an impor- 


~ from the viewpoint of a student of 
= US immigration policy in general. 
In your editorial comment, you note 
that Dr. Racy’s return is good news 
for both him and the United States. 
There is a third party at interest, usu- 
ally ignored in the immigration equa- 
_ tion: the country of origin. Dr. Racy 
~ graphically catalogues the conditions 
_ of his native land, which he found 
unacceptable. How are these condi- 
tions ever to be rectified if those who 
object most to them leave rather than 
work for their resolution? As Dr. 
Racy notes, “foreign physicians are 
= often in the forefront of their coun- 
= tries’ Westernization.” 
= Ifthe United States truly wishes to 
= help improve the medical care in the 
= less developed countries by training 
na medical workers, the training must 
oy take place in the home country. Ex- 
posing students to conditions in the 
~ more developed countries that they 
= cannot hope to duplicate at home can 
_ only demoralize them and set their 
sights on emigration, which defeats 
= the purpose of the program. Post- 
= graduate training in this country 
= should be limited to exceptional situ- 
_ ations where the return of the trainee 
~ is guaranteed. 
: JOHN H. TANTON, MD 
Petoskey, Mich 


= To the Editor.—I read with interest 
_ the article “A Foreign Graduate With 
US Training Reimmigrates to the 
-= United States,” by John Racy, MD 
(Arch Surg 109:365, 1974). However, I 
take exception to the editorial com- 
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ment by Richard Warren, MD. From 


his comments it is clear that he is not 
opposed to the immigration of for- 


eign medical graduates, but he wants 


only a selected group with high aca- 
demic interests and qualifications to 
immigrate or reimmigrate. Among 
the medical community formed by 


physicians trained in this country, ~ 


we have all grades of competence, 


ranging from outstanding to down- 


right incompetent. Then why the de- 
sire for a foreign medical graduate 
with high academic achievements 
only? Moreover, why is postgraduate 
training in a US hospital accredited 
for teaching and training not a suffi- 
cient qualification to practice medi- 
cine in the United States? After all, 
these hospitals are considered fit for 
postgraduate training for all physi- 
cians, not only foreign medical gradu- 
ates. All foreign medical graduates 
who are practicing medicine have 
earned their right to practice medi- 
cine by passing rigorous and competi- 
tive licensure and certification exami- 
nations. Nobody bestowed the honor 
of practicing medicine on the foreign 
medical graduate. 

I think it is high time that the con- 
cerned authorities stop being hypo- 
critical about the foreign medical 
graduate “problem.” They want for- 
eign medical graduates for cheap la- 
bor to fill their “work residency pro- 
grams” but not to practice medicine 


in this country. If a foreign medical 


graduate chooses to stay here and 
practice medicine, he is exercising the 
fundamental human right of freedom 
of choice. 
YasH P. LAKRA, MD 
Pontiac, Mich 


Specialization and 
Superspecialization in Surgery 

To the Editor.—In the August issue 
of the ArRcHIves (109:139, 1974), 


Charles Eckert, MD, stands against 
giving to vascular surgery the status 


of a specialty with specific training © 


and certification. He argues that the 
great advances in the surgical spe- 
cialties have come from the “giants of 
the past generation,” surgeons of 
wide interests. While this is true with 
regard to the birth of vascular sur- 
gery (there were no vascular surgeons 
then), it should not imply that ad- 
vances have continued from the same 


source. They have, in fact, been made > 
by men who dedicated their work and- 


thought to this specialty. 
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Dr. Eckert believes that the special- 
ist is less likely to expand knowledge 
than the surgeon who has the general -4 
perspective. Progress in vascular sur- 
gery is to come from much inter- 
disciplinary work (new prostheses, 
flow measurements, noninvasive eval- 
uation). This adds breadth to depth, 
expands rather than confines the 
frontiers of surgery, general or other- 
wise. Vascular surgeons need clear 
concepts about flow mechanics, bio- 
materials, and thrombosis dynamics. 
This knowledge is not acquired in an 
average general surgical residency, 
nor are residents exposed to an ade- 
quate number of vascular patients. 
Some vascular operations will con- 
tinue to be in the province of general 
surgery; residents should learn them 
through rotation on vascular services. 
Those who wish to establish them- 
selves in vascular surgery should take 
additional training and a certifying 
examination. This will result in a 
minimum standard of competency, 
one that cannot be inferred today 
from a diploma of either the Ameri- 
can Board of Surgery or the Ameri- 
can Board of Thoracic Surgery. 
There is a bit of the sadness of 
parting with one’s children in the re- 
luctance to recognize vascular sur- 
gery as a specialty. This one has ma- 
tured and demands a recognition 
that, I respectfully submit, should be 
given. 
RAMON BERGUER, MD 
Detroit 


Adynamic lleus of the Colon 


To the Editor.—In his report on the 
management of adynamic ileus of the 
colon (Arch Surg 109:503, 1974), Dr. 
Adams notes that, among his 20 pa- 
tients, maximal distention was inva- 
riably segmental with an apparently 
abrupt “cutoff” of the more severely 
distended proximal part of the colon. 

The only possible explanation for this 
situation, in the absence of organic 
obturation or extrinsic compression, 
would be a kink or local spasm of the 
bowel. The fact that in every case the 
location of the “cutoff” was at one 
of the major bowel flexures, and the 
ease with which contrast agent ad- 
ministered under pressure in retro qq 
grade fashion flowed through the 
“cutoff” point, strongly suggest a 
kink due to overdistention. ( 

It would appear, therefore, that 

the basic objective of management in, Se 
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such cases is prompt decompression of 


proximal ligation, followed by an in- 





ternal jugular vein disintegrated in a 





*. the proximal part of the dilated seg- terval of seven to 14 days for anti- field made septic by an esophageal — 
ment. biotic therapy, and then distal li- fistula. This patient was also treated k 
An ordinary rectal tube would rare- gation. Vascular reconstruction “will with proximal and distal ligation of =E 
ly be long enough to accomplish this almost always be prevented by the the common carotid artery and has no 
purpose. But it is suggested that with absence of an uninvolved tissue neurological deficit. Autogenous re- 
a long maneuverable tube, such as a plane, due to the extent of soft tissue construction in all four patients 
Seldinger catheter, in the hands of a infection.” They avoided any discus- would have required placement of a 
radiologist experienced in arteriogra- sion of the possibility of carotid ar- graft in the bed of an abscess cavity. 
phy, under fluoroscopic control, there tery stump pressures as a means of The fate of such a graft is dis- 
would be little difficulty in achieving determining which patients might integration of the wall or rupture of 
prompt and satisfactory decompres- benefit from arterial reconstruction the anastomosis, resulting in sudden 
sion, in most instances, without resort or, conversely, which patients could exsanguinating hemorrhage or death _ 
to surgery. Anyone who can manipu- safely tolerate carotid ligation. from airway obstruction due to a rap- 
late a catheter into a selected branch I am certain that the outcome in idly expanding hematoma. Therefore, 
of the celiac axis should have no prob- these cases was what we would all de- we believe arterial reconstruction is’ 
lem passing a kink or spasm of a colic sire. The means used, I think, are entirely inappropriate in such pa- 
flexure. inappropriate in light of information tients who lack an uninvolved ex- 
Perhaps surgeons confronted with available today regarding autogenous _ tra-anatomical tissue plane through ) 
the management of adynamicileus of | reconstruction in the face of sepsis which a vascular graft can be placed 
` the colon would be well advised to and the use of back pressures to de- with safety. 
seek the early assistance of the near- termine the tolerance of the brain in We did not consider measuring ca- 
est arteriographer. carotid ligation. The editorial com- rotid artery stump pressures as a 
eins J Aap AD ment does not bring to light these means of determining which patients 9 
North gy RE NY points, and I was concerned and could safely tolerate ligation since we 
yr i wanted to bring this to your atten- believed there to be no alternative 
Mycotic Aneurysm tion. but ligation. We agree entirely with 4% 
of the Carotid Artery ee ee Dr. Gardner Smith’s editorial com- a 
pe > ment that a certain number of pa- 
To the Editor.—I read with interest San Francisco tients with carotid artery ligation 
and chagrin the article “Mycotic An- Repl may develop neurological sequels. We 
eurysm of the Carotid Artery” (Arch ree, also believe that more serious sequels 
Surg 109:496, 1974) by Ledgerwood To the Editor.—Dr. Stoney implies may occur following attempts at vas- 
and Lucas, which was followed by an that, “in light of information avail- cular reconstruction. This was our ob- 
editorial comment by one of the AR- able today,” autogenous vascular re- jective in reporting these cases. l 
CHIVES editors. This article reported construction of the carotid artery in . 
three cases of mycotic aneurysms in the face of sepsis is appropriate. Ex- ANNA M. LepGerwoop, MD 
the carotid artery. Treatment in- perimentally, Foster and co-workers CHARLES E. Lucas, MD 
cluded proximal ligation of the in- demonstrated that vascular recon- Detroit 
nominate, left carotid, and left inter- struction in a septic field is usually 
nal carotid arteries. In the first two associated with disintegration of the a 
patients, a second operation was re- vessel wall or disruption of the : SN 
quired to place the distal ligature on anastomosis.: Recently, we treated a Pi ak bor! Serre oe si “SG 
the involved vasculature. The thrust fourth patient in whom the wall of tant ithe presence oe bacterial P e 2) : 
of this article seemed to emphasize the common carotid artery and thein- „Surg Gynecol Obstet 108:141-148, 1959. h. 
Ee 
CORRECTION K | 
Society Names Transposed.—In the EDITORIAL, FN 
“Vascular Surgery: Maturity or Fragmentation,” F 
published in the November ARCHIVES (109:603, 1974), Ga 
information given parenthetically in the last para- — 
graph is incorrect. The organizations, names of their A žy 
secretaries, and the addresses should read “Secre- x 
° tary of the North American Chapter of the Inter- @ 
ow T ° national Cardiovascular Society, William S. Blake- £. 
more, MD, Medical College of Ohio, Toledo, OH Eo 
43609; Secretary of the Society for Vascular Sur- 7 
gery, James A. DeWeese, MD, 260 Crittenden Blvd, q 
) z Rochester, NY 14642.” As published, the names of E- 
: the organizations were transposed. 
Fd < p 
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= Dorland’s Illustrated Medical Diction- 
a th ed 25, 1,748 pp, $21.50, WB Saunders Co, 
a Samuel Johnson, who certainly 
_ should have known, stated: “No dic- 
= tionary of a living tongue ever can be 
| a f perfect, since while it is hastening to 
= publication, some words are budding 
E a and some falling away. . . . Diction- 
BP bet are like watches: the worst is 
better than none, and the best cannot 
be expected to go quite true.” 
Since its debut 75 years ago, this 
E odu has had 25 editions. I must 
-confess that I have used the 22nd edi- 
= tion for the past 23 years without 
being aware that I was out of step 
=- with the times. Maybe we keep our 
= Old dictionaries because we feel com- 
= fortable with them, as we do with old 
= friends, and perhaps we have a reluc- 
= tance to discard them because we do 
= not wish to admit the passing of time. 
_ How can a reviewer assess a new 
dictionary? I am not sure, but I put it 
to some tests in my own ‘field of sur- 
E gery and found it accurate and in- 
- structive. It is well compiled, clearly 
p: gee and fairly priced. I would 
_ have preferred a stronger binding, 
F but I presume this would have in- 
5 creased the cost. From its first entry 
z (A or A) to its last (Z.Z. Z.”), it main- 
= tains a high standard that should help 
th all who value the written and spoken 
word. 










RosBERT M. GoLDwYN, MD 
Brookline, Mass 


Tumors of the Extra-adrenal Para- 
oF - ieanglion System (Including Chem- 
ae oreceptors), ed 2, by George G. Glenner and 
Philip M. Grimley, 90 pp, $4.50, Armed Forces 
Institute of Pathology, 1974. 


- E The tumor pathology fascicles pub- 
lished by the Armed Forces Institute 
i of Pathology, since their inception, 
Re nave established and maintained a 
standard of superior quality. This 
a most current publication continues in 
= this tradition. This is the “second edi- 
-~ tion” of this Armed Forces Institute 
a z of Pathology monograph; the first 
-~ was written by Philip M. LeCompte, 
~ MD, and published in 1951. 


D 
7 £- - . 
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Robert M. Goldwyn, MD 

Book Review Editor | 
1101 Beacon St | 
Brookline, Mass 02146 ; 


Although the subject matter, in ab- 
solute numbers of available clinical 
cases, represents a small fraction of 
all tumor cases that would be encoun- 
tered by any one surgeon, the current 
medical and biological interest in the 
manifestations of the neoplasms of 
extra-adrenal paraganglionic tissue 
has never been greater than at this 
present moment. This is, therefore, a 
timely publication. 

To my knowledge, a more concise 
and comprehensive statement con- 
cerned with this group of tumors, in 
terms of their pathological identi- 
fication and, when applicable, func- 
tional characteristics, is not available 
anywhere. The major force of this 
monograph is on the utilization of 
currently available morphological 
techniques and the natural history of 
these lesions, yet controversial areas 
not yet fully defined are discussed 
fairly. These authors are’ extremely 
well qualified for their task, and the 
illustrations are of the highest qual- 
ity. Nothing but high praise can be 
given to the writers for this splendid 
effort in an area of intrinsic interest 
but clinical rarity. 

This fascicle should become part of 
any medical library for those inter- 
ested in the pathology of this uncom- 
mon group of tumors that sometimes 
cause unusual metabolic syndromes. 
Because of the unusual, sporadic, and 
potential anatomical difficulties asso- 


ciated with treating these tumors 


surgically, practically any surgeon in 
any specialty may, at some time, be- 
come involved in their management. 


This is recommended as a model 


reference monograph to all interested 
in this very special group of neo- 
plasms. 
EARL J. Kaspon, MD 
Boston 


Methods of Clinical Examination: A 
Physiologic Approach, ed 3, edited by Rich- 
ard D. Judge and George D. Zuidema, 439 pp, 
$11.50 Sag $17.50 (hardcover), Little 
Brown & Co, 1974 


The third edition of this text has 
been thoroughly revised. The book, in 


Ae uch 





21 chapters, describes how to do a 
complete physical examination from 
head to toes. It was written for stu- 
dents who are being introduced to the 
clinical examination of the patient, 
and it achieves its goal very well. 
Each chapter follows the same pat- 
tern, with a glossary of common clini- 
cal terms, techniques of examination, 
and descriptions of abnormal find- 
ings. The chapter on the examination 
of the acutely injured patient is out- 
standing, and it is refreshing to see it 
in this type of textbook. The illustra- 
tions are lucid, and most chapters 
have a short list of references. The 
book in the paperback edition is com- 
pact, reasonably priced, and is highly 
recommended to medical students 
who are learning to examine patients. 

THOMAS W. BOTSFORD, MD 

Brookline, Mass 


Ferguson’s Surgery of the Ambula- 
tory Patient, ed 5, edited by Mark W. Wolcott, 
554 pp, $27, JB Lippincott Co, 1974. 


This new and extensively revised 
edition of the classic textbook of am- 
bulatory surgery has been thoughtful- 
ly prepared to meet the challenges 
presented by the current crisis in de- 
livery of health care, + particularly 
the rapidly rising costs of inpatient 
surgical care. 

The editor has succinctly described 
the indications and principles that 
govern the selection of patients for 
ambulatory surgery, and the book is 
introduced with an excellent chapter 
on the planning of an ambulatory 
surgical unit. 

The traditional regional anatomical 
approach is effectively utilized 
throughout the book, with partic- 
ularly strong sections on the scalp, 
face, salivary glands, breast, perianal 
region, back, geniounne? system, 
and extremities. Surgical patients 
usually are admitted with a reason- “lll 
ably well-localized complaint, so the 
value of the regional approach to 
diagnosis and treatment is clearly ap- 
parent. The chapters on anesthesia, 
dressings and bandages, wounds, in- 
fections, bites, burns, frostbite, and \ 
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foreign bodies are all excellent, with 
an appropriate balance of theory, prac- 


tical management, references, and il- 


lustrations. New chapters on cryosur- 
gery, access routes for hemodialysis, 
and the female reproductive tract are 
useful additions in this textbook. The 
section regarding the aftercare of 
ambulatory patients, including man- 
agement of intestinal stomas, is par- 
ticularly useful. 

It is not surprising that some 
surgeons would have differences of 
opinion regarding the management 
of various conditions, such as the ap- 
propriateness of the ambulatory sur- 
gical unit for thyroglossal duct cyst 
excision or reduction mammoplasty. 
Differences in emphasis might also be 
recorded by other surgeons. For ex- 
ample, a more precise definition of 
the appropriate techniques of biopsy 
of cutaneous lesions and the min- 
imum permissible surgery for basal 
and squamous cancers of the skin 
would be helpful to the neophyte sur- 
geon. Surgical oncologists generally 
emphasize the importance of a thor- 
ough complete physical examination 
and otolaryngological examination 
prior to excisional biopsy of a cervical 
lymph node, and such a statement 
would be an appropriate preliminary 
comment in the section on lymph 
node biopsy. The variations in tech- 
niques used in minor surgical proce- 
dures are virtually limitless, and the 
editor and authors must select the 
procedures that they believe are most 
useful and safe. For this reason, it is 
not unexpected that alternative pro- 
cedures will occasionally escape com- 
ment, such as immediate blunt enu- 
cleation under local anesthesia for 


_ plantar warts. 


Dr. Wolcott and his coauthors 
have produced a thoroughly enjoyable 
textbook for students, residents, and 
practitioners. The book is attractively 
priced, and is of a convenient size and 
length. It is certain to be useful in the 
office, the outpatient department, and 
the emergency room. 

| GEORGE J. HILL II, MD 
St. Louis 


Kazanjian & Gonverse’s Surgical 
Treatment of Facial Injuries, ed 3, vol 1 


— Fà 2, by John M. Converse, 1,482 pp, $67.50, Wil- 


N 


liams & Wilkins Co, 1974. 


This third edition of the Surgical 
Teeatment of Facial Injuries follows 
its well-known predecessors of 1949 


sf and 1959. Updated, it is now two yol- 
1 


umes and provides more than an ex- 
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cellent coverage of facial injuries. It 
is truly a panorama of plastic surgery 
with an insightful perspective. In ad- 
dition to information on interdental 
wiring and correction of progna- 
thism, to cite examples, we are also 
given chapters on wound healing, 
rhinoplasty, skin flaps, grafts, facial 
paralysis, and burns of the head and 
neck. As a reader, I always appreciate 
receiving more rather than less. Some 
might find, however, such a scope less 
necessary today than 25 years ago 
when readers had less background in 
plastic surgery and when just a few 
texts in this field existed. It would be 
easy and small-minded for a reviewer 
to note the inevitable lacunae in a 
work of such proportions. To do so 
would detract from the significant 
achievement of this classic. The 
growth of plastic and reconstructive 
surgery in this century has been due 
in large measure to the accom- 
plishments of Drs. Kazanjian and 
Converse. What they have given us 
here is really a life opus, which justi- 
fiably merits our respect and grat- 
itude. 

RoBERT M. GoLpwyn, MD 

Brookline, Mass 


Fluid, Electrolyte and Nutrient Ther- 
apy in Surgery, by Edward E. Mason, 352 pp, 
$12.50, Lea & Febiger, 1974. 


This 12-chapter book was written 
by the author “over several years af- 
ter 20 years of practical experience 
with patients and students” of fluid, 
electrolyte, and nutritional therapy. 
It is not intended to be encyclopedic 
in scope, but a practical guide to daily 
patient care for medical students, 
surgical residents, and practicing sur- 
geons. Basic patient care is covered 
with a minimum of detailed formulas 
and mathematics, and there are suffi- 
cient references for one who is inter- 
ested in more detailed study. 

The discussion evolves from the ba- 
sic theme of metabolism in surgical 
patients. The first chapter presents 
an overview of metabolic care and 
fluid balance. The next three chapters 
are devoted to water and solute con- 
trol. Chapters 5 and 6 are concerned 
with acid-base balance by the lungs 
and kidneys. Chapters on nutrition, 
shock, and acute renal failure com- 
plete the basic theme as related to 
preoperative and postoperative care. 
The final chapter, on burns, ties all 
these together in the care of a specific 
problem. | 


Interjected among the topically 


relevant chapters, however, are 
rather bothersome wanderings into 
peripheral subjects. A special chapter 
on bypass operations in obesity and 
lipemia and a chapter on calcium and 
phosphorus metabolism seem out of 
place with the general theme of the 
book. Moreover, if such nutrition-re- 
lated topics are to be specifically 
discussed, one might also expect chap- 
ters on thyroid, adrenal, and pancre- 
atic surgery. | 
Personal case reports, disease re- 
views, animal experiments, and data 
from human research are combined to 
make interesting reading, but the 
lack of organization and the dis- 
jointed pattern of discussion jeop- 
ardize one stated purpose of the book; 


that is, one would find difficulty in | 


using the book as a reference without 
having previously read it in its en- 
tirety. 
Tuomas H. Covey, JR., MD 
St. Louis 


Intra-aortic Balloon Pumping Man- 
ual, by Penny J. Ford and Ronald M. Wein- 
traub, Beth Israel Hospital, 1974. 


The Intra-aortic Balloon Pumping 
Manual by Penny J. Ford, RN, and 
Ronald M. Weintraub, MD, should be 
a welcome addition to the hospitals 
now employing this type of system. 
For a number of years, intra-aortic 
balloon pumping has been going 
through developmental stages. Along 
with this, printed instructions were 
largely developed by each institution. 
It is gratifying to see that a very 
complete manual on balloon pumping 
is now available. 

Clearly and concisely written, it ex- 
plores the physiology of balloon pump- 
ing and the indications as they have 
changed over the years at the Beth 
Israel Hospital, Boston. In addition, 
there are excellent descriptions of the 
balloon and the console, along with 
specific instructions on insertion of 
the balloon. The section on trouble- 
shooting will prove to be particularly 
helpful to the personnel. It is an ex- 
cellent manual, not only for those 
with experience with balloon pump- 
ing but particularly for those institu- 
tions beginning to develop such a pro- 
gram. I, therefore, recommend this 
manual highly and believe it should 
be present with the console at all 
times. 

WINFRED L. SuaG, MD 
Dallas 
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Post-Graduate 
Medical Education Seminars 
in the Puerto Rican Sun 


Choose the week you want to travel and learn in Puerto Rico: 


April 5-12, 1975 

April 12-19, 1975 

April 19-26, 1975 
April 26-May 3, 1975 


Postgraduate medical education courses will be conducted by internationally 
reknowned English-speaking faculty, many from the University of Puerto 
Rico. 


Courses will focus on health concerns indigenous to Puerto Rico and the 
Caribbean which can be of horizon-broadening interest to primary care 
physicians in the temperate zone. Topics will include “Diagnosis and Man- 
agement of Tropical and Non-Tropical Sprue,” “Shellfish and Other Marine 
Poisons,” “Dermatology for the Non-Dermatologists, Including Sub-Tropi- 
cal Skin Problems.” 


Courses are acceptable for 20 hours Category I credit per week. 


Send for details on this and other travel-education seminars the AMA has 
planned for 1975, or call the “hot-line” number 800-228-9290. 


AMA Travel Seminars—yet another benefit for AMA members. 


PLEASE SEND ME A BOOKLET DESCRIBING ALL THE NEW 
TRAVEL-EDUCATION PROGRAMS FOR 1975 











| ! 
| | 
I i 
| l 
i (AS175) ı 
| Name 
! i 
i Address 
| City/State/Zip | 
` ; i |] 

| AMA Travel Seminars/535 North Dearborn Street/ Chicago, Illinois 60610! 
| 


Santyl® (collagenase) 


Indications: Santy! Ointment is indicated for debri 
ing dermal ulcers and severely burned areas. In othe 
types of necrotic skin lesions reports on the use o 
Santyl Ointment have been limited to clinical observ: 
tions without controls. 


Contraindications: Application is contraindicated il 
patients who have shown local or systemic hyperse! 
Sitivity to Collagenase. 


Precautions: The enzyme's optimal pH range is 7 t 
8. Lower pH conditions have a definite adverse effec 
on the enzyme's activity, and appropriate precaution: 
should be taken. 


The enzymatic activity is also adversely affected b 
detergents and hexachlorophene and heavy metal ion: 
Such as mercury and silver which are used in some 
antiseptics. When it is suspected such materials have 
been used, the site should be carefully cleansed b) 
repeated washings with normal saline before Santy 
Ointment is applied. Soaks containing metal ions o 
acidic solutions such as Burow’s solution should be 
avoided because of the metal ion and low pH. Clean: 
ing materials such as hydrogen peroxide or Dakin’: 





solution do not interfere with the activity of the enzyme 


Debilitated patients should be closely monitored for 
systemic bacterial infections because of the theoreti 
cal possibility that debriding enzymes may increase 
the risk of bacteremia. 


The ointment should be confined to the area of the 
lesion in order to avoid the risk of irritation or macer 
ation of normal skin. 


A slight erythema has been noted occasionally in the 
Surrounding tissue particularly when the enzyme oint 
ment was not confined to the lesion. This can be read 
ily controlled by protecting the healthy skin with a 
material such as Lassar's paste. 


Since the enzyme is a protein, sensitization may de 
velop with prolonged use although none has been 
observed to date. 


Adverse Reactions: Adverse reactions to Collagenase 
have not been noted when used as directed. 


Dosage & Administration: Santyl Ointment should be 
applied once daily (or once every other day in the 
case of outpatients) in the following manner. 


(1) Prior to application the lesions should be gently 
cleansed with a gauze pad saturated in normal saline 
buffer (pH 7.0-7.5) or hydrogen peroxide to remove 
any film and digested material. 


(2) Whenever infection is present, as evidenced by 
positive cultures, pus, inflammation or odor, it is de 
sirable to use an appropriate topical antibacterial agent, 
Neomycin-Bacitracin-Polymyxin B (Neosporin) has 
been found compatible with Santyl Ointment. This 
antibiotic should be applied to the lesion in powder 
form or solution prior to the application of Santyl 
Ointment. Should the infection not respond, therapy 
with Santy! Ointment should be discontinued until 
remission of the infection. 


(3) Santyl Ointment should be applied (using a wooden 
tongue depressor or spatula) directly to deep wounds 
or, when dealing with shallow wounds, to a sterile 
gauze pad which is then applied to wound. The wound 
is covered with sterile gauze pad and secured with 
clear tape or Kling bandage. 


(4) Crosshatching thick eschar with a #11 blade is 
helpful. It is also desirable to remove as much loos. 
ened detritus as can be done readily with forceps and 
Scissors. 


(5) All excess ointment should be removed each time 
dressing is changed. 


(6) Use of the ointmest should be terminated when 
sufficient debridement of necrotic tissue has taken 
place. $ > 


~, 
Overdose: Action of the enzyme may be stopped, 
should this be desired, by the application of Burow’s 
solution U.S.P. (pH 3.6-4.4) to the lesion. 


How Supplied: Santyl Ointment contains 250 units of 
Collagenase enzyme per gram of white petrolatum 
U.S.P. The potency assay of Collagenase is based én 
the digestion of undenatured collagen (from bovine, 
Achilles tendon) at pH 7.2 and 37° C. for 24 a. seh 
The number of peptides cleaved are measure by 
reaction with ninhydrin. Peptides released by a taR 
sin digestion control are subtracted. One net Collage: 
nase unit will solubilize ninhydrin reactive material 
equivalent to 4 micromoles of Leucine. 
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M.J. 56 years old 
multiple sclerosis, 
contractures of lower 





A.R. 79 years old 
Cerebral arteriosclerosis, Spinocerebellar 
cerebral thrombosis with degeneration, paraplegia, 


M.F. 52 years old 





residual right hemiplegia, epilepsy 
vascular insufficiency of 
both legs 
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P.J.: One of 17 patients with dec 
treated with SANTYL* 

P.J., 83 years old, has Parkinson's disease and general 
atherosclerosis—conditions that make him particularly 
vulnerable to decubitus ulcers. An ulcer developed on 


the occipital area of his head and remained resistant to 
conventional therapy for one month(A). 


Just ten days after once-daily applications of SANTYL 
began, P.J.’s ulcer was completely free of necrotic 
material, the inflammation had subsided, and fresh 
granulation tissué was well established(B). As photo (C) 
demonstrates, 42 days after SANTYL was discontinued, 
P.J.’s decubitus ulcer was completely healed. 
Seventeen of 21 nursing-home patients recently treated 
with SANTYL also experienced very favorable results* 
jl he investigator concluded: 
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SANTYL® Ointment “...is an effective and safe debriding 
agent which promptly attacks necrotic matter and fibers 


of wndenatured collagen, paving the way for granulation, 
epithelization and healing?” ARSU 2 


See adjoinime column for contraindications, precautions, and adverse reactions. 


~~ F 
. p 
e a 1o ' » 





extremities 


e digests native collagen, a 
substance ordinarily resistant 
to all common enzymes used in 
wound debridement 


e dissolves denatured collagen, 
the main constituent of dense 
eschar and necrotic debris 


e dissolves collagenous strands 
that anchor debris to the wound 
surface 

e debrides rapidly 

e simple, once-a-day application 

e easy to use; merely cleanse the 
lesion with normal saline or 
hydrogen peroxide and apply 
SANTYL 

e may be used with Neosporin” 
Powder if infection is present 

e available in 25 gm jars as 
sterile ointment 


*Rao DB: Collagenase in the treatment of dermal and 


decubitus ulcers. J Amer Geriat Soc, to be published. 
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space Age Microbicidal Powe! 


For optimal preoperative skin degerming — BETADINE Surgical Scrub. Chosen 
by NASA for Apollo 11/12/14 splashdowns, BETADINE Surgical Scrub provides 
a golden microbicidal lather-for prepping the operative site...kills both gram- 
positive and gram-negative bacteria (including antibiotic-resistant strains), fungi, 
viruses, protozoa and yeasts... promptly achieves full microbicidal effect with 
each usage. (In the rare instance of local irritation or sensitivity, discontirue use 
in the individual.) ; 


To enhance antisepsis—BETADINE Solution or BETADINE Aerosol Spray. After 
initial prepping with BETADINE Surgical Scrub, paint the operative area with 
BETADINE Solution (chosen by NASA for the Skylab mission), or spray with 
BETADINE Aerosol Spray...both are fully microbicidal and film-forming... 
maintain microbicidal activity in the presence of blood, pus and serum...treated 
area may be bandaged, taped or covered by a cast. 


To help maintain postoperative antisepsis— Reapply BETADINE Solution or 
BETADINE Aerosol Spray after suturing and during redressing. BETADINE 
microbicides are virtually nonirritating and do not stain skin and natural fabrics. 


PHOTOGRAPH: SKYLAB IN ORBIT, COURTESY OF THE NATIONAL AERONAUTICS AND SPACE ADMINISTRATION. 


Purdue Frederick 
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Oral Valium (diazepam) can provide 
dependable relief when the patient 
hospitalized for general surgery 
experiences excessive psychic tension 


__ It's natural for the patient to be somewhat anxious about a 
sur sical procediire, And often your reassurance and counseling can allay 
the apprehension. But sometimes, despite these measures, excessive anxiety 
causes the patient undue strain. At these times, Valium can be beneficial. 
It's provided in three tablet strengths, so dosage can be easily individualized 
to gain optimal response promptly. And if anxiety and tension are especially 
troublesome at bedtime, an /.s. dose can be added to a b.i.d. or t.i.d. regimen. 
Valium is usually well tolerated in recommended dosages: 
lower initial doses (2 to 21⁄2 mg) should be used for the elderly or debilitated 
to avoid ataxia or oversedation. 
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Injectable Valium (diazepam) adjunctively 
prior to surgery or endoscopic procedures 
can relieve acute anxiety and diminish recall 
Although the strang 










| ie: | ve surroundings and impending sur- 
gical or endoscopic procedures have been described and explained, they 
may still produce acute anxiety in som 1e patients. Injectable sig (I.M. 
preferred for surgery and I. V. for endoscopy) can calm the | 0a ‘the 










Also, Valium frequently diminishes pati ‘unpleasant € 
Pcie tg Eai mi 
scopic procedure — an important consideration ifa repea Lys xamiunatior 
- necessary. oe 
“a Injectable Valium seldom significan alters vital si 
but resuscitative facilities should be available since there rh ve been o 
sional reports of apnea and cardiac arrest. These have o Oc ured DE 
in the elderly, in very ill patients or those. with’ limited p pul onary reserve; 
therefore, lower doses —usually 2 to 5 mg — should be z for this group. 


Valium (diazepam) is useful in orthopedic 
7 mirga and can help break the cycle of 


J7 when associated with local pathology or trauma 

2%) Skeletal muscle spasm may precede orthopedic surgery, 
as in the case sol disc injuries, Or follow it, as when certain fractures are set. 
In either case, Valium can be a helpful adjunct — 2 to 10 mg, 3 or 4 times 
daily, can help relax skeletal muscle spasm, often increasing the patient’s 
range of mobility. 


—— Valtum (diazepam) 


one versatile drug in surgery 





Please turn page for a summary of product information. 
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© Valium diazepam) 2-mg, 


5-ms , 10-mg tablets 


ready-to-use 2-ml Tel-E-Ject* (disposable syringes) 


Before prescribing, please consult complete product infor- 
mation, a summary of which follows: 

Indications: Tension and anxiety states; somatic complaints 
which are concomitants of emotional factors; psychoneurotic 
states manifested by tension, anxiety, apprehension, fatigue, de- 
pressive symptoms or agitation; symptomatic relief of acute agi- 
tation, tremor, impending or acute delirium tremens and halluci- 
nosis due to acute alcohol withdrawal; adjunctively in: relief of 
skeletal muscle spasm due to reflex spasm to local pathology; 
spasticity caused by upper motor neuron disorders; athetosis; 
stiff-man syndrome. Oral form may be used adjunctively in con- 
vulsive disorders, but not as sole therapy. Injectable form may 
also be used adjunctively in: status epilepticus; severe recurrent 
seizures; tetanus; anxiety, tension or acute stress reactions prior 
to endoscopic and surgical procedures; cardioversion. 

Contraindications: Use of Injectable in infants and Tablets 
in children under 6 months of age; known hypersensitivity to drug; 
acute narrow angle glaucoma; may be used in patients with open 
angle glaucoma who are receiving appropriate therapy. 

Warnings: As with most CNS-acting drugs, caution patients 
against hazardous occupations requiring complete mental alert- 
ness (e.g., operating machinery, driving). Advise patients against 
simultaneous ingestion of alcohol and other CNS depressants. 


_ Withdrawal symptoms (similar to those with barbiturates and al- 


cohol) have occurred following abrupt discontinuance (convul- 
sions, tremor, abdominal and muscle cramps, vomiting and 
sweating). Keep addiction-prone individuals (drug addicts or 


= alcoholics) under careful surveillance because of their predispo- 


sition to habituation and dependence. Use of any drug in preg- 
nancy, nursing women or in women of childbearing potential re- 
quires that expected benefit be weighed against possible hazard. 

ORAL: Not of value in treatment of psychotic patients; should 
not be employed in lieu of appropriate treatment. When using oral 
form adjunctively in convulsive disorders, possibility of increase 
in frequency and/or severity of grand mal seizures may require 
increase in dosage of standard anticonvulsant medication; abrupt 


withdrawal in such cases may also be associated with temporary 


increase in frequency and/or severity of seizures. 

INJECTABLE: When used I.V., the following procedures should 
be undertaken to reduce the possibility of venous thrombosis, 
phlebitis, local irritation, swelling, and, rarely, vascular impair- 
ment. Inject slowly, taking at least one minute for each 5 mg 
(1 ml) given; do not use small veins, i.e., dorsum of hand or wrist; 
extreme care should be taken to avoid intra-arterial administra- 
tion or extravasation. Do not mix or dilute with other solutions or 
drugs; do not add to !.V. fluids. 

Administer with extreme care to elderly or very ill and those 
with limited pulmonary reserve because of possibility of apnea 
and/or cardiac arrest; resuscitative facilities should be available. 
When used with narcotic analgesic, eliminate or reduce narcotic 
dosage at least 1⁄3 and administer in small increments. Not rec- 
ommended for OB use until additional information is available. 
Should not be administered to patients in shock, coma or in acute 
alcoholic intoxication with depression of vital signs. 

_ Precautions: If combined with other psychotropics or anti- 


= convulsants, carefully consider individual pharmacoiogic effects 
—particularly with known compounds which may potentiate ac- 


tion of Valium (diazepam), such as phenothiazines, narcotics, 
barbiturates, MAO inhibitors and other antidepressants. Protec- 
tive measures indicated in highly anxious patients with accom- 
panying depression who may have suicidal tendencies. Observe 
usual precautions in impaired hepatic function; avoid accumula- 


tion in patients with compromised kidney function. Limit oral dos- 


age to smallest effective amount in elderly and debilitated to pre- 
clude ataxia or oversedation (initially 2 to 21⁄2 mg once or twice 
daily, increasing gradually as needed or tolerated). 

INJECTABLE: Laryngospasm and increased cough reflex are 
possible during peroral endoscopic procedures; use topical anes- 
thetic and have necessary countermeasures available; hypoten- 
sion or muscular weakness possible, particularly when used with 
narcotics, barbiturates or alcohol. Use lower doses (2 to 5 mg) 
for elderly and debilitated; safety and efficacy in children under 
12 not established. 

Adverse Reactions: Side effects most commonly reported 
were drowsiness, fatigue and ataxia. Infrequently encountered 
were confusion, constipation, depression, diplopia, dysarthria, 


2-ml ampuls ;5 mg/ml — 
1Q-ml vials 


headache, hypotension, incontinence, jaundice, changes in libido, 
nausea, changes in salivation, skin rash, slurred speech, tremor, 
urinary retention, vertigo and blurred vision. Paradoxical reac- 
tions such as acute hyperexcited states, anxiety, hallucinations, 
increased muscle spasticity, insomnia, rage, sleep disturbances 
and stimulation have been reported; should these occur, use of 
the drug should be discontinued. 

Because of isolated reports of neutropenia and jaundice, 
periodic blood counts and liver function tests are advisable dur- 
ing long-term therapy. Minor changes in EEG patterns, usually 
low-voltage fast activity, have been observed in patients during 
and after Valium (diazepam) therapy and are of no known 
significance. 

INJECTABLE: Venous thrombosis and phlebitis at injection 
site, hypoactivity, syncope, bradycardia, cardiovascular collapse, 
nystagmus, urticaria, hiccups, neutropenia. 

In peroral endoscopic procedures, coughing, depressed res- 
piration, dyspnea, hyperventilation, laryngospasm and pain in 
throat or chest have been reported. 

Dosage: Individualized for maximum beneficial effect. 

oraL—Adults: Tension, anxiety and psychoneurotic states, 
2 to 10 mg b.i.d. to q.i.d.; acute alcohol withdrawal, 10 mg t.i.d. 
or q.i.d. in first 24 hours, then 5 mg t.i.d. or q.i.d. as needed; 
adjunctively in skeletal muscle spasm, 2 to 10 mg t.i.d. or q.i.d.; 
adjunctively in convulsive disorders, 2 to 10 mg b.i.d. to q.i.d. 
Geriatric or debilitated patients: 2 to 2⁄2 mg 1 or 2 times daily 
initially, increasing as needed and tolerated. (See Precautions.) 
Children: 1 to 242 mg t.i.d. or q.i.d. initially, increasing as needed 
and tolerated (not for use under 6 months). 

INJECTABLE: Usual initial adult dose is 2 to 20 mg 1.M. or I.V., 
depending on indication and severity. Larger doses may be re- 
quired in some conditions (tetanus). In acute conditions injection 
may be repeated within 1 hour, although interval of 3 to 4 hours 
is usually satisfactory. Lower doses (usually 2 to 5 mg) with slow 
dosage increase for elderly or debilitated patients and when seda- 
tive drugs are added. (See Warnings and Adverse Reactions.) 

I.M. use: by deep injection into the muscle. 

I.V. use: inject slowly, take at least one minute for each 5 mg 
(1 ml) given. Do not use small veins, i.e., dorsum of hand or wrist. 
Use extreme care to avoid intra-arterial administration or extrava- 
sation. Do not mix or dilute with other solutions or drugs; do not 
add to I.V. fluids. 

Moderate psychoneurotic reactions, 2 to 5 mg I.M. or I.V. 
and severe psychoneurotic reactions, 5 to 10 mg I.M. or I.V., 
repeat in 3 to 4 hours if necessary; acute alcoholic withdrawal, 
10 mg I.M. or I.V. initially, then 5 to 10 mg in 3 to 4 hours if nec- 
essary; muscle spasm, 5 to 10 mg I.M. or I.V. initially, then 5 to 
10 mg in 3 to 4 hours if necessary (tetanus may require larger 
doses); status epilepticus, severe recurrent convulsive seizures, 
5 to 10 mg I.M. or I.V. initially, repeat in 2 to 4 hours if necessary. 
In endoscopic procedures, titrate I.V. dosage to desired sedative 
response, generally 10 mg or less but up to 20 mg (if narcotics 
are omitted) immediately prior to. procedure; if I.V. cannot be 
used, 5 to 10 mg I.M. approximately 30 minutes prior to proce- 
dure. As preoperative medication, 10 mg |.M.; in cardioversion, 
5 to 15 mg I.V., within 5 to 10 minutes prior to procedure. Once 
acute symptomatology has been properly controlled with inject- 
able form, patient may be placed on oral form if further treat- 
ment is required. 

Management of Overdosage: Manifestations include somno- 
lence, confusion, coma and diminished reflexes. Monitor respira- 
tion, pulse, blood pressure; employ general supportive measures, 
I.V. fluids, adequate airway. Immediate gastric lavage indicated 
for overdosage with tablets. Use levarterenol or metaraminol for 
hypotension, caffeine and sodium benzoate for CNS-depressive 
effects. Dialysis is of limited value. 

Supplied: Tablets, 2 mg, 5 mg and 10 mg; bottles of 10@afnd 
500. All strengths also available in Tel-E-Dose® (unit dose) Pali 
ages of 100. Ampuls, 2 ml, boxes of 10; Vials, 10 ml, boxes of ¥; 
Tel-E-Ject® (disposable syringes), 2 ml, boxes of 10. Each ml 
contains 5 mg diazepam, compounded with 40% propylene gly- 
col, 10% ethyl alcohol, 5% sodium benzoate and benzoic acid as 
buffers, and 1.5% benzyl alcohol as preservative. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. e 
Nutley, New Jersey 07110 
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EDITORIALS 
"Ultrasound and Abdominal Abscesses 245 


Edward H. Smith, MD, Boston 


Reconstruction After Mastectomy 246 
Robert M. Goldwyn, MD, Brookline, Mass 


SPECIAL ARTICLE 


Some Clinical Implications of Adrenergic Receptors in the Urinary Tract 247 
Marco Caine, MS, FRCS, Shlomo Raz, MD, Jerusalem, Israel 


Horizons of knowledge are extending and leading to new therapies. 


ORIGINAL ARTICLES 


Intestinal Necrosis and Perforation After Renal Transplantation 251 
Robert H. Demling, MD; Oscar Salvatierra, Jr., MD; 
Folkert O. Belzer, MD, San Francisco 


Seven patients reported; immunosuppression presumably responsible. 


End-to-Side Splenorenal Shunt for Treatment of Portal Hypertension 254 
Sarjit S. Gill, MS; Forrest C. Eggleston, MD; 
Chander M. Singh, MS, PhD, Ludhiana, India 


Of 19 cirrhotic patients, only one developed encephalopathy. 


Progression of Occlusive Atherosclerosis: 
Long-Term Administration of Pyridinol Carbamate 258 
Walter Redisch, MD; Roy H. Clauss, MD; Lawrence R. Rouen; 
Monique C. Katz, MD; Erwin N. Terry, MD, New York 
A double-blind study seemed to favor the drug. 
(Editorial comment by Richard Warren, MD, Boston) 


Perfusion of Ischemic Ulcers of the Extremity: 
A Prognostic Indicator of Healing 265 
Michael E. Siegel, MD; Frank A. Giargiana, Jr., MD; Buck A. Rhodes, PhD; 
G. Melville Williams, MD; Henry N. Wagner, Jr., MD, Baltimore 
May be best predictive test so far. 
(Editorial comment by Richard Warren, MD, Boston) 


Histocompatibility Antigens and Solid Malignant Neoplasms 269 
John L. Tarpley, MD; Paul B. Chretien, MD; G. Nicholas Rogentine, Jr., MD; 
Patrick L. Twomey, MD; A. Lee Dellon, MD, Bethesda, Md 
Elevations of HL-A antigens observed in most solid 
malignant neoplasms. 


Nitrogen Balance in Postoperative Patients Receiving Parenteral Nutrition 272 
Charles W. Van Way Ill, MD; H. C. Meng, MD, PhD; 
Harold H. Sandstead, MD, Nashville, Tenn 
Strive for positive nitrogen balance; no halfway measures. 
(Editorial comment by Arthur E. Baue, MD, St. Louis) 


Clinical Manifestations of Splenic Abscess 281 
Khalil I. Abu-Dallo, MD; Yona Manny, MD; Shmuel Penchas, MD; 
Zvi Eyal, MD, Jerusalem, Israel 


Etiologic agent obscure and diagnosis difficult in two patients. 


Emergency and Urgent Operations for Ulcerative Colitis: 
The Procedure of Choice 284 


Sheldon C. Binder, MD; Harry H. Miller, MD; 
Ralph A. Deterling, Jr., MD, Boston 


One-stage total proctocolectomy advised. 
(Editorial comment by Richard Warren, MD, Boston) 
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y Contents continued from,p 231. 
5 Hypophysectomy in Metastatic Breast Cancer 293 
a John C. VanGilder, MD, Ira S. Goldenberg, MD, New Haven, Conn 
E Important palliative procedure under strict indications. 
= Cardiorespiratory Responses to Dextran 40: 

_ Hemodynamic and Oxygen Transport Changes in 
= Normal Subjects and Critically III Patients 296 
= Hireharu Matsuda, MD, William C. Shoemaker, MD, New York 
MO Found increases in plasma volume, blood flow, and oxygen transport. 
a 
4 A Survivors’ and Nonsurvivors’ Responses to Dextran 40: 

-Hemodynamic and Oxygen Transport Changes in Critically IIl Patients 301 

Hiroharu Matsuda, MD, William C. Shoemaker, MD, New York 

A Favorable cardiorespiratory responses are equal or better 
Zz in nonsurvivors. 
EXPERIMENTAL SURGERY 
k- 

_ Compensatory Hypertrophy of the Ileum After Gastroduodenojejunal 
= Exclusion 309 
n- M. David Tilson, MD; Thomas Sweeney, MD; 
if 2 Hastings K. Wright, MD, New Haven, Conn 
a Evidence for hormonal influence during compensatory 
ki. hypertrophy of intestine. 

í Cyclic AMP Response to Epinephrine and Shock 316 

= A. Hope McArdle, PhD; Chu-Jeng Chiu, MD; E. John Hinchey, MD, Montreal 

A Cyclic AMP increased markedly in blood but not in tissue. 

z CLINICAL NOTES 

Pinunobitration Hypercalcemic Crisis 321 


A John A. Henke, MD; Norman W. Thompson, MD; Herbert Kaufer, MD, Ann Arbor, Mich 


Diagnosis of immobilization hypercalcemia often delayed 
because it is not considered. 


x 


_ Hamartomatous Polyp of the Esophagus 326 
= Bhanukumar Shah, MD; Lawrence Unger, MD; Henry J. Heimlich, MD, Cincinnati 


ag Third known case. 


-= Control of Arteriovenous Fistula of Splenic Vessels by 
Fogarty Catheter 
‘ f: James V. Zelch, MD, Robert E. Hermann, MD, Cleveland 
Closure accomplished via catheter using Fogarty balloon 
and thrombin. 


329 


= Liver Failure After Jejunoileal Shunt 332 
= Maj Richard J. Andrassy, MC, USAF; Lt Col Roderick C. Haff, MC, USAF; 

E Capt Richard W. Lobritz, MC, USAF, Lackland Air Force Base, Tex 

Histologically proven reversal of postshunt fatty infiltration 


Ah after shunt takedown. 


w Detection and Localization of Intra-abdominal Abscesses by 
_ Diagnostic Ultrasound 
a F _ Richard O. Friday, MD; Patricio Barriga, MD; 
Andrew B. Crummy, MD, Madison, Wis 


Technique guided drainage in four patients. 


335 


Primary Abdominal Wall Abscess Diagnosed by Ultrasound 341 
Charles l. Weiner, MD, John N. Diaconis, MD, Baltimore 


ES Technique provided a sure distinction from cholecystic abscess. 
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PAIN RELIEF 
FOR THE MAJORITY 


NO.4-for pain intensity below the need for injectables 


As a rule, only pain that requires morphine is beyond the scope 
of Empirin® Compound with Codeine No. 4. That’s because it 
delivers a full grain of codeine. (In the preferred phosphate 
form.) Its antitussive action is particularly appreciated by 
patients with fractured ribs, and following chest or abdominal 
surgery. Its low addiction liability is a bonus for all patients who 
require potent analgesia. lem 
NO.3-for almostall other kinds of lesser pain Ss 
Most other kinds of lesser pain respond to Empirin Compound 


with Codeine No. 3—whether musculoskeletal, neurological, 
soft-tissue or visceral. One might say No. 3 is an “all-purpose” 


analgesic — not too little, not be Jie Wellcome Co. 









too much. Just right for your Research Triangle Park 
out-patients in these categories. Wellcome / North Carolina 27709 


EMPIRIN COMPOUND c CODEIN 


No.3,,codeine phosphate*(32.4 mg) gr 1⁄2- No.4, codeine phosphate*(64.8 mg) gr1 


Each tablet also contains aspirin gr 344, phenacetin gr 2%, cafteine gr ¥. 
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ted with postoperative recovery, 
_ radiation therapy, nitrogen mustard therapy, 
-acute situations and various medical conditions 
~ in which an antiemetic is indicated. 


= (Contraindicated in pregnancy, severe CNS depression, comatose states and 
We in patients who have demonstrated a hypersensitivity to phenothiazines.) 


* 





oh “A dosage form for each specific adult patient need: 


$ Ampuls (thiethylperazine) malate injection, 5 mg/cc for IM 
injection only* 





Suppositories (thiethylperazine) maleáte, 10 mg 





Tablets (thiethylperazine) maleate, NF 10 mg 


-Recommended adult dosage: 10-30 mg daily. 
__ The appropriate dosage of Torecan has not been determined 
f in children. 


“Intravenous administration is contraindicated due to 
the potentiality of severe hypotension. 


Torecan 


— (thiethyloerazine 





t 


-Boehringer Ingelheim 2 
Bohringer Ingelheim Ltd. 
_ Elmsford, New York 10523 
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Contraindications: Severą CNS.depression, 
comatose states, and in patients who have v 





demonstrated a hypersensitivity to phenothiazines 
(e.g., blood dyscrasias, jaundice). Because = — 
severe hypotension has been reported after the 
intravenous administration of phenothiazines, this 
route of administration is contraindicated. The 
drug is contraindicated in pregnancy. i, t 
Warnings: Phenothiazines are capable of R 
potentiating CNS depressants as well as atropine 
and phosphorous insecticides. The drug may ail 
impair mental and/or physical ability required in 
the performance of potentially hazardous tasks 
such as driving a car or operating machinery. 
Postoperative Nausea and Vomiting: When used 
to control postoperative nausea and vomitingin 
patients undergoing elective surgical procedures, 
restlessness and postoperative CNS depression — "i 
during anesthesia recovery may occur. Possible ` 
postoperative complications of a severe degree of 4 
any of the known reactions of this class of drug 
must be considered. Postural hypotension may 
occur after an initial injection, rarely with the a 
tablet or suppository. Do not use with epinephrine 
in the treatment of drug-induced hypotension as. 
phenothiazines may induce a reversed epinephrine _ 
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are levarterenol and phenylephrine. The use of E: 
Torecan has not been studied following intra- = 
cardiac and intracranial surgery. Not recom- = 
mended for use in children under 12 years of age, “i 
or in nursing mothers since safety and efficacy 
have not been established. a 
Precautions: Convulsions and abnormal move- 
ments such as extrapyramidal symptoms have , 
occurred. The varied extrapyramidal symptom _ 
complex is more likely to occur in young adults 
and children. Extrapyramidal effects must be E) 
treated by reduction of dosage or cessation of 7 
medication. For treatment of nausea and/or as 
vomiting associated with anesthesia and surgery,- bi 
the drug should be administered by deep intra- 
muscular injection at or shortly before the Jä 
termination of anesthesia. . 
Adverse Reactions: CNS: convulsions, extra- 
pyramidal symptoms such as dystonia, torticollis, — 
oculogyric crisis, akathisia and gait disturbances, — 
occasional cases of dizziness, headache, fever 
and restlessness have been reported. a 
Drowsiness may occur initially on injection but is | 
usually alleviated by a reduction in dosage. ` SOSE 
Dryness of the mouth and nose, blurred vision, —_ 
tinnitus; sialorrhea and altered gustatory sensa- 
tion. Peripheral edema of the arms, hands and 
face. Cholestatic jaundice; cerebral vascular a 
spasm and trigeminal neuralgia have been — 
reported occasionally. The following have occurred — 
with phenothiazine derivatives and shouldbe 
considered: agranulocytosis, leukopenia, = 
thrombocytopenia, aplastic anemia, pancytopenia, — 
eosinophilia, leukocytosis; miosis, obstipation, 
anorexia, paralytic ileus; erythema, exfoliative = 
dermatitis and contact dermatitis; jaundice, biliary — 
stasis. Hypotension, rarely leading to cardiac é: 
arrest; ECG changes. Akathisia, agitation, motor 
restlessness, dystonic reactions, trismus, torti- ` 
collis, opisthotonos, oculogyric crises, tremor, a i 
muscular rigidity, akinesia, some of which have 
persisted for several months or years especially 
in patients of advanced age with brain damage. 
Menstrual irregularities, altered libido, gyneco- 
mastia, weight gain; false positive pregnancy — in 
tests. Urinary retention, incontinence; fever, est, 
laryngeal edema and angioneuroticedema, asthma. — 
Hyperpyrexia, behavioral effects suggestive of a Ee 
paradoxical reaction, including excitement, bizarre 
dreams, aggravation of psychoses and toxic  — 
confusional states. ECG changes. While there is 
no evidence that ECG changes are in any way 
precursors of any significant disturbance of ER 
cardiac rhythm, sudden and unexpected deaths 
apparently due to cardiac arrest have been a 
reported in a few instances in hospitalized oor 
psychotic patients previously showing character- 
istic ECG changes. A peculiar skin-eye syndrome, — 
which is marked by progressive pigmentation of f 
areas of the skin or conjunctiva and/or accom- = 
panied by discoloration of the exposed sclera and — 
cornea, has also been recognized as a side effect — 
following long-term treatment. Opacities of the Ay 
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anterior lens and cornea described as irregular or 
stellate in shape have also been reported. __ 
Drug Interactions: Phenothiazines are capable of 
potentiating CNS depressants (e.g., anesthetics, 
opiates, alcohol, etc.) as well as atropine and — 
phosphorous insecticides. The drug.may inducea 
reversed epinephrine effect on occasion.- 1 ae 
For complete details, please see full prescribing 
information. sO 


‘ 








- h F 
EA 
"i q G 








ieee 
2 < z7 q > 


a ea te “ 
he 
Y 


ot) are 
2 "é le 


=Ni 
Da 


a 


E Kee = 
BR i it 





w 
i 
i x a” 


| Purdue Frederick 


Company .... 


R 


| Roche Laboratories, 


A 
Ayerst Laboratories ..... 306-308 
B 
Boehringer Ingelheim 
e. BEEN A ETA take ave 2 6's 234-235 
Burroughs Wellcome 
ee 233 
K 
3 Knoll Pharmaceutical Co ... 324-325 
L 
Lederle Laboratories, 
Division of American 
Cyanamid Company ..... 290-292 
M 
McGaw Laboratories ..... 314-315 
O 
Olympus Corporation 
eee 264 
P 
| Pfizer Laboratories, 
Division of 
Pfizer, Inc ...... 242-244, 278-280 


237, 277, 4th Cover 


‘Division of Hoffmann-LaRoche, 


me Sven 2nd Cover-230, 338-340 
S 
Smith Kline & French 
Laboratories .......... 238-240 
U 
USV Pharmaceutical 
Corporation ......... +. s 262-268 


TECHNIQUE 


Transsacral Repair of Rectal Prolapse 
Patrick F. Hagihara, MD, Ward O. Griffen, Jr., MD, PhD, Lexington, Ky 


Both rectal stalks fixed to sacrum. 


Weaning From Mechanical Breathing With Intermittent Mandatory 


Ventilation 
E. F. Klein, Jr., MD, Gainesville, Fla 


Provides a gradual transition rather than an abrupt discontinuance. 


An Intraluminal Technique for Arterial Occlusion During 
Renal Transplantation 
Frederick K. Merkel, MD, Chicago 


Neat trick to avoid crushing a diseased artery. 


SPECIAL COMMENTARY 


Alimentary Tract Carcinomas in Nigerian Igbos 
Wilson I. B. Onuigbo, PhD, MRCPath, Enugu, Nigeria 


The Education of a Chinese Surgeon 
Russell B. Roth, MD, Erie, Pa 
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Postgraduate Training in the United States 
for Foreign Medical Graduates 
F. C. Eggleston, MD, Ludhiana, India 


Defunctionalizing a Colostomy 
Richard F. Brodmann, MD, Harold R. Brodman, MD, Bronx, NY 


Occult Hemoptysis: latrogenic Aortobronchial Fistula 


Gerard S. Kakos, MD; Yash P. Kataria, MD; John S. Vasko, MD, Columbus, Ohio 


Books 


Vascular Disorders of the Extremities (Abramson) 
Reviewed by Richard Warren, MD, Boston 


Diagnosis and Early Management of Trauma Emergencies 
(Touloukian and Krizek, eds.) 
Reviewed by John J. Lamberti, MD, Chicago 


Disorders of the Knee (Helfet) 
Reviewed by Richard N. Stauffer, MD, Rochester, Minn 


The Etiology of Human Breast Cancer (Papaioannou) 
Reviewed by Richard E. Wilson, MD, Boston 


Basic Human Neuroanatomy (Watson) 
Reviewed by Ken R. Winston, MD, Boston 


Roentgen Diagnosis of the Vertebral Column (von Diethelm, ed.) 


Reviewed by Harry J. Griffiths, MD, Boston e 


Anaesthesiology (Miyazaki, et al, eds.) 
Reviewed by Leroy D. Vandam, MD, Boston 


Peripheral Vascular Surgery (Birnstingl, ed.) 
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pace Age Microbicidal Power 


For optimal preoperative skin degerming — BETADINE Surgical Scrub. Chosen 
by NASA for Apollo 11/12/14 splashdowns, BETADINE Surgical Scrub provides 
a golden microbicidal lather for prepping the operative site... kills both gram- 
positive and gram-negative bacteria (including antibiotic-resistant strains), fungi, 
viruses, protozoa and yeasts... promptly achieves full microbicidal effect with 
each usage. (In the rare instance of local irritation or sensitivity, discontinue use 
in the individual.) 


To enhance antisepsis—BETADINE Solution or BETADINE Aerosol Spray. After 
initial prepping with BETADINE Surgical Scrub, paint the operative area with 
BETADINE Solution (chosen by NASA for the Skylab mission), or spray with 
BETADINE Aerosol Spray...both are fully microbicidal and film-forming... 
maintain microbicidal activity in the presence of blood, pus and serum...treated 
area may be bandaged, taped or covered by a cast. 


To help maintain postoperative antisepsis— Reapply BETADINE Solution or 
BETADINE Aerosol Spray after suturing and during redressing. BETADINE 
microbicides are virtually nonirritating and do not stain skin and natural fabrics. 


PHOTOGRAPH: SKYLAB IN ORBIT, COURTESY OF THE NATIONAL AERONAUTICS AND SPACE ADMINISTRATION. 


Purdue Frederick 


OCOPYRIGHT 1974, THE PURDUE FREDERICK COMPANY/NORWALK, COD ( 
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ANCEF IV 
meets the challenge 











e With 93% efficacy in respiratory tract infections. 
In clinical trials, Ancef’ produced good or excellent responses* in 93% of 377 
patients with respiratory tract infections due to susceptible organisms (See 
Indications section of brief summary for list of organisms). 


e With high and prolonged serum levels. 


Following single 1 gram IV injections in healthy adult volunteers, ‘Ancef’ pro- 
duced average peak serum levels of 190.0 mcg/ml. At four hours, levels of 16.5 
mcg/ml were still present. 


e With a low risk of phlebitis at the IV injection site. 


Of 273 patients receiving ‘Ancef’ intravenously, 6 patients or 2.2% reported 
phlebitis at the injection site. These data were derived from pre-marketing 
clinical studies in small populations. While further clinical experience may reveal 
a greater incidence of adverse effects, it should be noted that the incidence of 
known phlebitis has not increased with over a year’s clinical experience since 
introduction. 


e With no reported nephrotoxicity. 


(Transient rise in SGOT, SGPT, BUN and alkaline phosphatase levels has been 
observed without evidence of renal or hepatic impairment.) 


e With the flexibility of IV or IM administration. 


Adverse Reactions 


Adverse reactions reported in clinical trials included pain on injection, rash, G.I. 
symptoms, pruritus, and phlebitis. For a complete list of adverse reactions 
reported with ‘Ancef' therapy, please see next page. 


Warning: In penicillin-allergic patients, cephalosporins should be used with great 
caution because of evidence of partial cross-allergenicity. 


*(Excellent response: Initial improvement at 1-3 days with maximum improvement between 3-7 days. 
Good response: Initial improvement at 2-4 days with maximum improvement between 4-10 days. 
Results collected from identical clinical protocols.) 


See next page for a brief summary of the prescribing information. 
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meets the challenge, IV or IM 


Before prescribing, see complete prescribing information in 
SK&F literature or PDR. The following is a brief summary. 


DESCRIPTION 

Ancef® (sterile cefazolin sodium, SK&F) is a semi-synthetic 
cephalosporin for parenteral administration. It is the sodium salt 
of 3 {[(5-methyl-1, 3, 4-thiadiazol-2-yl) thio] methy!/-8-oxo-7- 
[2-(1 H-tetrazol-1-yl) acetamido] -5-thia-1-azabicyclo[4.2.0] oct- 
2-ene-2-carboxylic acid. The sodium content is 46 mg. per gram 
of cefazolin. 


ACTIONS 

Microbiology: /n vitro tests demonstrate that the bactericidal 
action of cephalosporins results from inhibition of cell wall 
synthesis. ‘Ancef' is active against the following organisms in vitro: 


Staphylococcus aureus (penicillin-sensitive and penicillin- 
resistant) 


Group A beta-hemolytic streptococci and other strains of strep- 
tococci (many strains of enterococci are resistant) 5 


Streptococcus pneumoniae (formerly Klebsiella species 

D. pneumoniae) Enterobacter aerogenes 
Escherichia coli Hemophilus influenzae 
Proteus mirabilis 


Most strains of Enterobacter cloacae and indole positive Proteus 
(P. vulgaris, P. morgani, P. rettgeri) are resistant. Methicillin- 
resistant staphylococci, serratia, pseudomonas, mima, herellea 
species are almost uniformly resistant to cefazolin. 


INDICATIONS 

Ancef (sterile cefazolin sodium, SK&F) is indicated in the treat- 
ment of the following serious infections due to susceptible 
organisms: 

Respiratory tract infections due to Streptococcus pneumoniae 
(formerly D. pneumoniae), Klebsiella species, Hemophilus 
influenzae, Staphylococcus aureus (penicillin-sensitive and 
penicillin-resistant), and group A beta-hemolytic streptococci. 


Injectable benzathine penicillin is considered to be the drug of 
choice in treatment and prevention of streptococcal infections, 
including the prophylaxis of rheumatic fever. ‘Ancef' is effective 
in the eradication of streptococci from the nasopharynx; however, 
data establishing the efficacy of Ancef’ in the subsequent preven- 
tion of rheumatic fever are not available at present. 


Genitourinary tract infections due to Escherichia coli, Proteus 
mirabilis, Klebsiella species, and some strains of enterobacter 
and enterococci. 


Skin and soft-tissue infections due to Staphylococcus aureus 
(penicillin-sensitive and penicillin-resistant) and group A beta- 
hemolytic streptococci and other strains of streptococci. 
Bone and joint infections due to Staphylococcus aureus. 


Septicemia due to Streptococcus pneumoniae (formerly D. 
pneumoniae), Staphylococcus aureus (penicillin-sensitive and 
penicillin-resistant), Proteus mirabilis, Escherichia coli, and 
Klebsiella species. 


Endocarditis due to Staphylococcus aureus (penicillin-sensitive 
and penicillin-resistant), and group A beta-hemolytic streptococci. 


Appropriate culture and susceptibility studies should be per- 
formed to determine susceptibility of the causative organism to 
‘Ancef: 


CONTRAINDICATIONS 
Ancef' is contraindicated in patients with known allergy to the 
cephalosporin group of antibiotics. 


WARNINGS 

IN PENICILLIN-ALLERGIC PATIENTS, CEPHALOSPORINS 
SHOULD BE USED WITH GREAT CAUTION. THERE IS 
CLINICAL AND LABORATORY EVIDENCE OF PARTIAL CROSS- 
ALLERGENICITY OF THE PENICILLINS AND THE CEPHALO- 
SPORINS, AND THERE ARE INSTANCES OF PATIENTS WHO 
HAVE HAD REACTIONS TO BOTH DRUG CLASSES (INCLUD- 
ING FATAL ANAPHYLAXIS AFTER PARENTERAL USE). 


Any patient who has demonstrated some form of allergy, par- 
ticularlyto drugs, should receive antibiotics, including Ancef 
(sterile cefazolin sodium, SK&F) cautiously and then only when 
absolutely necessary. Serious anaphylactoid reactions require 
immediate emergency treatment with epinephrine. Oxygen, 


intravenous steroids, and airway management, including intuba- 
tion, should also be administered as indicated. 


Usage in Pregnancy: Safety of this product for use during preg- 
nancy has not been established. 


Usage in Infants: Safety for use in prematures and infants under 
1 month of age has not been established. 


PRECAUTIONS 

Prolonged use of cefazolin sodium may result in the overgrowth 
of nonsusceptible organisms. Careful clinical observation of the 
patient is essential. 


When ‘Ancef' is administered to patients with low urinary output 
because of impaired renal function, lower daily Gosage is required 
(see dosage instructions). A false positive reaction for glucose in 
the urine of patients on ‘Ancef’ has occurred with Clinitest® tablets 
solution. 


ADVERSE REACTIONS 
The following reactions have been reported: 


Hypersensitivity: Drug fever, skin rash, vulvar pruritus, and 
eosinophilia have occurred. 


Blood: Neutropenia, leukopenia, thrombocythemia and positive 
direct and indirect Coombs tests have occurred. 


Hepatic and Renal: Transient rise in S@OT, SGFT, BUN and 
alkaline phosphatase levels has been observed. 


Gastrointestinal: Nausea, anorexia, vomiting, diarrhea, oral 
candidiasis (oral thrush) have been reported. 


Other: Pain at site of injection after intramuscular administration 
has occurred, some with induration. Phlebitis at site of injection 
has been noted. 


DOSAGE AND ADMINISTRATION 
Ancef' may be administered intramuscularly or intravenously 
after reconstitution. 


Dosage 

In adults, usual dosage for pneumococcal pneumonia is 500 mg. 
every 12 hours. In acute, uncomplicated urinary tract infections, 
usual dosage is 1 gram every 12 hours. In mild infections caused 
by susceptible gram+ cocci, usual dosage is 250 to 500 mg. 
every 8 hours. In moderate to severe infections. usual dosage is 
500 mg. to 1 gram every 6 to 8 hours. ‘Ancef’ has been adminis- 
tered in dosages of 6 grams per day in serious infections such as 
endocarditis. 


Ancef' may be used in patients with reduced renal function with 
the following dosage adjustments: Patients with a creatinine 
clearance of 55 ml./min. or greater or a serum creatinine of 

1.5 mg. % or less can be given full doses. Patients with creatinine 
clearance rates of 35 to 54 ml./min. or serum creatinine of 1.6 

to 3.0 mg. % can also be given full doses, but dosage should be 
restricted to at least 8-hour intervals. Patients with creatinine 
clearance rates of 11 to 34 ml./min. or serum creatinine of 3.1 to 
4.5 mg. % should be given 1/2 the usual dose every 12 hours. 
Patients with creatinine clearance rates of 10 mi./min. or less or 
serum creatinine of 4.6 mg. % or greater should be given 1/2 the 
usual dose every 18 to 24 hours. All reduced dosage recom- 
mendations apply after an initial loading dose appropriate to the 
severity of the infection. 


In children, a total daily dosage of 25 to 50 mg. per kg. (approx- 
imately 10 to 20 mg. per pound) of body weight, divided into 
three or four equal doses, is effective for most mild to moderately 
severe infections. Total daily dosage may be increased to 100 nfg. 
per kg. (45 mg. per pound) of body weight for severe infections. 
Since safety for use in premature infants and in infants under 

one month has not been established, the use of Ancef’ in these 
patients is not recommended. 


For additional information on dosage and administration, see s 
package literature or contact your SK&F Representative. 


HOW SUPPLIED i 
Ancef® (sterile cefazolin sodium, SK&F)— supplied in vials 
equivalent to 250 mg., 500 mg., and 1 gram of cefazolin. 


Smith Kline & French Laboratories . ' 
Division of SmithKline Corporation, Philadelphia, PA 19101 ‘ 
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Instructions for Authors 


Send manuscripts by first-class mail to the Chief Editor, 
Richard Warren, MD, 319 Longwood Ave, Boston 02115. 
Manuscripts are received with the understanding that 
they are not under simultaneous consideration by another 
publication. Accepted manuscripts become the permanent 
property of the ARCHIVES and may not be published else- 
where without permission from the publisher (AMA). 


[] All accepted manuscripts are subject to copy editing. 
The author will receive an edited typescript and layout 
rather than galley or page proofs for approval. The author 
is responsible for all statements in his work, including 
changes made by the copy editor. 


g Designate one author as correspondent and provide his 
address and telephone number. He will be notified by mail 
of the intended publication date approximately one month 
in advance. Order reprints at the time the typescript is 
returned after editorial processing. Specify address to 
which requests for reprints should be sent. 


[] Submit an original typescript and two high quality 
copies of the entire manuscript including short communica- 
tions such as letters to the editor, book reviews, announce- 
ments, etc. All copy (including references, legends, and 
tables) must be typed double-spaced on 22 x 28 cm (8% X 
11 inch), heavy-duty white bond paper. Ample margins 
should be provided. 


EA Titles should be short, specific, and clear. They should 
not exceed 75 characters, including punctuation and spaces. 
A subtitle is often useful to shorten the main title. Provide 
a brief “running title” on each manuscript page. 


w The style of writing should conform to acceptable 
English usage and syntax. Slang, medical jargon, obscure 
abbreviations, and abbreviated phrasing are to be avoided. 


Manuscripts reporting the results of experimental in- 
vestigations on human subjects must include a statement 
to the effect that informed consent was obtained after the 
nature of the procedure(s) had been fully explained. 


a Authors whose “first” language is not English should 
arrange for their manuscripts to be written in idiomatic 
English prior to submission. 


Provide an abstract (135-word maximum) of the arti- 
cle. The abstract should include statements of the problem, 
method of study, results, and conclusions. The abstract 
replaces the summary. 


ca List references in consecutive numerical order (not 
alphabetically). Once a reference is cited, all subsequent 
citations should be to the original number. All references 
must be cited in the text or tables. Unpublished data 
and personal communications should not be listed as 
references. References to journal articles should include 
(1) author, (2) title, (3) journal name (as abbreviated 
in Index Medicus), (4) volume number, (5) inclusive page 
numbers, and (6) year, in that order. References to books 
should include (1) author(s), (2) chapter title (if any), (3) 
editor (if any), (4) title of book, (5) city of publication, 
(6) publisher, and (7) year. Volume and edition num- 
bers, specific page&, and name of translator should be 
incfuded when appropriate. The author is responsible for 
the accuracy and completeness of the references and for 
their correct text citation. Note this journal’s punctuation 
i) sequence style in published reference lists. 


Refer to patients by number (or, in anecdotal reports, 
y fictitious given names). Real names or initials should 
not be used in the text, tables, or illustrations. 


Argh Surg/Vol 110, March 1975 






Effective with the January 1975 issue, the provision 
of free offprints (tearsheets) of articles to authors 
was discontinued. Authors may continue to order 
reprints in accordance with the form sent to them 
during the processing of their manuscripts. 






[] All measurements are to be in metric units. 


ø Letters to the Editor. The editor will be pleased to 
receive correspondence of 250 words or less that pertains 
to material published in the ARCHIVES or to other matters 
of interest to its readers. Letters should be typewritten, 
double-spaced and clearly marked “For Publication.” No 
more than two references are permitted, and illustrations 
are acceptable only when essential to the message. 


= Use only those illustrations that clarify and augment 
the text. Submit illustrations in duplicate, unmounted 
and untrimmed. Do not send original artwork. Send high- 
contrast glossy prints (not photocopies). Figure number, 
name of senior author, and arrow indicating “top” should 
be typed on a gummed label and affixed to the back of 
each illustration. All lettering must be legible after reduc- 
tion to column size. Artwork submitted for publication may 
be relettered to achieve uniformity of lettering style through- 
out the journal. Magnification and stain should be provided 
when pertinent. Illustrations should preferably be in a 
proportion of 12.5 x 18 cm (5 x 7 inches). Legends 
should be typed double spaced beginning on a separate 
sheet of paper. Length should be limited to 40 words. 


Š An experienced medical illustrator should be employed 
whenever possible for the preparation of all artwork. 
Template lettering or preset type is preferred to hand- 
lettered labels. If halftone artwork with labels is sub- 
mitted, affix type and leaders to a clear acetate overlay 
registered to the base drawing. Labels and leaders should 
be applied directly to the drawing board surface if the 
artwork consists only of line ink technique. 


[ ] A letter of consent must accompany all photographs 
of patients in which a possibility of identification exists. 
It is not sufficient to cover the eyes to mask identity. 


E Illustrations in full color are accepted for publication 
if the editors believe that color will add significantly 
to the published manuseript. The ARCHIVES will pay part 
of the expense of reproduction and printing color illus- 
trations, the remainder to be borne by the author or his 
sponsor. After deducting the ARCHIVES contribution, the 
author’s share is $275.00 for up to six square finished 
illustrations which can be arranged on a one-page layout. 
Any additional illustrations or special effects will be billed 
to the author at cost. Positive color transparencies (35 
mm preferred) must be submitted for an evaluation. 
Do not send color prints unless accompanied by original 
transparencies. All transparencies should be carefully 
packed and sent with the manuscript. 


E Each table should be typed double-spaced, including 
all headings, on a separate sheet of 22 x 28 cm paper. Do 
not use larger paper. If a table must be continued, use a 
second sheet and repeat all heads and stubs. 


[ ] Tables should be arranged so they will print no wider 
than three columns in the ARCHIVES. Generally up to nine 
columns of data (including stub, or left column) will fit 
into three columns. Tables must be numbered consecutively, 
beginning with 1, and each must be titled. Example: 
“Table 6.—Results of Blood Coagulation Studies.” 
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Help allay the 


Excessive Anxiety 


that may heighten 


Postop Pain 
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Vistaril I.M. (hydroxyzine HCI). It helps allay 
the excessive anxiety that can heighten the 
patient’s perception of pain, and helps assure 
calm and cooperative patients. Vistaril I.M. 
also helps minimize secondary postoperative 
complaints, and often relieves postoperative 
confusion. 

Vistaril I.M. may enhance the effect of 
injectable analgesics, such as meperidine, 


WE 


(hydroxyzine HCI) 


100 mg./2 ml., 50 mg./ml. and 25 mg./ml. 
Vials and Isojects’ 


IITU p1 LIII SuUiiu © wiivt | ote Se oa ©, SS SG 5 Se IL ILUJ IU 


significant depressant effects on respiratory or 
circulatory function and often reduces post- 
operative emesis. 

It is physically compatible with most 
commonly used analgesics, and can be mixed 
with them in the same syringe. 

Alone, or as an adjunct for use in the man- 
agement of postoperative pain, the maximum 
recommended dosage of Vistaril I.M. is 100 mg. 
While the analgesic dosage needed will usually 
be reduced, the actual dosage of Vistaril I.M. 
should be titrated against the individual patient's 
clinical response. 
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100 mg./2 ml., 50 mg./ml. and 25 mg./ml. 
Vials and Isojects® 





helps relieve the anxiety associated with 


postoperative pain 











may enhance narcotic effect 


offers proved antiemetic action 

















Brief Summary 

VISTARIL® (hydroxyzine hydrochloride) Intramuscular Solution 

For Intramuscular Use Only 

Contraindications: Hypersensitivity to hydroxyzine. The solution for 
intramuscular use must not be injected subcutaneously, intra-arterially, 
or intravenously. 

Hydroxyzine, when administered to the pregnant mouse, rat, and 


rabbit, induced fetal abnormalities in the rat at doses substantially above 


the human therapeutic range. Clinical data in human beings are 


inadequate. Until adequate data are available to establish safety in early 


pregnancy, hydroxyzine is contraindicated during this period. 
Precautions: Hydroxyzine may potentiate the action of central nervous 
system depressants such as narcotics and barbiturates. In conjunctive 
use, dosage for these drugs should be decreased as much as 50%. 
Because drowsiness may occur, patients should be cautioned against 


_ driving a car or operating dangerous machinery. The usual precautions 


l 


for intramuscular injection should be followed; soft-tissue reactions 
have rarely been reported when proper technique has been used. 
Hydroxyzine intramuscular solution should be injected well within the 
body of a relatively large muscle. In adults, the preferred sites are the 
upper outér quadrant of the buttock (i.e., gluteus maximus), or the mid- 
lateral thigh. In children, preferably the mid-lateral muscle of the thigh. 


> 


In infants and small children, the upper outer quadrant of the gluteal 
region should only be used when necessary, as in burn patients, in orc 
to minimize the possibility of damage to the sciatic nerve. The deltoid 
area should be used only if well developed, such as in certain adults é 
older children, and only with caution to avoid radial nerve injury. 
Injections should not be made in the lower and middle thirds of the 
upper arm. Aspiration is necessary to help avoid intravascular injectio 
Adverse Reactions: Drowsiness may occur; if so, it is usually transitor 
and may disappear in a few days of continued therapy or upon dosage 
reduction. Dryness of the mouth may occur With higher doses. Involun 
tary motor activity, including rare instances oftremor and conMulsions, 
has been reported, usually with higher than recommended dosage. 
Supply: Vistaril (nydroxyzine HCl) Intramuscular Solution: 25 mg./ml. 
10 mi. vial; 50 mg./ml.—2 ml. and 10 ml. vial; Isoject®, 25 mg. “eb and 
50 mg./ml., 1 ml. fill; 100 mg./2 ml., 2 ml. fill. 

Military Depot: NSN 6505-00-052- 1367 (50 mg./ml., 10 ml. ach 

VA Depot: NSN 6505-00;052-1367B (50 mg./ml., 10 ml. vial) -` 


More detailed professional ir information available on request. i 
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‘Editorials 


Ultrasound and Abdominal Abscesses 


Itrasound is fast becoming a routine diagnos- 
tic modality in a number of conditions involving the 
abdomen. The ability to localize lesions not otherwise de- 
tectable by conventional methods (including some highly 
complex, expensive techniques) in a rapid, noninvasive 
manner is made more desirable by the reliable capability 
of ultrasound to distinguish between cystic and solid le- 
sions. 

The detection of intra-abdominal abscesses has long 
been a diagnostic dilemma. Very often, patients with sus- 
pected abscesses are in the postoperative state or complex 
situations exist where extensive dissection would other- 
wise be necessary to localize the abscess. Two reports in 
this issue of the ARCHIVES (see pages 335 and 341) describe 
the usefulness of ultrasonography in detecting a variety 
of abscesses. In selected instances, the diagnosis can be 
carried one step further. 

When absolute proof is required before exploration, a 
special central-channeled aspiration transducer may be 
used to aspirate the abscess with a fine-gauge needle un- 
der ultrasound guidance.' The area is scanned in the rou- 
tine fashion and a mark is made on the skin overlying the 
center of the lesion. The conventional transducer is re- 
placed by the aspiration transducer, which has a central 
channel for introduction of various sized needles. The area 
is rescanned, the location of the lesion confirmed, and its 
depth measured on the oscilloscope. A marker is placed on 
the needle indicating the depth of the center of the ab- 
scess (adding the height of the transducer) and the needle 
is then passed through the transducer into the lesion, 
using the ultrasound image to select the desired angle. 
Smear and culture of the aspirated material is performed 
immediately, and the diagnosis is definitely established in 
a matter of minutes.” 

EDWARD H. SMITH, MD 
Department of Radiology 
Harvard Medical School 
Peter Bent Brigham Hospital 
25 Shattuck St 

Boston, MA 02115 
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E fter a partial, complete, or radical mastectomy, the 
9 an patient has to contend not only with the possibility 
3 E of death from disease but also with the reality of defor- 
a mity from treatment. Too infrequently does the surgeon 
= who removed the breast suggest reconstruction or even 
se support the patient’s desire for it. To the patient’s detri- 
= ment, there has been a regrettable absence of consultation 
and sharing of skills between the oncological-ablative sur- 
geon and the plastic-reconstructive surgeon. 

In practical terms, what can the reconstructive surgeon 
offer for the patient undergoing a mastectomy? 

If, for example, a simple mastectomy is contemplated, 
the incision can be chosen with reference to future recon- 
struction. After such a mastectomy, with or without radia- 
tion, there is usually enough tissue to accommodate a 
prosthesis, generally of silicone, to give the semblance of a 
breast. A transverse, instead of a vertical, incision at the 
= time of the initial mastectomy will facilitate prosthesis 
~ placement, which can be done immediately, a few days 
= later, or several weeks or months afterward, depending on 
_ the stage of the disease, the attitude of the patient, and 
= the philosophy of the surgeon. The commonly cited advan- 

d tage of delaying prosthesis placement is to avoid its loss 
K z from hematoma, infection, or skin necrosis. This interval 
<a 3 allows permanent sections of the tissue to be removed and 





that never exactly reproduces the breast she once had. The 
= obvious benefit of immediate or early breast replacement 
= ig to decrease the patient’s anguish over her deformity 
a and also to save her time and money associated with an- 
= other hospitalization, which may not be covered by her in- 
surance. Also, if the mastectomy has been recent, the tis- 
= sues will not have shrunk substantially and the prosthesis 
= will ultimately give a breast of softer feel and better con- 
= tour. Hueston and McKenzie’ recommend prosthesis inser- 
tion two to four days after even radical mastectomy if “lo- 
cal wound conditions are. . . suitable.” In their experience, 
radiation can be begun three to four weeks later without 
interfering with the underlying prosthesis. 

Often, to achieve reasonable symmetry, the opposite 
breast must be reduced. This provides an opportunity to 
get tissue for section (even with normal preoperative 

mammograms) and allows the extra areola of the nonma- 
lignant breast to be used later for a new nipple and areola 
on the mastectomy side. It can be temporarily banked 
-~ elsewhere in the patient’s body, such as the groin. In cer- 
= tain eases, the nipple and areola of the malignant breast 
= can even be used if the carcinoma lies distant and if 
biopsy specimens of the nipple and areola, as well as sur- 
rounding tissue, are benign. 
If there is insufficient tissue to make a breast by means 
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of an implant, then flaps, local or distant, as from the ab- 
domen, may have to be used, even though they involve 
more time, operations, and scars. Flaps can also be com- 
bined with an implant, if necessary. Because of the possi- 
bility of the opposite breast giving rise to cancer, I would 
not recommend its use for reconstruction, even though 
others might disagree.’ 

Whether a flap or an implant is used, there is still the 
matter of timing. If the patient desires, should one begin 
the first stage of the flap when doing the mastectomy? 
Should one wait long enough to establish a cure? In Haa- 
gensen’s® series of 556 radical mastectomies, 53 patients 
classified as stage A (no skin edema, ulceration, or solid 
fixation of tumor to the chest wall; axillary nodes not clini- 
cally involved) and stage B (no skin edema, ulceration, or 
solid fixation of tumor to the chest wall but clinically in- 
volved nodes, less than 2.5 cm transverse diameter and not 
fixed to overlying skin or deeper structures of axilla) de- 
veloped a parasternal or chest wall recurrence after an 
average of 43 months. “Long enough” would have in- 
volved an average wait of 3% years. Would one choose to 
wait that long for reconstructing deformities after-radical 
head and neck surgery? Comparing two kinds of carci- 
noma is admittedly misleading and somewhat sophistic, 
but the point is that early reconstruction of the head and 
neck patient has been done not just because of functional 
problems such as poor occlusion and difficulty in eating but 
because the deformity is repugnant to the patient and to 
the public. A breast deformity is a more private affair, yet 
the seriousness of its meaning to the patient should not be 
underestimated. It is one example of when “out of sight” 
is not “out of mind.” 

Does the fact of reconstruction itself with a prosthesis 
or flap cause or mask recurrence? Empirieally, probably 
not, but no data are available to give definitive answers. 

Despite these and still other unanswered questions 
about breast cancer, there is a need not to make survival 
the only objective in the treatment of this malignant neo- 
plasm. Rehabilitation, anatomically and psychologically, is 
also important and can be achieved through a confluence 
of expertise from different fields. 

RoBERT M. GOLDWYN, MD 
1101 Beacon St 
Brookline, MA 02146 
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Special Article 


Some Clinical Implications of 


_ Adrenergic Receptors 


in the Urinary Tract 


Marco Caine, MS, FRCS, Shlomo Raz, MD 


Both alpha- and beta-adrenergic receptors have been shown to 
be present in most parts of the urinary tract. There is increasing evi- 
dence that thesesplay an important part in the mechanism of a num- 
ber of clinical urological dysfunctions, both idiopathic and those 
associated with drug treatment, and a number of therapeutic impli- 


- cations are becoming apparent. 


he sympathetic nervous system produces its effects in 

the body by a dual mechanism, namely, the release of 
norepinephrine at the nerve endings and of adrenaline 
from the adrenal medulla. These, and drugs having sim- 
ilar properties, act on specific receptors in the end organs, 
producing their effects. It has long been realized that 
these effects are of different types in different organs and, 
in 1948, Ahlquist’ introduced the concept of two types of 
adrenergic receptors, alpha and beta, to explain these dif- 
ferent actions. In general, the alpha receptors are excita- 


_ tory in nature and are associated with contraction of 


smooth muscle and such clinical manifestations as vaso- 
constriction and mydriasis. The beta receptors, on the 
other hand, are inhibitory, resulting in relaxation of 
smooth muscle, and are manifest clinically by such effects 
as vasodilation and bronchial dilation. Certain of the sym- 
pathomimetic drugs, such as levarterenol bitartrate and 
phenylephrine hydrochloride, have a predominant effect 
on the alpha receptors; others, such as isoproterenol (Isu- 
prel hydrochloride), have a preponderant effect on the beta 
receptors; and some, such as epinephrine, act on both 
receptors. The eoncept of these two types of receptors 
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has been further supported by the demonstration of sub- 
stances that could specifically block each of them, such as 
phenoxybenzamine hydrochloride (Dibenzyline) and phen- 


tolamine (Regitine) mesyeate, which block the alpha re- 


ceptors, or propranolol hydrochloride (Inderal), which 
blocks the beta receptors, in each case nullifying the ef- 
fect of the sympathomimetic drugs on the specific recep- 
tor. The overall response of a given tissue to sympathetic 
stimulation will depend on the presence or the predom- 
inance of these receptors in that tissue. 

In the past, most of the interest in these adrenergic re- 
sponses was focused on the cardiovascular and respiratory 
systems, but in recent years a considerable amount of 
work has been published on the adrenergic receptors in 
the urinary tract, both in man and in animals, and the 
presence of such receptors has been convincingly demon- 
strated in the ureter, bladder, urethra, and prostate. Al- 
though the approach to the investigation of such tissues 
for their adrenergic receptor content has been primarily 
academic, a number of clinical implications, some of which 
may have practical importance, have already become ap- 
parent. It is the purpose of this article to review a number 
of instances in which such clinical implications have been 
demonstrated, both by ourselves and by others. 


ADRENERGIC RECEPTORS IN THE URETER 


In the ureter, the presence of both alpha-adrenergic and 
beta-adrenergic receptors has been demonstrated by Dean? 
and Malin and his co-workers,** and it seems probable 
that intrinsic myogenic ureteric contractions are under a 
certain degree of nervous control. One of the long-debated 
aspects of ureteric physiology has been the cause of the di- 
lation seen during pregnancy, and there now seems to be 
good evidence that both mechanical and hormonal factors 
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a can play a part. Without describing the evidence in favor 


a of a mechanical factor, one may recall briefly some of the 
= evidence supporting a hormonal effect on the ureter. Per- 
= haps the most convincing experiments were those of Van 


Wagenen and Jenkins, who demonstrated the devel- 
opment and maintenance of hydroureters in pregnant 
Rhesus monkeys after removal of the fetus, associated 


i i with maintenance of the hormonal effect due to persist- 
= ence of the maternal surface of the placenta. Hundley and 


_ Diehl’ carried out direct measurements of peristaltic ac- 


tivity in women, and demonstrated that estrogens pro- 
duce a pronounced increase in this activity, whereas 
progesterone has the opposite effect, resulting in a 
diminution of peristaltic activity that may reach complete 
atony. In recent years, additional evidence for a hormonal 
effect on the ureter has been furnished by reports of 
ureteric dilation developing in women taking oral contra- 
ceptives.”* However, although such observations as the 
above furnish strong evidence for the existence of sub- 
stantial effects by the female hormones on the ureter, they 
do not give any information as to the possible mechanism 
by which these effects are produced. 

In order to investigate this matter, we performed a 
series of experiments, described in detail elsewhere,’ and 
concluded that the female hormones produce their effects 
on the ureter by modifying its adrenergic receptor sensi- 


= tivity. The experiments indicated that progesterone en- 


k = hances the beta receptors, thus decreasing the tone and 


-activity of the ureter; whereas estrogen enhances the al- 
_ pha receptors, resulting in an increase in the tone and ac- 


p = tivity of the ureter. The exact mechanism by which the 
= changes in the female hormone milieu produce their ef- 
= fects on the adrenergic receptors is not definitely known, 


but it appears from the work of Bülbring and Tomita” 
that adrenergic effects may be brought about by altera- 
tions in cell membrane permeability to potassium and 


Er _ chloride, due to changes in its binding of calcium, and that 


it is the specific membrane permeability that is dependent 
on the hormonal environment of the muscle cell. What- 


p = ever the exact mechanism may be, however, the results of 


the above-mentioned experiments indicate strongly that 


= female hormones modify the adrenergic receptor mecha- 





nism, and that the hormonal component of the ureteric di- 
lation of pregnancy is due to the effect of progesterone on 
the beta-adrenergic receptors in the ureter. 

A possible clinical application of alpha-adrenergic 
blockade of the ureter has been proposed by Kubacz and 
Catchpole, who suggested that such a blockade may relax 
the muscular spasm, and hence relieve the pain, in cases of 
ureteral colic. In their article they reported that they were 
able to produce a satisfactory result by administration of 
phentolamine in about two thirds of a group of patients 
with acute renal colic whereas, as could be expected, beta 
blockade with propranolol was ineffective. Although the 
pain relief produced by meperidine (Pethidine) was effec- 
tive in a greater percentage of patients with renal colic, 
the authors suggest that there may be specific benefits in 
attempting to relax the muscular spasm by alpha block- 
ade, rather than in just subduing the pain with narcotics. 
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ADRENERGIC RECEPTORS IN THE URETHRA 

The observed actions of the female hormones in modi- 
fying the adrenergic responses have been found to have 
clinical implications in the urethra as well as in the ureter, 
both in the male and in the female. There has been consid- 
erable interest in recent years in the treatment of benign 
prostatic obstruction with hormonal preparations, espe- 
cially progesterone derivatives, and there appears to be 
accumulating evidence of symptomatic relief, at least in 
some patients. It is generally automatically assumed that 
any beneficial effect that may be produced is due to a hor- 
monal action on the prostate. However, it was noted that 
a number of intelligent patients in whom we tried such 
treatment noticed symptomatic improvement almost im- 
mediately after starting to take the progesterone deriva- 
tive, a fact that suggested to us the possibility of a 
pharmacological rather than a hormonal effect. This obser- 
vation was made about the same time as we were carrying 
out our investigation on the effect of the female hormones 
on the adrenergic receptors in the ureter and, knowing 
that these receptors are present also in the urethra,®"* 
we investigated the possibility that a similar mechanism 
might be producing an effect in the urethra. An appropri- 
ate series of experiments was performed,” and again it 
was found that progesterone facilitates or increases beta- 
adrenergic sensitivity, in this case in the urethra. These 
results suggest that at least some of the beneficial effects 
of progesterone derivatives in prostatic patients may be 
due to a pharmacological action on beta-adrenergic recep- 
tors in the urethra, rather than a hormonal effect on the 
prostate itself. 

In the case of the female urethra, it seems very likely 
that this action of the female hormones on the adrenergic 
receptors in the smooth muscle explains, in part, the effect 
of changes in the hormonal milieu on stress incontinence 
in women. It is well established that the severity of stress 
incontinence in premenopausal women can vary according 
to the phase of the menstrual cycle, and several reports 
on the beneficial effect of estrogens in stress incontinence 
have appeared." In an investigation into the effects of 
estrogens and a progesterone derivative (medroxyproges- 
terone acetate) on stress incontinence in postmenopausal 
women,'® we found an improvement in the estrogen- 
treated group in 65%, whereas 60% of those treated with 
medroxyprogesterone acetate become worse, in some cases 
to the extent of developing practically complete inconti- 
nence. These patients returned to their former condition 
on stopping the treatment. By means of urethral pressure 
profile measurements, we were able to demonstrate objec- 
tively a corresponding increase or decrease of the urethral 
closure pressure, in the two groups. Although part of the 
effect of the estrogen treatment can be explained by its 
beneficial action on the urethral mucosa””and by its effect 


on the urethral vascular bed,?"*? these two actions cannot. 


account for the observed deleterious effect of progesterone 
in the postmenopausal women. Here it seems clear tat 
the action must be on the smooth muscle of the urethra. 


One is led to the conclusion, therefore, that at least part of 
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‘the observed effects of the female hormones on the closure 
pregsure of the urethra, and hence on stress incontinence, 
`` is due to a direct influence on the urethral muscle and this, 
as already shown, is produced by modification of the adre- 
nergic receptor response. 


OTHER DRUGS ACTING VIA 
THE ADRENERGIC RECEPTORS 


It is becoming increasingly likely that a number of 
other drugs produce effects on the urinary tract via the ad- 
renergic receptor mechanism. For example, following an 
observation that in three patients stress incontinence ap- 
peared for the first time on starting treatment with di- 
phenylhydantoin sodium for grand mal epilepsy, we inves- 
tigated the matter experimentally and found that this 
drug produced a clear effect on the adrenergic receptor re- 
sponse in the canine urethra.” In this case, there is evi- 
dence of a blocking effect on alpha-adrenergic receptors. 
Once again, as in the case of the female hormones, this 
may be associated with an alteration in the cell membrane 
permeabilities and a change in the intracellular ionic bal- 
ance, in this case opposing changes caused by alpha-adre- 
nergic stimulation. 

A similar observation has been made by Van Putten 
and his colleagues,” who reported three patients in whom 
stress incontinence was associated with the administra- 
tion of a phenothiazine (thioridazine [Mellaril]), and con- 
cluded this was due to a strong blocking effect on alpha- 
adrenergic receptors. They noted that the same mechanism 
accounted for the reported cases of retrograde ejacula- 
tion in men treated with thioridazine.” 

The beneficial effects of imipramine hydrochloride (Tof- 
ranil) in enuresis have not been satisfactorily accounted 
for. Although an anticholinergic effect has been suggested, 
the investigations of Diokno et al have indicated that 
even in large doses it is virtually devoid of any discernible 
anticholinergic effect on the detrusor in man. Experimen- 
tal work by Lipshultz et al” and clinical studies by 
Mahony et al suggest that imipramine may produce its 
peripheral effect on the bladder by modifying the adrener- 
gic response of the detrusor and the bladder neck muscula- 
_ ture. The exact mechanism is still not entirely clear, but 
there seems good evidence from their work that imipra- 
mine has a beta-enhancing effect on the detrusor muscle. 


ADRENERGIC RECEPTORS IN 
THE BLADDER 


Mapping adrenergic receptors in the bladder has shown 
a preponderance of beta-adrenergic receptors in the 
_ dome and a preponderance of alpha-adrenergic receptors 
in the base and the bladder neck.” There is now good 
evidence that the maintenance of normal bladder neck 
closure is dependent in part on the normal sympathetic 
tonicity of this smooth muscle; alpha-adrenergic blocking 
agents such as phenoxybenzamine are known to oppose 
this, and may have an undesired effect in that, by decreas- 
ing this factor in the efficient closure of the bladder neck, 
they can result in retrograde ejaculation of semen into the 
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bladder during coitus. However, this fact can also be put 
to a beneficial clinical use in certain patients with neu- 
rogenic bladder dysfunction. In these patients, there is 


either an excessive closure of the bladder neck due to an - 


increased sympathetic discharge or a failure of the coordi- 
nated relaxation of the bladder neck normally produced 
during micturition by inhibition of sympathetic tonicity. 
Whereas it has been customary in the past to treat this 


abnormality by transurethral resection of the bladder 


neck, the possibility of a more physiological treatment by 
an alpha-adrenergic blocker such as phenoxybenzamine 
has been reported by Krane and Olsson, and we our- 
selves have obtained similar success in 15 patients with 
neurogenic bladder disease in whom we have used it. 


ADRENERGIC RECEPTORS IN 
THE PROSTATE GLAND 


The prostate gland is closely related to the urethra both 
anatomically and embryologically, and it seemed likely 
that there would be adrenergic receptors also in this or- 
gan. Such a likelihood was supported by the demonstra- 
tion, by means of fluorescent microscopical studies, of a 
rich adrenergic innervation to the musculature of the 
gland. Our studies of rat** and human” prostate have 
shown the presence of a good alpha-adrenergic re- 
sponse, but beta receptors appear, for all practical pur- 
poses, to be absent. In particular, we found a very marked 
alpha response in the human surgical prostatic capsule. 
As discussed in these articles, we believe that this pro- 
nounced alpha-adrenergic response of the prostate and the 
surgical capsule has an important clinical implication in 


that it may explain the mechanism of sudden acute uri- 


nary retention in certain prostatic patients. On analysis, 
such sudden retention is characteristically produced by 
situations associated with increased sympathetic activity, 
such as overdistention of the bladder or body chilling, or 
with the ingestion of sympathomimetic drugs such as 
ephedrine. It is suggested that such sympathetic stimula- 
tion, acting on alpha receptors in the prostate and partic- 
ularly in the prostatic capsule, in a case of relatively 
mild prostatic obstruction, can cause a sudden increase in 
the closure pressure in an already partially obstructed 
urethra, hence resulting in complete obstruction. In the 
case of ephedrine, which is notorious in this respect, an ad- 
ditional contributing factor may be its beta-stimulating 
effect (ephedrine has both alpha- and beta-adrenergic 
stimulating actions) acting on the beta receptors that pre- 
ponderate in the dome of the bladder, resulting in a con- 
comitant decrease in the detrusor tone. We have obtained 
evidence in support of this thesis by producing spontane- 
ous micturition in cases of complete acute retention by the 
intravenous administration of phentolamine, and by stop- 
ping repeated attacks of acute retention in other patients 
by means of orally administered phenoxybenzamine. Al- 
though the therapeutic applications in this case are un- 
doubtedly limited, owing to the cardiovascular state of 
many prostatic patients, the causal relationship is of con- 
siderable interest in explaining the previously obscure 
mechanism of certain cases of acute retention of urine. 
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‘CONCLUSIONS 


Undoubtedly much remains to be learned about the role 
of the adrenergic receptors in the urinary tract and the 
parts they play in the normal and abnormal physiology of 
this system. However, as we have tried to illustrate by the 
above examples, there is already good evidence that they 
are not only of purely academic interest, but also have im- 
plications of clinical and therapeutic importance. It seems 


-most likely that this field of interest and application will 


don, 


continue to expand in the future. 
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Intestinal Necrosis and Perforation 


After Renal Transplantation 


Robert H. Demling, MD; Oscar Salvatierra, Jr., MD; Folkert O. Belzer, MD 


An acute intestinal disorder occurred in seven patients soon after 
renal transplantation. The disorder was characterized initially by 
massive abdominal distention with progression to multiple bowel 
perforations in three patients and extensive bowel necrosis in two. 
Surgical manipulation did not appear to be the cause since the trans- 
plants were performed retroperitoneally in the iliac fossa. Ischemia 
also was not a factor since the mesenteric vessels were patent with 
no evidence of thrombus formation or vasculitis. The cause appeared 
to be related to immunosuppressive agents, in particular, high doses 
of corticosteroids. The disease process appeared to be reversible if 
immunosuppression was discontinued early, as occurred in two pa- 


tients. 


M* intestinal complications in immunosuppressed 
recipients of renal homografts are not uncom- 
mon and are usually fatal.’ The lethal nature of these 
complications has been attributed to the inability of these 
patients to withstand severe infection. We are reporting 
on seven patients who developed acute intestinal compli- 


cations immediately after renal transplantation or in the 
early postoperative period. These events appear to be part 
of a distinct pathological entity occurring in renal homo- 


graft recipients. The disorder is characterized clinically by 
the sudden onset of severe abdominal distention followed 
by pain, with progression to intestinal perforation or ac- 
tual infarction. This disease state appears to be reversible 
if high doses of immunosuppressive agents are discontin- 
ued early in its course, as was seen in two of the patients 
(Table). Four of the more illuminating case histories are 
reviewed in detail. 


REPORT OF CASES 


Case 1.—A 26-year old man underwent a second renal trans- 
plant from a cadaver donor after he had rejected his first trans- 
plant one year previously. The present homograft was placed in 
the left iliac fossa, and the patient was begun on immunosuppres- 
sive therapy consisting initially of 120 mg prednisone daily and 
150°mg azathioprine (Imuran) daily. He required dialysis on the 
FEE BERS AT AT «SR ESSE Ree Ps en 
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second postoperative day because of depressed renal function. 
Two days later he developed severe abdominal distention with 
some pain. Abdominal x-ray films showed a severe ileus pattern 
(Fig 1, left). His symptoms progressed and an exploratory lap- 
arotomy was performed. The bowel showed no signs of obstruc- 


tion or infarction, although small areas of transmural ileal dis- — 


coloration were seen and the entire bowel was greatly distended. 
The bowel was decompressed and the abdomen was closed. He im- 
proved initially, but on the 11th postoperative day he again com- 
plained of severe abdominal pain. Reexploration showed perfora- 
tion of the ascending colon. The mesenteric vessels were patent. 
Azathioprine was discontinued and prednisone was reduced to 10 
mg daily. His postoperative course was stormy, and he died 27 
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days after transplantation. Necropsy showed multiple perfora- kis 


tions of the large and small bowel with fistula formation. Large 
segments of bowel were completely necrotic. Submucosal vessels 
were patent as were the superior and inferior mesenteric vessels. 
There was no evidence of vasculitis or fibrin thrombi. 

Case 2.—A 30-year-old man received a cadaver renal homograft 
in the right iliac fossa. Initial immunosuppressive therapy con- 
sisted of 120 mg prednisone daily and 150 mg azathioprine daily. 
On the first postoperative day, severe abdominal distention and 
mild abdominal pain were noted (Fig 1, right). Hemodialysis was 
begun for persistent hyperkalemia. Twelve hours after dialysis, 


the patient’s abdomen became rigid and his urinary output fell 


precipitously. Abdominal x-ray films showed intramural air in the 
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Onset 
Patient After 
No. /Age, Trans- Out- 
yr/Sex Complication plant come 
1/26/M_ Extensive transmural necrosis 36 hr Died 
of small and large bowel 
2/30/M Extensive transmural necrosis 24 hr Died 
of small and large bowel 
3/28/M Marked abdominal distention 36 hr Living 
and abdominal pain 
4/24/M Marked abdominal distention 17 days Living 
and abdominal pain 
5/21/M Extensive necrosis of large 2 mo Died 
bowel; mucosal ulcerations 
of small bowel 
6/28/M Multiple perforations of 2 mo Living 






ascending colon 
Perforation of descending colon 






7/42/M 2 mo Died 
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d 2 (right). Both patients developed massive bowel necrosis and died. 


Fig 1.—Distentions of large and small bowel in patients 1 (left) an 


Fig 2. Distention of large and small bowel in patients 3 (left) and 4 (right). Both patients responded to conservative management and sur- 
vived after immunosuppression was discontinued. 
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large bowel. A laparotomy revealed an infarction of the distal 
part of the ileum and the entire colon. The mesenteric vessels 
were patent and pulsating. Immunosuppressive agents were dis- 
continued. The patient’s condition deteriorated, and he died sev- 
eral days later. Necropsy showed multiple large and small bowel 
perforations with necrosis of large segments of bowel. Sub- 
mucosal vessels were patent, as were the mesenteric vessels. 
There was no evidence of vasculitis. 

Case 3.—A 28-year-old man received a kidney transplant in the 
left iliac fossa from a living related donor. Initial kidney function 
was good. Immunosuppression consisted of 120 mg prednisone and 
150 mg azathioprine per day initially. Thirty-six hours after sur- 
gery he exhibited marked abdominal distention (Fig 2, left), de- 
creased bowel sounds, and progressive abdominal pain. Aza- 
thioprine was discontinued and prednisone decreased to 10 mg 
daily. He was treated with nasogastric suction, and the abdominal 
pain and distention subsided two days later. He had no further 
complications, and was discharged from the hospital with good 
function in his transplanted kidney. 

Case 4.—A 24-year-old man underwent a cadaver renal trans- 
plant to his right iliac fossa. Postoperative renal function was 
good. Initial immunosuppression was 120 mg prednisone and 150 
mg azathioprine. On day 17, one day after drainage of a lympho- 
cele in the wound, he developed marked abdominal distention, 
pain, and fever (Fig 2, right). The dose of prednisone was immedi- 
ately decreased from 80 mg to 20 mg and the azathioprine therapy 
was discontinued. He was treated with nasogastric suction with 
gradual improvement, and was discharged from the hospital with 
a well-functioning kidney. 


COMMENT 


Major intestinal problems are not uncommon following 
renal transplantation. Penn et al' reported on a variety of 
colon disorders occurring from eight days to over a year 
after transplantation. Hadjiyannakis et al? and Misra et 


= a also reported on a variety of intestinal complications 


following transplantation of renal homografts. Powis et 
al* reported on five renal homograft recipients with ileo- 
colic perforation and necrosis occurring two weeks to 1% 
years after transplant. These lesions were believed to be 
secondary to ischemia, with thrombosis of small vessels 
found at necropsy. Vasculitis was described in some of 
the specimens. 

In 650 renal transplants at this center, seven patients 
developed an acute intestinal disorder in the early post- 
transplantation period. All seven patients were young 
men with no prior history of intestinal or vascular disease. 
Initial symptoms were abdominal distention and pain, 
progressing to bowel necrosis and, frequently, to death. 
Pathological findings ranged from isolated perforations of 
the bowel to areas of complete necrosis. There was no evi- 
dence of mesenteric vessel obstruction or thrombosis in- 
cluding submucosal vessels. No vasculitis was seen. Cases 
3 and 4 are included in the series because the severe ab- 
dominal distention and pain in these patients was similar 
to, that seen in the early course of the other patients and 
no other cause was evident. 

We perform renal transplantation retroperitoneally, in 
the iliac fossa, and do not enter the peritoneal cavity. The 
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surgical procedure therefore does riot appear to be a cause _ 
of this complication. Although the clinical course of sev- 
eral patients was similar to that found in the series of co- 
lonic perforations described by Powis et al, pathologie 
findings differed in that thrombosis of mesenteric vessels 
was not seen. Ischemia, therefore, did not appear to be a 
major etiological factor in our series. 

Immunosuppressive agents, corticosteroids in particu- 
lar, appear to be primary etiologic factors. Colonic perfo- 
rations secondary to long-term corticosteroid adminis- 
tration have been reported.’ Corticosteroids are known to 
directly affect connective tissue, impeding the reparative 
process and reducing the resistance of intestinal mucosa 
to bacteria and digestive juices. Azathioprine decreases 
the resistance to infection but, by itself, has not been 
known to produce actual bowel necrosis. Because of the 
complex nature of the body’s response to these agents, 
their role in the production of this intestinal disorder re- 
mains unknown. Since this form of intestinal complication 
leading to actual bowel necrosis appears more common in 
transplant patients on immunosuppresive therapy than in 
nontransplant patients who are taking immunosuppres- 
sive drugs, the presence of foreign tissue may potentiate 
or actually initiate this disease state. The observation that 
all the patients were young men may be important in that 
half of the patients on our transplant service are male. 
This suggests that a hormonal factor may be involved. 

Because of the devastating nature of this complication 
when allowed to progress, we now discontinue immuno- 
suppresive agents if substantial bowel distention of un- 
known cause occurs after transplantation. Karly discon- 
tinuation of these drugs in cases 3 and 4 seemed to reverse 
this process. Although this policy increases the risk of los- 
ing the homograft, therapy must be directed toward pa- 
tient survival. If the abdominal symptoms rapidly im- 
prove, immunosuppression may be cautiously resumed. 


This investigation was supported by Public Health Service grants AM- 
11290 and GM-01474. 
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i _End-to-Side Splenorenal Shunt 
for Treatment of Portal Hypertension 


Sarjit S. Gill, MS; Forrest C. Eggleston, MD; Chander M. Singh, MS, PhD 


Twenty-eight patients with portal hypertension were treated with 
splenectomy and end-to-side splenorenal shunt. Nineteen had cir- 
rhosis and nine had portal vein thrombosis. 

Among the patients with cirrhosis, there was one hospital death 
due to recurrent bleeding in a patient in whom shunt could not be 
constructed and only splenectomy was done. During the follow-up 
period, one patient developed encephalopathy and later died of liver 
failure. There were three additional deaths, one due to an unrelated 
cause and two due to liver failure. All the remaining patients are well 
and none has had recurrent bleeding. 

All the patients with portal vein thrombosis survived the operation 
and are well. None has had recurrent bleeding. Encouraged by these 
results, we continue to use end-to-side splenorenal shunt in all pa- 
tients except small children. 


| es though a variety of portasystemic shunts has been 
in use for the past 30 years for the treatment of var- 


= iceal bleeding complicating portal hypertension, there still 


is debate as to which is the best type of shunt. The end-to- 
side portacaval shunt has had the largest trial and has 
been the most effective in lowering portal pressure and 
preventing bleeding. However, because of its many side 
effects, particularly encephalopathy, it frequently de- 
~ creases the quality of life to such a degree that the patient 


= does not derive any ultimate benefit. As a result, several 


other types of shunts have been tried.** 

End-to-side splenorenal shunt was one of the earliest 
shunts to be used. However, it has fallen into disrepute 
and is not commonly used despite data to prove its superi- 
ority. Because of early good results with the use of this 
shunt, we have continued to use it routinely in all patients 
having variceal bleeding, except small children. It is the 
purpose of this article to review our experience with this 
shunt during the past seven years. 


CLINICAL STUDIES 


Twenty-eight patients with portal hypertension were treated 
with splenectomy and end-to-side splenorenal shunt during the 
past seven years. All but two had bled during the recent past and, 
in ten, hemorrhage was life-threatening at the time of admission 
or during hospitalization. In eight of these ten, tamponade with a 
Sengstaken-Blakemore balloon had to be employed. Two of these 
had recurrent bleeding on discontinuing the tamponade and, in 
them, construction of the shunt was done on an emergency basis. 

Complete hemogram, liver function tests, and roentgenographic 
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examination of the upper part of the gastrointestinal tract using 
barium were done in all cases. Measurement of splenic pulp pres- 
sure and splenoportography were done, usually on the morning of 
surgery. Although varices were seen on barium swallow in only 16 
patients (57%), they were demonstrated in all patients on spleno- 
portogram. The mean splenic pulp pressure was 420 mm saline. 
Eighteen patients (64%) had hypersplenism. The indications for 
shunt were variceal bleeding in 26 and hypersplenism associated 
with high portal pressure and gastroesophageal varices in two. 


Cirrhosis Group 


There were 19 patients, 12 female and seven male, in whom the 
cause of portal hypertension was cirrhosis. Most of the patients 
were in the third and fourth decade of life, the youngest being 17 
and the oldest 61 years of age. Six patients had consumed moder- 
ate amounts of alcohol and two gave a history of jaundice. Accord- 
ing to the criteria of Child,’ ten were in group A and nine in group 
B. Nine patients had moderate ascites that was easily controlled 
preoperatively. Assessment of hepatic portal flow was made from 
the splenoportograms as described by Warren.° It was normal or 
only slightly reduced in eight, moderately reduced in ten, and se- 
verely reduced in one. 


Portal Vein Thrombosis Group 


There were nine patients, eight male and one female, in whom 
the cause of portal hypertension was thrombosis of the portal 
vein. All had normal livers. Six were in their second decade, the 
youngest patient being 10 and the oldest 38 years of age. 


OPERATIVE TECHNIQUE 


We constructed a central splenorenal shunt as recommended by 
Clatworthy and Boles.’ The approach was made through an 
oblique abdominothoracic incision in the ninth intercostal space. 
The lesser sac was entered through the gastrosplenic omentum 
and the splenic artery was identified along the upper border of the 
pancreas and ligated. The splenic vein was identified in the hilum 
of the spleen and followed medially until it disappeared under the 
pancreas. The central end was clamped by a vascular clamp, a tie 
was placed peripherally, and the vein was divided. The remaining 
attachments of the spleen were then divided and the spleen re- 
moved. The body of the pancreas was reflected to the patient’s 
right, providing excellent exposure to the posterior surface of the 
splenic vein. The many small pancreatic tributaries were carefully 
isolated, ligated, and divided, and the vein freed up to its con- 
fluence with the inferior mesenteric vein. Next, a transverse inci- 
sion was made in the posterior peritoneum centered over the renal 
hilum, and the left renal vein was isolated in its medial part. 
Heparin sodium (50 mg in adults and 25 mg in children) was given 
intravenously, the renal artery clamped, and a medial segment of 
the renal vein isolated between vascular clamps. An ellipse of its 
anterior wall was excised. The splenic vein was brought to the re- 
nal vein, avoiding torsion or kinking. Its excess length was ex- 
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Fig 1.—Aortogram in patient who developed systemic hyperten- 
sion following construction of splenorenal shunt. Note left renal ar- 
tery stenosis (arrow) that resulted from injury with application of 
vascular clamp. 


cised, leaving an oblique stoma that was anastomosed to the win- 
dow in the renal vein using 6-0 monofilament suture. A continuous 
over-and-over suturing technique was used. In children, the ante- 
rior suture line was made with interrupted sutures. Just before 
the final suture was tied, the clamp on the splenic vein was mo- 
mentarily released to wash out any clots and the inside of the vein 
was thoroughly irrigated with heparinized saline. 


RESULTS 


A satisfactory shunt was constructed in 27 patients 
(96%), all of whom did well and were discharged from the 
hospital. In one patient with cirrhosis, only splenectomy 
was done because of excessive intraoperative bleeding; 
she bled a few days later, developed septicemia, and died. 
This was our only hospital mortality. 

The two patients in whom the shunt was done on an 
emergency basis did well. Tamponade was discontinued 
on completion of the shunt. They have not bled since. 


COMPLICATIONS 


Complications occurred in four patients. One patient 
was admitted two months postoperatively complaining of 
headache. She was found to be hypertensive. Blood pres- 
sure was 180/120 mm Hg. An intravenous pyelogram 
showed no dye in the left kidney. An aortogram revealed 
stenosis of the left renal artery (Fig 1) and reduction in 
size of the left kidney. This presumably was the result of 
injury to the artery from the application of a vascular 
clamp. An attempt was made to repair the stenosis, but it 
was unsuccessful. Accordingly, nephrectomy was done. 
Aftèr nephrectomy, the inferior mesenteric vein was can- 
nulated. Pressure was 180 mm of saline compared with 350 
preshunt, and the portogram revealed the shunt to be 
patent. She is now one year postshunt, normotensive, and 
has not had recurrent bleeding. 

- Other complications were less serious, namely, subphre- 
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Fig 2.—Follow-up of 27 patients who survived operation and were 
discharged from hospital. Four deaths occurred among patients 
with cirrhosis. Only one patient developed encephalopathy; he sub- 
sequently died. No patient had recurrent bleeding. | 


nic abscess in one patient, wound infection in one, and 
malaria in one. 


FOLLOW-UP 


Follow-up information is available in all cases. Figure 2 
shows the length of follow-up and the number of late 
deaths in the entire series. Complete hemogram and liver 
function studies have been done on all. Barium swallow 
was done in patients who had varices on this examination 
preoperatively. 


Cirrhotic Group 


Four patients have died during the follow-up period. 
Following an eight-week afebrile postoperative course, 
one patient suddenly developed fever and died after a few 
days. She never bled. Necropsy was not done. We believe 
the cause of death was probably unrelated to the oper- 
ation. 

One 50-year-old man with advanced cirrhosis (group B) 
died at home two months after surgery. A portacaval 
shunt had been done initially, at which time the portal 
vein was found to be partially thrombosed. The shunt was 
done after thrombectomy, but it did not stay open and the 
patient bled again. A splenorenal shunt was then done. He 
did well initially but died later, presumably of liver fail- 
ure. He did not bleed. Necropsy was not done. 

The third patient died of liver failure and fungal septi- 
cemia 3% years postshunt. He had alcoholic cirrhosis 
(group B) and had resumed drinking after the operation. 
He did well until the terminal illness. His shunt was found 
open at necropsy. 

The fourth patient developed encephalopathy at three 
years postshunt and died of liver failure one year later. 
This is the only patient in this series who developed 
encephalopathy. 
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The remaining 14 “patients are doing well after con- 
struetion of the shunt. No patient has rebled. All are 
working normally. They have improved considerably in 


' health, and ascites has not recurred in any of the nine pa- 


tients in whom it was present preoperatively and has not 
developed in any other patient. 

The hemoglobin level in every patient is above 12 
gm/100 ml, the mean hemoglobin level now being 13.2 
gm/100 ml (preoperative, 6.2 gm/100 ml). The blood pic- 
ture has returned completely to normal in the patients 
who had hypersplenism before surgery. The liver func- 
tions have improved in every case. Mean serum albumin 
level postoperatively is 4.9 gm/100 ml as compared to a 
mean of 3.9 gm/100 ml preoperatively. 


Portal Vein Thrombosis Group 


All nine patients in this group survived the operation 
and are doing extremely well. None had recurrent bleed- 
ing nor any complications. 


COMMENT 


Pertasystemic shunts are created most commonly for 
the treatment of variceal bleeding complicating portal hy- 


; : 2: - pertension. In patients with portal vein thrombosis, such 


á 


> 
=. 
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shunts protect the patient from recurrent bleeding and 
cause very few side effects. However, in patients with cir- 
rhosis, the outlook is entirely different. Here, if a shunt di- 
verts large volumes of intestinal venous blood from the 
liver, it impairs hepatocellular function and produces en- 
cephalopathy. An ideal shunt should prevent variceal 
bleeding and cause no untoward effects. Recently, Warren 
et al' and Britton: listed the physiological criteria of an 
ideal shunt, the most important of which is that such a 
shunt should preserve hepatic portal flow while adequately 
decompressing the gastroesophageal varices. These crite- 
ria are perhaps best fulfilled by the distal splenorenal 
shunt, as devised by Warren et al, and the side-to-side 
splenorenal shunt with ligation of the mesenteric end of 
the splenic vein, as suggested by Britton. The end-to-side 
splenorenal shunt also appears to meet these criteria and 
is technically much easier. This latter type of shunt has 
been described as a small variety of side-to-side porta- 
caval shunt; however, because of its smaller size and loca- 
tion, it behaves physiologically quite differently from a 
standard side-to-side portacaval shunt. Since it is smaller 
in diameter, it is hemodynamically less effective and of- 
fers greater resistance to the flow of large volumes of 
blood through it. 

The direction of the flow of blood in the superior mesen- 
teric vein after the construction of the shunt, whether 
hepatopetal or hepatofugal (through the shunt), depends 
on the relative resistance to the flow of blood in the liver 
and through the shunt. In early stages of cirrhosis, the in- 
trahepatic resistance is probably lower than that through 
the shunt; consequently, the superior mesenteric vein flow 
is predominantly hepatopetal. Britton’ used wedge 
phlebography to study six patients in whom he had done 
side-to-side splenorenal shunts. In none could the contrast 
material injected by hand be forced in a retrograde direc- 
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tion into the superior mesenteric vein or into the shunt, 
indicating that hepatopetal portal flow only was present. 
Since a splenorenal shunt done side-to-side is similar he- 
modynamically to one done end-to-side, the portal flow 
following the latter is also likely to be hepatopetal. 

There is indirect evidence in our series that the end-to- 
side splenorenal shunt does not divert large amounts of 
superior mesenteric vein blood from the liver. As judged 
from the preoperative splenoportograms, hepatic portal 
flow was normal or only moderately reduced in all except 
one of our patients. These are the patients who do poorly 
following the construction of a shunt that diverts large 
amounts of blood from the liver. Yet, following the sple- 
norenal shunt, all of the patients did well; none developed 
hepatic failure or encephalopathy during the early postop- 
erative period. Of the three deaths due to liver failure, 
only one occurred during the early follow-up period. This 
patient had advanced cirrhosis and hepatic portal flow 
was already severely reduced before the construction of 
the shunt. The other two deaths, including the one that 
followed a period of encephalopathy, occurred 3’ and four 
years postshunt and appear related to progression of in- 
trinsic liver pathology rather than to diversion of portal 
blood. 

To be sure, end-to-side splenorenal shunt does create a 
potential channel for reversal of portal blood flow occur- 
ring as the disease in the liver advances and the intra- 
hepatic resistance increases. But, this can happen in a pa- 
tient in whom no surgical shunt has been constructed 
through natural portasystemic shunts and has happened 
in one patient in whom distal splenorenal shunt was con- 
structed by Warren.’ 

The major reason a splenorenal shunt is not frequently 
used is that it is one of the more difficult shunts to create 
and has the highest incidence of occlusion. The splenic and 
renal veins are small, thin, and fragile compared to the 
much wider, thicker, and stronger portal vein and inferior 
vena cava. However, if the splenic vein is followed cen- 
trally, it becomes thicker and wider, and a central sple- 
norenal shunt is less difficult to create and is more likely to 
stay open. This shunt is placed very close to the entrance 
of the coronary vein, thereby providing excellent decom- 
pression of gastroesophageal varices. Because of its small 
size, it does not lower the intestinal venous pressure to 
normal, This has been shown to be beneficial, as a raised 
intestinal venous pressure slows ammonia absorption." 
However, it does lower the pressure enough so that the 
varices do not bleed. Employing such a shunt, we have not 
had recurrent bleeding in any of our patients observed up 
to seven years. 

Linton et al’? and Hallenbeck et al'® have reported on 
the superiority of end-to-side splenorenal shunt over porta- 
caval shunt. From a comparative anatysis of splenorenal 
and portacaval shunts, Linton et al"! concluded that *pa- 
tients have longer, healthier, and happier lives following a 
splenorenal shunt than following a portacaval shunt. At 
the end of five years, 57% of their patients who had,had 
splenorenal shunts were alive as opposed to 36% who had 
had portacaval shunts. They reported an incidence of 68% 





of hepatic coma following portacaval shunt, as compared 
te 7% following splenorenal shunt. Hallenbeck et al" re- 
ported a 25% incidence of encephalopathy following por- 
tacaval shunts, but only a 5% incidence following splenore- 
nal shunts. They also reported a better survival following 
splenorenal shunts than following portacaval shunts. The 
incidence of recurrent bleeding (19%) was the same in 
both shunt groups in the series reported by Linton et al" 
and similar results were reported by Hallenbeck et al." In 
the series of McDermott et al,“ encephalopathy occurred 
twice as frequently following portacaval shunts as follow- 
ing splenorenal shunts. However, the patients in the lat- 
ter group had better liver functions and were in better 
general condition. Voorhees et al,” on the other hand, 
found no statistically significant difference in the inci- 
dence of encephalopathy among the patients undergoing 
portacaval and splenorenal shunts. They reported a much 
higher incidence of probable shunt occlusion (19%) follow- 
ing splenorenal shunt than following portacaval shunt 
(5%). In our small series of 19 patients in whom portal hy- 
pertension was due to cirrhosis, we were able to get good 
results and confirm the value of the end-to-side spleno- 
renal shunt. 

Among patients with portal hypertension due to portal 
vein thrombosis, splenorenal shunt is one of the two 
shunts that can be constructed. These patients are mostly 
children. The splenic vein is of good caliber by the age of 8 
years, and it is possible to construct a splenorenal shunt 
from this age onward. 

Hypersplenism is frequently associated with portal hy- 
pertension. While reduction of portal hypertension follow- 
ing a portacaval shunt frequently corrects hypersplenism, 


the results are not always predictable. Sometimes it per-. 


sists and may even become worse.'*-"* Splenectomy com- 
bined with splenorenal shunt always cures hypersplenism. 
This was our experience. We do not believe in the use of 
prophylactic shunt, but if a patient with hypersplenism is 
found to have portal hypertension and varices on spleno- 
_ portography, splenectomy is combined with a splenorenal 
shunt. This was done twice in this series. 

For variceal bleeding that cannot be controlled by con- 
servative measures, emergency portacaval shunt is gener- 
ally recommended in good-risk patients." However, this 
may not be a good shunt in a patient who is bleeding ac- 
tively and, as a result, has further impairment of his liver 
function as well as a lot of blood in his bowel. A splenore- 
nal shunt may be a better shunt since it does not divert as 
large a quantity of intestinal blood from the liver. This 
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shunt was used twice in these circumstances with excel- i 
lent results. ya 
Thus, we see that an end-to-side splenorenal shunt has — 
wide application among the patients with portal hyper- 
tension. We have been so pleased with its results that we g 
now use it in every case of portal hypertension that re- 
quires a shunt for variceal bleeding, except in small E. 
children. E 
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Progression of Occlusive Atherosclerosis 


Long-Term Administration of Pyridinol Carbamate 


p = Walter Redisch, MD; Roy H. Clauss, MD; 
= Lawrence R. Rouen; Monique C. Katz, MD; Erwin N. Terry, MD 


The effects of pyridinol carbamate, a drug with demonstrated ca- 
pacity to inhibit development of atherosclerotic plaques in the rabbit, 
were studied in humans with symptoms of arterial occlusive disease 
in the lower extremities. Microcirculation, perfusion, claudication 


_ distance, peripheral pulsations, and angiographic appearances were 


supplemented by clinical impressions over a two-year period. Al- 


_ though the drug was discontinued in several patients from a larger 


a group because of gastrointestinal tract symptoms, and for other rea- 


sons, seven of eight patients receiving it showed no progression of 


their disease, whereas all 15 patients receiving identical-appearing 
placebos did. Although the number of patients is not sufficient to 
warrant statistical conclusions, the observations were totally objec- 


z _ tive and strongly encourage further control studies. 
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ane is a characteristic feature of atheroscle- 
rosis. It is accelerated with time, by certain disease 
states,’ trauma, and hemodynamic circumstances.’ Con- 
tainment of the rate of progression of the process is one of 
mankind’s goals. 

Kuthan and associates’ reported angiographic evidence 
of progression of atherosclerosis in 52% of 1,196 extrem- 
ities of 705 male medical patients observed 2⁄2 years on 
the average. Progression was more frequent in arterial 
segments immediately proximal to occlusions and in ar- 
teries of extremities with initial stenoses. In a series of 
reports by Warren and his associates,’ progression was 
noted in approximately 70% of patients at a median inter- 
val of four years. The most significant point of these com- 
munications may be that, in 90% of instances of progres- 
sion, this was observed proximal to the encroachment. 
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Following reconstruction, 90% of the observed progression 
occurred in the distal segments. 

Pharmacologic studies by Shimamoto and Sunga’ dem- 
onstrated that the administration of pyridinol carbamate 
could inhibit the development of atherosclerotic plaques in 
the rabbit. It was believed that the effects of pyridinol 
carbamate on the development and progression of athero- 
sclerotic lesions in man should be studied. A two-year 
course of treatment was envisaged in the protocol for a 
controlled study of the effects of pyridinol carbamate in 
peripheral arteries of patients who had undergone recon- 
structive vascular surgery. The outline of the study was 
the subject of an earlier report,’ but results have not been 
presented until now, awaiting breaking of the code. 


PATIENTS AND METHODS 


Ninety-four patients were involved in the program. Fifty-four 
patients completed the projected two-year course of treatment en- 
visaged in the protocol or would have had they not left the study 
for reasons given in Table 1. 

The main criteria for selecting patients were the presence of _ 
atherosclerotic occlusive arterial disease in the lower extremities, > 
with severity of complaints that surgery appeared indicated. Sur- 
gery was not performed on all patients because the extent of ath- 
erosclerosis technically precluded reconstructive arterial surgery 
in some. 

All patients were subjected to a presurgical examination includ- 
ing the standard clinical work-up, extensive laboratory evaluation 
of blood chemistry, three specialized examinations (claudication 
distance, perfusion, and microcirculatory changes), angiography, 
and a final clinical evaluation. 

Blood flow and perfusion measurements were made in a con- 
stant temperature-(23.5 C) and humidity-(55%) controlled laboxa- 
tory by the method of venous occlusion plethysmography using 
calibrated Whitney mercury-in-silicone-elastomer strain gauges. 
Claudication time and distance were determined on an electricall 
driven treadmill, with speed and elevation adjusted to individual 
patient’s tolerances. Eighty meters per minute at ten degrees ele- 
vation for five minutes was the maximum performance requested.” 
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Capillary microseopical observations of the structure of capillaries 
of the nail folds of three fingers of each hand were made at x60, 
documented by microphotographs. Capillaries were counted and 
classified, and greater than 15% change in categories between ob- 


= servation periods was reported as progression. 


Results of surgery were confirmed angiographically prior to dis- 


-= charge. These patients, and those with extensive disease not sub- 
jected to operation, were placed on a double-blind basis on either 


500 mg of pyridinol carbamate or an identical-looking placebo, 
four times a day, according to a randomization chart, without 
their attribution being known to those involved in assessing pa- 
tients throughout the course of the study. Thereafter, patients 
were observed at four-week intervals as outpatients in the Re- 
search Clinic of New York Medical College. 

The protocol of the study had been approved by the Ethics Com- 
mittee and the Research Committee of the New York Medical Col- 
lege, and informed consent in writing was obtained from patients 
in accordance with regulations governing the use of human sub- 
jects in evaluating experimental drugs. Detailed description of 
methods used in this study was published previously.* 

The results were assessed by the following criteria: 

Pulses.—Disappearances of pulses for a prolonged period of time 
were considered to represent progression of disease. It may be 
noted that the one-time failure to palpate pulses was not consid- 
ered to be meaningful. 

Claudication distance was expressed and recorded in meters, 


= derived from a nomogram of conditions of velocity, time, and ele- 


vation. Subjects were allowed to continue walking past the time of 
onset of pain, stopping when discomfort precluded continued 
walking. A decrease of 20%, consistent in consecutive months, was 
termed progression. 

_ Perfusion.—Progression of disease was defined as sustained de- 


lic creases of 20% from base line of perfusion per 100 ml of tissue per 


ninute, at rest and after exercise; or, of peak flow; or, of time of 
the onset of peak flow; or, of duration of response to exercise. 

-Microcirculatory Changes.—Microcirculatory changes were as- 
sessed by counting the number of abnormalities at each examina- 
tion and documenting them photographically. An increase in the 
number of abnormalities visualized at observation, exceeding 15% 
of the microcirculation, led to a statement of progression. 

_ Angiography.—Determination of progression or nonprogression 
(encroachment: new lesion, increased severity of preexisting ste- 
nosis, or occlusion of segment) was based on the routine assess- 
ment of serial angiograms by the radiologist, without any knowl- 
edge of attribution of patients in the study. In addition, the 
angiograms were assessed by two independent observers, one sur- 
geon and one internist, equally unaware of the attribution of pa- 
tients to placebo or active treatment. 

Clinical subjective evaluation is self-explanatory. 


RESULTS 


Fifty-four patients have completed two years of obser- 


vation since joining the program. Twenty-five received 


me] 
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pyridinol carbamate and 29, placebo. Twenty-three pa- 
tients completed the projected course of treatment of two 


years, eight of whom were receiving active drug and 15 of 
whom were receiving placebo. Adverse effects forced dis- 
cofitinuation of treatment in 13 patients, 11 of whom were 
receiving active drug. Two deaths, which occurred within 
the drug-treated group, were non-drug-related. A full re- 
pow of these fatalities was forwarded immediately to the 
Food and Drug Administration, followed by the submis- 
Sion of complete data on these two.patients. Twelve of 29 
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patients did not complete two years of placebo ingestion, . 


for a variety of nonmedical causes, as did eight patients — 
receiving active drug. 
Table 2 shows that there is basically no difference be-* 


tween sex distribution or age in the treated and ee | 


groups. 

Table 3 presents the results of the assessment of 23 pa- — 
tients having completed their two-year courses of treat- 
ment. Progression, based on the assessment of angio- 


grams, was seen in only one patient among those treated i 


with pyridinol carbamate, while progression was evident 


in all patients receiving placebo. A similar difference be- 
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tween the treated and placebo groups is also seen with re- 


gard to claudication distance and assessment of the micro- y 


circulatory bed. Alterations consistent with progression 


occurred much less frequently among those treated with- 


pyridinol carbamate than among those receiving placebo. 


In all other factors assessed, no substantial difference can 
be seen between the drug-treated and the placebo groups. 
A number of additional observations (postural color \ 


change, presence and healing of overt lesions, rest pain, - 
local edema) had also been assessed but are not reported 
here since their prevalence was low, precluding assess- 


ment of substantial differences between treated and Swi A j 


treated patients. 

No substantial changes were noted in any of the Py 
tory investigations carried out. We discontinued a study 
of platelet aggregation and adhesion, performed in the 


laboratory of the Department of Hematology according en 
the method of Born’ and of Hellem,* respectively, since re- — 


sults in all patients were completely unpredictable and did | 
not follow any given pattern within the same patients. 


COMMENT 
Atherosclerosis, regardless of its disputed and probably — 


multiple causality, tends to progress relentlessly.**" In- 


this study, no effort was made to match patients, since it 
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was believed that the degree of atherosclerosis present = l 
and the surgical intervention could not be totally identical 


in any two patients. Flow patterns, and particularly tur- 















Adverse effects 11t 
Non-drug-related 
medical problems 


Amputation 


Physician's objection 

Dropouts 

No show ee 3 
Untreated control 


* In the original study group of 54, eight in the drug group and 15 
in the placebo group completed two years. One of the two patients 
who died completed two years in the drug group and is counted 
among the eight mentioned above. 

t After having suffered adverse effects that caused discontinuation 
of treatment, three patients were continued as controls. 
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Table 1.—Reasons for Leaving Study Group* | 


Reasons for Leaving Drug Group — Group 


Personal problems a 
Death a 
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bulences, are thought to play important roles in the devel- 


S opment of atherosclerotic plaques,” yet such turbulences 
-are likely to occur in different sites of the vascular tree or 
Porat of individual patients, voiding any comparison be- 

y tween two or more patients. Matching of patients would 


not have removed inherent difficult problems. 
The type of patient studied here is commonly thought to 


t 


Total group 
Average age, yr 
Æ SD 
No. 
Completed two years 
Average age, yr 
+SD 
No. 
Non-drug-related 
medical problems 
_ Average age, yr 
+ SD 


No. 
Adverse effects 


Average age, yr 
+ SD 


Total 


62.1 + 8.31 
54 
59.7 + 8.73 
23 


61.8 + 8.40 
20 
65.6 + 5.36 
13 


Male 


61.5 + 7.50 


33 


61.2 + 7.25 
16 


61.2 + 9.13 


13 


61.7 + 3.50 
7 
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show evidence of progression of his obstructive arterial 
disease over a two-year period.’ 

Results of the study appear to indicate that there is a 
real difference between patients treated with pyridinol 
carbamate and those receiving placebo with regard to pro- 
gression or nonprogression of the underlying condition 

and in the incidence of adverse effects occurring through- 


Table 2.—Demographic Data 


Female 
62.9 + 9.54 
21 


56.1 + 11.26 
7 


62.7 + 7.57 
7 


70.2 + 2.86 | 


6 


Drug 
60.8 = 8.71 
32 


57.6 = 9.78 
8 


57.8 + 9.65 
8 
64.8 + 5.46 


11 


Placebo 


63.9 + 7.46 
22 


60.8 + 8.26 
15 


64.7 + 6.26 
12 


70.0 = 1.41 
2 





Table 3.—Assessment of 23 Patients Who Completed Two-Year Course of Treatment 





a Pulsest a 
TRN Previ- 
F. Micro- Perfusiont Claudi- Dor- Clinical Dates of Angiograms ous 
Mi Patient circu- cation Tibio- salis Impres- Angio- PERESA E 
N G No. Drug lation* R L Distancet Femoral Popliteal peroneal Pedis sions$ gram|| First Second Third _ tion{ 
NF 1 Yes NC NC NC NC PP DEC PA PA PROG NC 10/73 3/72 3/73 AIF (R) 
A "Yes NC NC DEC DEC DEC DEC PA PA NC PB:PROG 8/70. 2/72 SFTS 
aie | Yes NC DEC DEC NC NC PP 11/69 3/72 3/73 FP (B) 
Br DEC NC DEC NC PROG NC 10/69 2/72 
eg NC DEC NC NC NC NC 1/71 3/72 4/7802 
` DEC NC NC NC NC NC 4/71 4/72 10/73 AIFP (L) 
pe NG NC NC NC PROG NC 6/71 3/72 6/73 AIF 
‘pay | NC NC NC _ DEC PROG NC 4/72 10/73 AIF 
a DEC NC NC NC PROG PROG:DR 3/71 3/72 3/73 ... 
| DEC DEC DEC DEC PROG PL:PROG 1/71 3/72 3/73 FP (B) 
SS) NC DEC DEC DEC PROG PR:PROG 11/69 3/72 1/73 FP (L) 
a DEC DEC NC DEC NC PROG:DL 4/70 12/70 3/72 AIF 
a | DEC NC NC DEC PROG PL:PROG 5/69 2/72 4/73 AIF 
= NC NC DEC NC NC PROG:DL 8/69 3/72 7/73 FP(R) 
a NC NC NC __ DEC PROG PR:PROG:DL 3/71 2/72 11/73 FP(R) 
or DEC NC NC NC PROG PB:PROG 4/71 4/72 5/73 
9 -SA DEC DEC DEC DEC NC PROG 4/71 par 
a DEC NC DEC DEC PROG PROG:DR 8/67 4/72 6/73 FP(R) 
5: DEC NC NC PL:PROG 7/70 7/72 5/74 AIFP (L) 
Ei DEC NC NC PROG:DL 6/71 6/72 6/73 
K- | o NC NG  PB:PROG 7/71 11/72 12/73 ... 
Eo DEC NC NC PB:PROG 6/71 1/7 AIFP (R) 
J ¥ DEC DEC DEC PA PROG PB:PROG 7/71 3/72 Air. 
|< No change, NC; less normal (increased number of abnormalities), DEC. | 
ao + No change, NC; decreased, DEC. 
TE ¢ Pulse present, PP; pulse absent, PA; no change, NC; decreased intensity compared to base line or loss of previously present pulse, DAC+ 
a § No change, NC; progression, PROG. 
È l || No change, NC; proximal to knee joint line, P; distal to knee joint line, D; right leg, R; | eft leg, L; bilateral, B; progression, PROG. b 
S 1 Aorto-iliac-femoral-popliteal, AIFP. ' - 
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out the study. The true meaning of results obtained in this 
investigation, though, may be difficult to interpret. The 
data involved are as objective as can be in this type of 
study, but the number of patients is too small to be sub- 
jected to statistical analysis for determination of signifi- 
cance. It is striking that, of eight patients treated with 
pyridinol carbamate, seven did not show any progression 
according to criteria used in the past in the evaluation of 
patients. In contrast, all of the 15 patients receiving pla- 
cebo demonstrated progression, using the same standards. 
Some of the patients had been observed for considerable 
lengths of time prior to being admitted to this study. One, 
patient 30, had been observed for nine years and, due to 
relentlessly progressing atherosclerosis, required frequent 
operations, having undergone six procedures prior to 
being admitted to the study. Following the seventh inter- 
vention in 1971, this patient was admitted to the study 
and has been doing well since. The broken code indicates 
he had been receiving the active drug. There is no readily 
apparent explanation for the relentless progression of 
atherosclerosis observed in patient 5, a middle-aged non- 
diabetic woman, who had received pyridinol carbamate. 
Subjectively, she states she did not feel any worse, but her 
condition had shown objective deterioration evidenced in 
diminution of the femoral pulse, decrease of claudication 
distance, and of perfusion and angiographic progression. 

Objectively demonstrable changes in patients’ condi- 
tions apparently are not always reflected in subjective 
complaints. Thus, even under conditions of a controlled 
study, which in the present report was double-blind, it 
would appear that the major problem is to determine ob- 
jectively progression and nonprogression of the under- 
lying condition. At the level of today’s understanding and 
knowledge of atherosclerosis, one can hardly expect a re- 
versal of morphologic changes whether or not effective 
therapy is used. However, maintaining the condition at 
pretreatment levels, limiting, delaying, even preventing 
further progression of the condition, would be desirable 
aims. It appears that serial angiographic examinations 
would be the best method to monitor progression of ather- 
osclerotic vascular changes in the periphery of such pa- 
tients.” However, one attempts to confine the use of this 
invasive procedure, if feasible, to initial diagnosis and cru- 
cial points of evaluation. A number of noninvasive or less 
invasive procedures are available. Venous occlusion plethys- 
mography, together with radioisotope clearance from the 
muscle vascular bed in the extremity, may, perhaps, pro- 
vide adequate information for follow-up.” 

The adverse effects noted during the study deserve par- 
ticular mention. They were all centered on the gastroin- 
testinal tract and disappeared with discontinuation of 
drug administration. Apart from nausea, a particularly 
unpleasant type of diarrhea occurred in patients and reoc- 
cirred in those’who, after initial discontinuation of the 
dose administered, were rechallenged, indicating that this 
is a non-dose-dependent drug effect. 

* én patients with “adverse effects” who were found to be 
receiving placebo, challenge failed to reproduce the unde- 


“sirable manifestations observed. initially. Despite the 
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seemingly high rate of discontinuation of drug adminis- — 
tration necessitated by side effects, a therapeutic trial | 
with pyridinol carbamate seems justified in patients ob- 
served with occlusive arterial disease, particularly in the — 
absence of other known effective means to arrest or delay _ 
progression of atherosclerosis. Drug administration has to — 
be continued for prolonged periods of time to permit as- 
sessment of efficacy. It is hoped that similar investiga- 
tions with larger groups of patients will be carried out, to — 
permit determination of statistical significance. 


This investigation was supported by a grant from the Japan Atheroscle- 
rosis Foundation. 
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Editorial Comment JN 


The authors set up an excellent pattern for clinical investiga- 
tion of the effects of this drug. They rapidly became aware of the 
vicissitudes of such a study: drug reactions, dropouts, deaths, and 
difficulties with the objective analysis of such things as claudica- 
tion distance and arteriograms. They have ended with a number 
of test patients so small as to make statistical analysis impossible 
at the 95% level of confidence. The ARCHIVES is privileged, how- 
ever, to publish the results of their work as a model of how these 
problems must be approached clinically in the future. 

RICHARD WARREN, MD 
Boston 
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(Multi-Vitamin 


M N. l. | Infusion) 


Each 10 cc. ampul' or 5 cc. Concentrate 
vial! provides 
Ascorbic acid (C) 
Vitamin A*.. 
Vitamin D* 
(ergocalciferol)..... 
Thiamine HCI (B:) 
Riboflavin (B2)" | 
Pyridoxine HCI (Be)... 
Niacinamide er 
Dër Anthoni sociis 
Vitamin E* 
(dl-alpha tocopheryl acetate).....5 Int. Units 
‘With sorethytan laurate 1%, sodium hy- 
droxide 1%; and gentisic acid ethanolam- 
ide 2% as preservative 


....... 900 MO. 
10,000 U.S.P. Units 


.. 1,000 U.S.P. Units 
.. 90 mg. 
. 10 mg 
. 15mg. 
.. 100 mg. 
.. 25 Mg. 


"With propylene glycol 30% as stabilizer and 


preservative, sodium hydroxide for pH ad- 
justment, and sorethytan laurate 1.6%; in 
Concentrate as riboflavin-5-phosphate 


*Oil-soluble vitamins A, D and E water 
solubilized with sorethytan laurate; cover- 
ed by U.S. Patent No. 2,417,299 


BRIEF SUMMARY 


INDICATIONS: in emergency feedings 
Surgery, extensive burns, fractures and 
other trauma, severe infectious diseases, 
comatose states, etc. may provoke a 
stress’ situation with LOLOTE UG OAE 
in the body's metabolic demand" 
consequent tissue depletion of nutMents. 
As a result, wound healing may be im- 
paired, enzyme activity disturbed, hema- 
topoietic tissues affected; hypo- 
proteinemia and edema may appear; con- 
valescence is thus prolonged 
In such patients M.V.I. (administered tn in- 
travenous fluids under proper dilution) 
contributes optimum vitamin intake toward 
maintaining the body s normal resistance 
and repair processes 
DIRECTIONS FOR USE: M.V.I. is ready 
for immediate use when added to in- 
travenous infusion fluids 
For intravenous feeding, one daily dose ot 
10 cc. of M.V.I. or 5 cc. of M.V.I. Concen- 
trate added directly to not less than 500 
c., preferably 1,000 cc., of intravenous 
dextrose, saline or similar infusion solu- 
tions...olasma, protein hydrolysates, etc 
PRECAUTION: Allergic reaction has n 
known to occur following niravenoufi 
ministration of solutions containing 
mine. 
CAUTION: Not to be given as a direct 
undiluted intravenous injection as it may 
give rise to dizziness, taintness, etc 
THERAPEUTIC NOTE: Intravenous use 
should be discontinued as early as prac- 
tical in favor of an intramuscular or oral 
vitamin preparation., if deemed advisable 
HOW SUPPLIED: M.V.I.—10 cc. ampuis 
boxes of 25 and 100 
M.V.I. CONCENTRATE—5 cc. vials, boxes 
of 25. Available in 100's only 


cS 


PHARMACEUTICALS 
USV PHARMACEUTICAL CORP. ,Tuckahoe, N. Y. 10707 





D+C+ 
A+D+Ẹ= 
MNV.. 


(Multi-Vitamin Infusion) 


short term or long term 


A more comprehensive parenteral 
vitamin formula because... 


M.V.I. includes not only the B complex* and C 
vitamins but also the fat-soluble vitamins A, 
D and E—water solubilized for faster, 
more complete absorption. 


< See opposite page for product es Era 
Brief Summary. 


*M.V.1. formula Contains vitamins B), Bo, 
niacinamide, qexpanthenol and B4..If needed, 
vitamin K, vitamin Bız and folic acid may 
be optional additions to parenteral nutrition 
programs utilizing M.V.I. 
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New Olympus intermediate length colonoscope 
CF-MB is beautiful... 


when you get to know it. 


Some people say our new CF-MB couldn’t be called “pretty.” Olympus could have made it 
“prettier” but your working requirements were more important. Every request for capabilities 
made by leading doctors whom we consulted, is built into CF-MB. The benefits of one-hand 
control were asked for most. Olympus CF-MB now offers simultaneous observation and target 
biopsy. The new CF-MB with 1110mm working length and 4-way tip angulation, makes it easier 
to observe, perform cytology or biopsies and automatically photograph all areas, from the rec- 
tum, to the transverse colon with minimum patient discomfort, fast and accurately. The longer 
CF-LB is available for work beyond, to the ileum and cecum. For more information write to 
Olympus Corporation of America, Medical Instrument Division, 2 Nevada Drive, New Hyde 
Park, New York 11040. 


OLYMPUS 











The most precise diagnoses 

have the support of target 
=m biopsy and a 

clear photo record. 








bA | Bee 
Olympus CF-MB gives you both. This 
x-ray shows CF-MB in position to ob- 
serve, biopsy and photograph in mid- 
transverse colon. The photo, taken in 
color, is proof of an existing polyp 
which x-ray might have missed. 
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A Prognostic Indicator of Healing 


Michael E. Siegel, MD; Frank A. Giargiana, Jr. “MD; 


Buck A. Rhodes, PhD; G. Melville Williams, MD; 3 


Henry N. Wagner, Jr., MD 


Forty patients with an ischemic ulcer of the lower extremity | 
peripheral vascular perfusion studies, performed with anes g 
injections of aggregated technetium Tc 99m serum albumin micro- | 
spheres (15y to 30u in diameter), in an attempt to develop an obec 
tive prognostic criterion for healing. The association between ulcer — 
healing and the presence or absence of diabetes mellitus, palpable _ 


$- 





peripheral pulses, and patent trifurcation vessels on the arteriogram 


was reviewed and no association was noted. When, however, there 


was a relative hyperemia of the ulcer bed in comparison to the adja- a 3 
cent tissue of at least 3.5:1, as determined by counting the amount 
of radioactivity per unit area, 86% of patients went on to heal their — 


ulcers. In those without this degree of hyperemia, only 11% 
healed with conservative nonsurgical management. The results hav T 
shown that relative hyperemia of the ulcer bed is a clinically useful 


prognostic indicator in the patient with ischemic ulcer disease. go fa 


4 é 


P the management of patients with an ischemic ulese 4 oe 


of the extremity, it is often quite difficult to determine 
clinically which will heal with conservative management 


or which will require a disfiguring amputation procedure. _ 


We have used the term “ischemic ulcer” to denote a skin 
lesion with tissue loss related to arterial disease, rather | 
than using the term as a description of the perfusion state 


of the lesion. An objective, reliable prognostic criterion for za 
determining the healing potential of an ischemic ulcer i is 


needed to prevent unnecessarily prolonged hospitalization 


or premature surgery. If even one limb can be saved, there 


2 


is real benefit to the patient, his family, and the commu- i 
nity as a whole.’ . 

Inherent in the healing process is the ability to develop 
an inflammatory response and hyperemia that are neces- — 


sary requirements for this revitalization process. After 


intra-arterial injections of degradeable ee i» 





Accepted for publication Sept 25, 1974. es 

From the division of nuclear medicine (Drs. Siegel, Rhodes, and Wagner) 
and diagnostic radiology (Dr. Giargiana) and the Department of Surgery 
(Dr. Williams), Johns Hopkins Medical Institutions, Baltimore. 
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A technetium Tc 99m serum albumin microspheres (15u to 


‘ioe 
30u in diameter), the relative blood flow in the extremity 
= is proportional to the distribution of microspheres that 
. can be visualized and quantitated by scintillation scan- 
ning. In patients with arterial diseases, the arterioles may 
be maximally dilated secondary to ischemia and no fur- 
= ther response is possible in areas of injury or infection. 
Thus, the radioactivity per unit area of lesion to that of a 
= neighboring area reflects the degree of ischemia on a local 
f or microcirculatory level, which in turn may predict 
_ whether or not the lesion will heal with conservative mea- 
sures. 
} The potential usefulness of this principle was reported 


_ by Gardner et al’ who, in a preliminary report, found an 
association between healing and hyperemia in patients 
a with a variety of lesions, including ulcers and surgical 
f wounds. In contrast to this initial study, we have selected 
only patients with ischemic ulcers and no previous surgery 
and have utilized this principle to investigate the relation- 
ship between the presence and degree of hyperemia in the 
ulcer bed and the ability of the ulcer to heal with con- 
= servative management. We also investigated the value of 
_ the arteriographic finding of patent trifurcation vessels 
= and the presence of diabetes or palpable peripheral pulses 
a in predicting which ulcers will heal. 


METHOD 


_ Peripheral vascular perfusion scans were performed in a group 
= of 40 patients who had, clinically, ischemic lesions of the lower ex- 
 tremity. Approximately 75% (29 of 40) of the patients had lesions 
involving the toes, while the remaining 25% had involvement of 
_ other aspects of the foot (six of 40) or ankle and lower part of the 
= calf (four of 40). As mentioned above, to further control the vari- 
ables, no previous arterial surgery had been performed on the in- 
volved extremities nor, obviously, was any performed during the 
maximum interval of conservative therapy. In 50% of these pa- 
_ tients the procedure was performed at the time of arteriography. 
Five to ten millicuries of aggregated technetium Tc 99m serum al- 
bumin microspheres (15, to 30u in diameter) was injected 15 min- 
~ utes after completion of the arteriography via a translumbar 
= catheter placed into the descending aorta. The catheter tip was lo- 
= cated just below the level of the renal arteries. In the remaining 
50% of the patients, either arteriography was not requested or the 
~ patient was an outpatient. In these cases, approximately 5 milli- 
curies of aggregated technetium Tc 99m serum albumin micro- 
spheres was injected via a Teflon-sheathed No. 19 gauge needle 
that was placed in the femoral artery of the extremity in question. 
The injection was made upstream through this small catheter. 
i After an injection of the particulate radiopharmaceutical, the 
| particles are distributed in proportion to the relative distribution 
_ of perfusion in the leg and are trapped by the first capillary bed 
they encounter. One is then able to visualize and, in a relative 
sense, quantify the distribution of perfusion in and around the re- 
gion of interest. This approach is analogous to that used in lung, 
myocardial, or leg perfusion scanning.’ At the completion of the 
procedure, the extremity was scanned anteriorly and posteriorly 
with a dual probe 5-inch rectilinear scanner using 1:5 minification 
(Fig 1). The actual scan was not essential to this investigation, but 
quite preliminary studies show it may be useful for optimizing the 
selection of amputation level in the event that amputation is con- 
~ sidered. The amount of radioactivity per unit area in the ulcer bed 
E and in the adjacent areas, and thus the relative hyperemia in 
< : 
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these areas, was determined by point counting. In all cases this 
was done with the scanner probe. In 50% of the cases a second 
measurement was made with a small hand-held collimated probe 
connected to a digital recorder and in 25% of the cases by electron- 
ically flagging the areas of interest from a minicomputer display 
system. | 

Clinical information about each patient was recorded with par- 
ticular reference to the presence of diabetes, peripheral pulses, 
and the status of the trifurcation vessels, if known. The max- 
imum, clinically feasible, conservative, nonamputative course 
of management was afforded each patient. These management 
courses ranged from ten days to three months. 


RESULTS 


Of the 40 patients, 21 had diabetes mellitus and were 
being treated with orally administered hypoglycemic 
agents or insulin. Of these 21 patients, ten went on to heal 
their ulcers with conservative management while 11 re- 
quired amputations. The distribution of healing and non- 
healing in patients without diabetes was quite similar 
(Table). 

Of the 40 patients, 32 had no palpable pulses distal to 
the femoral pulse. Of these, 15 went on to heal with con- 
servative therapy, while in 17 amputation was un- 
avoidable. Those patients with pulses palpable below the 
femorals, although small in number, showed a similar dis- 
tribution of healing (Table). 

In evaluating the trifurcation vessels from the arterio- 
gram, the “runoff” was considered good if at least two tri- 
furcation vessels of the calf were patent, and poor if only 
one vessel was patent. Of the nine patients with good 
runoff, four ulcers healed with conservative management 
while five went on to amputation. The results of the ten 
patients with poor runoff were distributed in a similar 
manner (Table). 

The frequency distribution of healing as a function of 
the ratios of the activity per unit area in the ulcer to that 
of the surrounding area is seen in Fig 2. In maximizing 
the separation of those who healed from those who did not 
heal, a ratio of 3.5:1 is taken as the minimum hyperemic 
response adequate for healing. At or above this ratio, 86% 
(18 of 21) of patients went on to heal their ulcers. Con- 
versely, of the 19 patients whose ulcers did not display at 
least this magnitude of hyperemia, only 11% (two of 19) 
went on to heal, with the remainder having to undergo 
amputation (Table). It was of interest to note that, al- 
though the numbers were small, no relationship was noted 
between the location of the ulcer and its ability to heal. 


COMMENT 


In addition to psychological trauma, amputation is asso- 
ciated with substantial morbidity as well as surprising 
mortality, reported as high as 20%.° Yet, amputations in- 
volving the lower extremity account fôr approximately 
0.5% of all operations in the United States, and in the Vet- 
erans Administration system for approximately 2% of all 
operations.’ The indication for 92% of these amputations 
was gangrene, necrosis, or ulcer.’ Objective criteria for @x- 
pediting the needed amputation or avoiding the unneces- 
sary amputation are lacking. Those criteria used to pre-* 
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== Fig «+ 1.—Peripheral vascular perfusion 


scan of patient with ulcer of left heel in 
identical location“as increased activity seen 


on scan. Hyperemic ulcer eventually healed. 
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Fig 2.—Frequency distribution of ulcer healing with conservative management as function a 
of presence and degree of hyperemia in lesion. o> 
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Es. ; 
= dict which ischemic lesions will heal and thus to determine 


y 


= to whom and at what level an amputation should be done 
pe = are anything but consistent. Arguments for and against 
, the relationship between the presence of diabetes and pal- 
= pable peripheral pulses and the ability of an ischemic le- 
= sion to heal have been reported.*"” From our studies, as 
=~ wellas those noted in the literature," it appears that heal- 
~ ing may not be dependent on a palpable pulsatile arterial 
= flow but is obviously related to the adequacy of the micro- 
= circulation and its capacity to produce an inflammatory 
= response with its associated hyperemia. Thermography of- 
fers an indirect means of assessing this function but is 
= nonspecific in that it detects and quantifies any source of 
= exothermic activity, irrespective of cause. Visualizing 
and quantifying the distribution of intra-arterial injec- 
= tions of radioactive particles permitted us to directly esti- 
~ mate this necessary function. 

We have found that there was no consistent association 








between the presence or absence of diabetes, peripheral 
pulses, or two-vessel runoff on the arteriogram and the 
ability of an ischemic lesion to heal with conservative 
management. However, there was a striking association 
between the presence of a relative hyperemia of the ulcer 
bed to the adjacent tissue, of at least 3.5:1, and the ability 
of the ischemic ulcer to heal. Eighty-six percent of pa- 
tients with at least this degree of hyperemia in their ul- 
cers went on to heal their lesions. Conversely, 89% of pa- 
tients without this degree of hyperemia required an 
amputation because of nonhealing of their lesions. Our 
findings have proved to be of substantial clinical value in 
the management of patients thought to have ischemic 
ulceration. 


This investigation was supported by Public Health Service grant GM 
10548. 
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The group from the Division of Nuclear Medicine at Johns Hop- 
kins, in association with their surgical colleagues, have herewith 
extended the technique of aggregated technetium Tc 99m serum 
albumin microspheres to study the circulation in the ischemic 
lower extremity. They have tested the degree of circulatory de- 
privation of the tissues by examining the hyperemic response to ul- 
ceration. They have found a sharp dividing line between ischemia 
that permits healing and that which does not: a ratio of 3.5 to 1 of 
concentration of isotope between the involved tissues and the nor- 
| mal ones. They express confidence that this line may be critical in 
~ selecting the level of amputation. 

i I have three comments. First, congratulations on applying this 
l; technique to the extremity. It has more promise than its predeces- 
| sors ef being the long sought-for definitive test to help with mak- 
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Editorial Comment 


ing the decision concerning amputation and selection of level. 
Therefore, despite the need for arterial puncture, it should be fur- 
ther pursued. Second, we must recognize that the pursuit will be a 
long one, because the method has a strong competitor. I refer to 
the time-consuming, time-honored observation for failure or not 
to respond to all known conservative measures. This contestant 
will for a long time have the patient and the doctor on its side. 
Third, the identification by the authors of the unreliability of the 
level of the lowest palpable pulse, the arteriographic distribution 
of collaterals, and the presence or absence of diabetes as pre- 
dictors of healing cannot be too often reemphasized. 

RICHARD WARREN, MD 
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~ Solid Malignant Neoplasms 


John L. Tarpley, MD; Paul B. Chretien, MD; G. Nicholas Rogentine, Jr., MD; 


Patrick L. Twomey, MD; A. Lee Dellon, MD 


To evaluate the relation between histocompatibility antigen phe- 
notypes and solid malignant neoplasms, HL-A type was determined 
in 633 cancer patients and compared with those of 489 normal con- 
trols. HL-A8 was elevated in patients with squamous cancer, mela- 
noma, and adenocarcinoma. The highest incidence occurred in pa- 
tients with salivary gland adenocarcinoma (67% vs only 17% in 
normal controls). A threefold increase in HL-A5 was detected in pa- 
tients with connective tissue sarcomas (28% incidence vs 9% in nor- 
mal controls). Antigen frequencies did not vary when analyzed by 
time of diagnosis or interval after treatment. The finding that certain 
malignant neoplasms have associations with increased frequency of 
individual HL-A antigens may give clues to cause and genesis for 
these tumors. 


tudies of the H-2 loci in mice utilizing genotypic 
manipulation by selective breeding have demon- 
strated the presence of immunoregulatory genes and 
virus susceptibility genes and their possible inter- 
relation.” Furthermore, the detection of the relationships 
between histocompatibility antigen phenotype in animals 
and susceptibility to viral-induced cancer, and also the as- 
sociation of particular HL-A types and several diseases in 
humans’ has stimulated a similar search for associa- 
tions between human malignant neoplasms and HL-A 
phenotypes. Scattered reports of elevated or depressed 
HL-A antigen frequencies have been published for mela- 
noma,‘ breast carcinoma,’ Hodgkin disease, and acute 
lymphocytic leukemia.’ Because many of these studies 
contained small sample sizes, they have often failed to be 
confirmed or even have been refuted.’ 

In a major demographic study of antigen frequencies in 
cancer patients, Takasugi et al* did not find an out- 
standing association between HL-A antigens and the 
common types of cancer that they studied. They concluded 
that greater numbers of patients should be studied to af- 
ford more significant interpretations and finer subdivi- 
sions of cancer into smaller, more specific categories. The 
present study is an initial attempt at such correlations. 
From the results of HL-A typing in 633 patients with 
solid malignant neoplasms, we attempted to evaluate in- 
dependently the trends that were suggested by Takasugi 
and his co-workers* by determining the frequency of anti- 
gens by site and higtologic findings, and to analyze for dis- 
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tribution of antigen frequencies in relation to survival af- 
ter potentially curative treatment. 


SUBJECTS AND METHODS 
Method 


HL-A typing for 21 specificities was performed by standard mi- 
crocytotoxicity method. The technique and definition of the anti- 
sera have been described in detail previously.’ All samples were 
tested concurrently with controls between November 1972 and 
March 1974. 


Patients 


Patients studied were at the National Cancer Institute, Surgery 
Branch, or neighboring hospitals. The patients at the time of test- 
ing were at varying intervals from the time of diagnosis and 
treatment and, thus, represent a mixture of preoperative, recent 
(zero to five years) operative, and apparently cured patients (more 
than five years since treatment). In each instance, there was his- 
tologic confirmation of malignant neoplasm and histologic find- 
ings with full follow-up were available on all patients. Blood bank 


donors and normal volunteers constituted the normal control pop- 


ulation. 


Statistics 


HL-A antigen frequencies were compared using chi-square 
analysis employing 2 x 2 tables. Yates correction factor was em- 
ployed in 2 x 2 tables with any calculated expected frequency less 
than 5. To take into account the large number of comparisons 
made in search of a deviant result, the resulting probability 
should be multiplied by 21, the number of antigens assayed. The 
statistical results are expressed in the uncorrected form to facil- 


-itate detection of trends (.002 < P < .05). For statistical signifi- 


cance, P must be < .002, since in the corrected form P < .002 x 21 
is P<.05. 


RESULTS 


The frequencies of the 21 antigens in white controls and 
white patients are presented in Table 1, categorized by 
histologic findings and by organ when numbers were suf- 
ficient. The present study demonstrates inereases in the 
frequency of HL-A8 in patients with solid malignant neo- 
plasms, of HL-A8 in patients with salivary gland cancers, 
and of HL-A5 in patients with connective tissue sarcomas 
when compared to antigen frequencies of the normal con- 
trols. Three of the four major histologic types studied 
demonstrated trends toward an increased frequency of 
HL-A8: squamous cell carcinoma, melanoma, and adeno- 
carcinoma. The principal contributor to the increase in 
the incidence of HL-A8 was the patient group with sali- 
vary gland adenocarcinoma, among whom 67% were HL- 
A8, compared to 17% of normal controls. Twenty-eight 
percent of sarcoma patients, four of 15 osteosarcoma, and 
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* 002 <P < .05, uncorrected. 
t P < .002, uncorrected. 
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Table 2.—Correlations of HL-A Frequencies With Interval Since Diagnosis in White Patients With Solid Malignant Neoplasms 
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* Difference in W5 frequency in melanoma 1973-1974 vs 1970-1972 + < 1969; P < .05, uncorrected. 


t Difference in HL-A3 frequency in squamous cell carcinoma, 


larynx, 1970-1974 vs < 1969; P < .05, uncorrected. 


£ Difference in W10 frequency in squamous cell carcinoma, larynx, 1970-1974 vs < 1969; P < .05, uncorrected. 


four of seven chondrosarcoma patients were HL-A5, com- 
pared to 9% of the normal controls. Several additional de- 
viations from the control frequencies occurred, but most 
fell in the .002 < P < .05 uncorrected range and are desig- 
nated by an asterisk in Table 1. These represent trends 
that are not statistically significant after appropriate 


multiplication of the probability by the number of anti- 


gens studied. 

Antigen frequencies did not vary significantly when an- 
alyzed by time of diagnosis, a correlate of survival (Table 
2). The frequency of W5 in patients with melanoma two or 
more years after diagnosis was decreased when compared 


= withthe frequency of W5 in patients more recently diag- 
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nosed with melanoma. Patients surviving laryngeal squa- 
mous cell cancer three or more years after treatment ex- 
hibited lower frequencies of HL-A3 and W10 than did 
their counterparts who were diagnosed more recently, but 
these differences with time were not significant when cor- 
rected (.002 < P < .05, uncorrected). 

No significant variations from the frequencies of anti- 
gen distributions in black normal controls were detected 
in the black patients with cancer of the lung or esophagus 
(Table 3). Of interest, there was no differenee in the distri- 
bution of antigen frequencies between the black and white 
patients with squamous cell carcinoma of the esopha 
other than that due to expected racial differences.” 


$ 
t 


. | Histocempatibility Antigens/Tarpley et al 






















y S 
na ir- k ~~ W 
+ ele b 


Table 3.—HL-A Antigen 
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* P< .05, uncorrected. 


COMMENT 


HL-A type is only one of many potential factors that 
may contribute or be associated with the development of 
malignant neoplasms. In the past three years, the re- 
sponses to many simple and complex protein antigens in 
mice have been found to be associated with histocompati- 
bility antigen-linked immune-response genes.' ‘The rela- 
tionship between cancer and immunology has been stud- 
ied in depth the past ten years, and the assessment of the 
HL-A phenotype and genotype is one currently available 
genetic marker. A variety of human diseases have been 
associated with increased frequency of certain antigens at 
the HL-A loci: gluten-sensitive enteropathy,’ chronic ac- 
tive hepatitis,? dermatitis herpetiformis,’ Reiter syn- 
drome, ankylosing spondylitis,* myasthenia gravis,” 
and psoriasis.’ These diseases have demonstrated striking 
associations with increased specific HL-A antigens that 
occur three to ten times the frequency in the normal popu- 
lation. However, there is little agreement between re- 
search groups as to the statistical validity of many of the 
associations made in studies of cancer patients. The dif- 
fering racial composition, the heterogeneity of the disease 
entities, and the variability of cofactors such as carcino- 
gens make comparisons among groups of patients diffi- 
cult. Fundamental problems are the nonstandardization 
of HL-A typing sera, the control populations employed by 
various laboratories, and the resultant difficulties in defin- 
ing some of the W specificities, as evidenced by statistical 
differences between our control population and that of 
Takasugi et alë for W28, W5, W15, and W22. 

The finding in the present study of an increased HL-A8 
in the total group of patients with solid malignant neo- 
plasms, increased HL-A8 in salivary gland adenocarci- 
noma patients, and increased HL-A5 in patients with sar- 
comas were noted in the more easily defined antigens on 
which there is closer agreement between most of the ma- 
jor laboratories. The HL-A8 antigen has been noted to be 
elevated in systemic lupus erythematosus,' gluten-sensi- 
tive enteropathy, chronic active hepatitis, ?* myasthenia 
gravis,’ and dermatitis herpetiformis.’ The possibility of 
a common immuaologic denominator between these dis- 
eases, some caneers, and a possible HL-A8-associated im- 
munoregulatory gene in man remains intriguing but 
-purely speculative. The presence of HL-A5 in patient with 
sagcoma appeared to have no influence on prognosis since 
the incidence of HL-A5 was similar between recently 
- diagnosed patients and apparently cured patients (Table 
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2). The observed increased frequencies detected in the 
present study may yet represent a statistical artifact in 
the study, since the incidence of HL-A8 was not increased 
in the large number of patients with lymphoma and solid 
malignant neoplasms reported by Takasugi et al.* We 
were unable to substantiate any of the trends noted by 
Takasugi et alë for breast, cervix, and lung carcinoma, and 
melanoma, the major malignant neoplasms our two stud- 
ies have in common. The more challenging problem of 
demonstrating associations of histocompatibility antigens 
with susceptibility to cancer and prognosis in solid malig- 
nant neoplasms, if they exist, will require the prospective 
study of sufficiently large patient populations to allow the 
integration of several variables with individual antigen 
patterns. | 
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= Nitrogen Balance in 
- Postoperative Patients 


. Fifteen patients were given parenteral nutrition with hyperosmolar 
= glucose during the postoperative period (days 1 to 5): nine received 
an average of 10.5 gm of nitrogen and 2,340 kilocalories/day, six 
were given an average of 5.9 gm of nitrogen and 1,600 kilocalories / 
-~ day. Eight patients (controls) received no nitrogen and 520 kilocalo- 
= ties/day. The results of this study confirm our early findings that to- 
= tal parenteral nutrition is capable of reversing the negative nitrogen 
balance of the immediate postoperative period; this reversal depends 
= on administration of adequate nitrogen and calories. In patients with 
= moderate surgical procedures, at least 8 gm of nitrogen and 1,800 
__kilocalories/day are required to correct the negative nitrogen bal- 
ance. When total parenteral nutrition is instituted, adequate nitrogen 
and calories should be given, even if insulin is required to control 


hyperglycemia. 


Or of the major applications of total parenteral 
nutrition (TPN) has been in the management of the 
high-risk patients in the postoperative period. Previous 
studies have shown clearly that adequate nutritional man- 
= agement can minimize the catabolic response following 
_ surgery, and that the use of TPN can achieve positive ni- 
trogen balance.'* 
= In transferring the techniques of TPN from the special- 
~. ized investigational inquiry to general clinical application, 
k a number of practical problems have been encountered. 
The net effect of these problems is that the patient often 
_ receives considerably less nutritional support than would 
be considered optimal. The question is often raised: to 
what extent may one reduce the level of nutritional sup- 
= port below that which is considered ideal and still retain 
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_ Receiving Parenteral Nutrition 


_ Charles W. Van Way III, MD; H. C. Meng, MD, PhD; Harold H. Sandstead, MD 


the benefits of this form of therapy? To answer this ques- 
tion, a group of patients undergoing major abdominal sur- 
gical procedures and receiving TPN were selected for 
study. Metabolic balance studies were carried out during 
the early postoperative period. The nitrogen balance was 
used as a measure of the efficacy of TPN in minimizing 
the catabolic response to surgery. 


SUBJECTS AND METHODS 


Twenty-three patients undergoing major abdominal surgical 
procedures were studied (Table 1). Eight received conventional in- 
travenous therapy consisting of only the usual postoperative 
maintenance and fluid and electrolyte replacement, but no food 
was given by mouth; this group served as controls. The other 15 
patients were given TPN; these patients were chosen for treat- 
ment with TPN by the attending surgeons in consultation with 
the parenteral nutrition team. The control group was selected by 
the investigators as having operative procedures comparable in 
magnitude to the patients receiving TPN. It should be emphasized 
that this was in no way a randomized selection process. The pur- 
pose was to study the effectiveness of TPN as applied in the gen- 
eral clinical setting, and the control group was selected to provide 
a standard for comparison. 

All of the patients receiving TPN and four of the control pa- 
tients were cared for at Vanderbilt University Hospital. The other 
four control patients were at the Nashville General Hospital. 

Balance studies were carried out from the first through the 
fifth postoperative days. Parenteral intake of nitrogen, calories, 
sodium, potassium, and water, and oral intake of fluid were mea- 
sured. Urinary output of nitrogen, sodium, and potassium were 
also determined. Fecal output was negligible in all patients during 
the study period, and was not included in the calculation of bal- 
ances. Statistical analyses were performed according to standard 
methods. The Student-Fisher ¢ test was used to estimate levels of 
significance. 

All patients received a standard infusate for parenteral nutgi-+ 
tion (Table 2). The amount given was determined in each case by 
the surgeons caring for the patient. Supplementation with con-. 
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Table 1.—Patients and Surgical Procedures 


No./Patient 
Age, yr/Sex 
1/47/F 
2/62/M 
” 3/52/F 
4/59/M 
5/47/F 
6/74/F 


Colon resection, colostomy 


Operation 


Resection of colostomy, anastomosis of colon 

Total gastrectomy, splenectomy, partial colectomy, construction of Hunt-Lawrence pouch 
Total gastrectomy, construction of Hunt-Lawrence pouch 

Vagotomy, conversion of gastroenterostomy to gastroduodenostomy, cholecystectomy 


Total gastrectomy, splenectomy, partial pancreatectomy, partial 


colectomy, construction of Hunt-Lawrence pouch 


Parenteral 
Nutrition 


7/73/F 

8/57/F 

9/57/F 
10/75/M 
11/21/M 
12/52/F 
13/56/M 
14/55/M 
15/73/F 
16/18/M 
17/63/M 
18/69/M 
19/63/M 
20/69/M 
21/63/F 
22/59/F 
23/62/F 


Massive small bowel resection 


Total colectomy 
Colon resection, anastomosis 


Cholecystectomy 


Colon resection, anastomosis 
Conventional 
Intravenous 
Therapy 


Left aortofemoral bypass graft 
Colon resection, anastomosis 


ventional intravenous fluids was given as necessary. 

All procedures and techniques used for parenteral nutrition 
were as those previously described.* Nutrient solution for paren- 
teral nutrition was prepared in the hospital pharmacy under rigid 
aseptic control. Precautions against sepsis during administration 
were followed routinely. Infusions were given into the superior 

- vena cava through an indwelling catheter (silicone elastomer or 
polyethylene) via an external jugular or the subclavian vein. Me- 
ticulous care of the catheter entry site was emphasized. 


RESULTS AND COMMENT 


All 15 patients receiving TPN were kept on therapy 
during the entire period without interruption. No deaths 
occurred during the study period, although one of the con- 
trol patients (patient 20) died later during the postopera- 
tive period. No septic episode related to the catheter or to 
the infusate was observed. Figure 1 shows the caloric in- 
take, nitrogen intake, nitrogen output, and nitrogen bal- 
ance. It can be seen that the average daily nitrogen bal- 
ance was +1.0 gm in patients receiving an average daily 
nitrogen intake of 10.5 gm and 2,340 kilocalories. The 
average daily nitrogen balance was —5.7 gm in patients 
receiving an average daily nitrogen intake of 5.9 gm and 
1,590 kilocalories. In the patients receiving conventional 
intravenous therapy with no nitrogen intake and with 
only an average daily caloric intake of 520, an average 

daty nitrogen balance was —6.9 gm. It is also interesting 
to note in Fig 1 that the average daily loss from patients 
receiving parenteral nutrition with low intake of nitrogen 
and calorie was 11.6 gm; this is higher than that of pa- 
tients receiving high nitrogen and caloric intake. Figure 2 
shows that only one of the patients of the low nitrogen 
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Drainage of left subphrenic abscess 
Resection of duodenal stump with tube duodenostomy 
Resection of enterocutaneous fistula, small bowel resection 


Closure of perforated ulcer, lysis of adhesions 


Resection of marginal ulcer, vagotomy, hiatal hernia repair 
Endarterectomy of origin of lower pole renal artery 


Vagotomy, pyloroplasty, repair of hiatal hernia, resection of esophageal diverticulum, gastrostomy 
Vagotomy, Pyloroplasty (died ten days postoperatively) : à 
Small bowel resection, oophorectomy 


Exploratory laparotomy, iliotransverse colostomy 








and caloric intake group had a nitrogen balance of less 
than —2 gm; the daily caloric intake of this patient (pa- 
tient 11) was 1,846. However, a negative nitrogen balance 
exceeding 2 gm/day was not observed in those receiving a 
nitrogen intake above 8 gm. Obviously, caloric intake is 
also an important factor that affects the nitrogen balance. 
It can be further noted in Fig 2 that a daily caloric intake 
of less than 1,800 kilocalories resulted in a more marked 
negative nitrogen balance; in general, nitrogen balance 
was positive or nearly maintained when an intake higher 
than 1,800 kilocalories and a nitrogen intake above 8 
gm/day were given unless the surgical procedure was 
rather extensive. It should be pointed out also that one pa- 
tient (patient 9) who received only 8.3 gm of nitrogen and 
1,800 kilocalories/day had a positive nitrogen balance of 
3.0 gm. This is probably due to the fact that this patient 
had a relatively moderate surgical procedure, drainage of k 
left subphrenic abscess. It seems that the intake of 8 gm 
of nitrogen and 1,800 kilocalories is critical in minimizing 
the negative nitrogen balance. E 

Comparisons of nitrogen intake, nitrogen output, nitro- 
gen balance, and caloric intake between patients receiv- 
ing conventional intravenous therapy and those given 
parenteral nutrition are presented in Table 3. The average 
daily nitrogen balance for the high nitrogen and caloric 
intake groups was positive, and significantly different 
(0.5% level) from both the low nitrogen and caloric intake 
group and the control group. The nitrogen balance in the 
low nitrogen and caloric intake group was not substan- 
tially different from the control group. The urinary nitro- 
gen loss in both high and low nitrogen and caloric intake 
groups receiving TPN was significantly higher (0.1% 
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Fig 1.—Caloric intake, nitrogen intake, nitrogen output, and nitro- 


F AIN 
£ 
o> D 
(Xx 
or. 
r-e 


= gen balance of three groups of patients based on levels of caloric 
= and nitrogen intake: C (cross hatching), control patients receiving 


conventional intravenous therapy; L (diagonal lines), patients re- 
ceiving parenteral nutrition with low caloric and nitrogen intake; H 


= (dots), patients receiving parenteral nutrition with high caloric and 


nitrogen intake. Numbers in columns are daily averages; vertical 
lines indicate standard errors of mean. 


A 
@ 522 Kilocalories 


Average Daily Nitrogen Balance, gm 


6 
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Table 2.—Composition of Solution for Parenteral 
; Nutrition* 















Nutrient Amount per Liter 

Calories (as glucose) 900 
Glucose 250 gm 
Nitrogent 4.17 gm 
Electrolytes 

Sodium 23.6 mEq 

Potassium 40 mEq 

Magnesium 10 mEq 

Chloride 27.5 mEq 

Acetate 55.5 mEq 

Calcium 5.5 mEq 

Phosphorus 113 mg (elemental phosphorus) 





Zinc sulfate 5 mg 


Vitaminst 













Ascorbic acid (C) 155 mg 
Thiamine (B,) 5.5 mg 
Riboflavin (B,) 1.1 mg 
Pyridoxine (B,) 1.65 mg 
Niacinamide 11 mg 
Dexpanthenol 2.7 mg 
Folic acid 100 ug 
Vitamin A 1,100 units 
Vitamin D 110 units 





Vitamin E 0.55 international units 





* Standard solution used for total parenteral nutrition at Vanderbilt 
University Hospital. 

t As synthetic crystalline amino acid solutions: (1) 8% (Vein 
Amine) and (2) 8.5% (FreAmine). 

t Given as 1.1 ml multiple vitamin injection, with supplemental 
ascorbic acid, folic acid, and vitamin B,p. 


Fig 2.—Relationship between nitrogen intake and nitrogen balance in patients receiving varying caloric intake. 
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Table 3.—Comparison of Nitrogen Balance and Caloric Intake* 















Caloric 


Nitrogen Nitrogen Nitrogen Intake, T 
Nutrition Ni Intake, Output, Balance, Kilocalo- M 
Therapy Intake gm/Day gm/Day gm/Day ries/Day Ss 
High 10.50 + 0.51 9.48+0.71 +1.02 = 0.70 2,345 +110 7 
Parenteral (9 patients) i- 
-Nutrition Low 5.89 + 0.28 11.55 + 1.31 —5.66 + 1.68 1,586 + 95 T 
(6 patients) 
Conventional Control 0 6.88 = 0.71 —6.88 + 0.71 522+33 it 


Intravenous (8 patients) (5 patients) | 





Es output, high vs low: 10% level; nitrogen output, high or low vs control: 1% level; nitrogen balance, high vs low: 0.5% level; nitrogen balance, 4 
high vs control: 0.1% level; nitrogen balance, low vs control: NS. “a 
Gris 


Table 4.—Average Daily Sodium and Potassium Balance 


ee Sodium, mEq Potassium, mEq 
iv. Parenteral Patient 
Nutrition No. Intake Output Balance Intake Output 
| 1 113 120 >77 126 80 
High 
Nitrogen 
| Low by : = ie 
Nitrogen 13 61 108 47 54 54 0 at 
14* Ta re ok A ae o S 
15 81 69 +12 43 82 39 i 
Mean 86 88 —2 56 73 “lV ae 
* Urine not available for sodium and potassium measurement. MW j 
>N 
j 


level) than that of the controls. The patients receiving 
parenteral nutrition with low nitrogen and caloric intake 
_ had a somewhat greater nitrogen loss than those with a 
high intake, however, this is not statistically significant 
(10% level). The high nitrogen loss is probably, at least in 
~ part, due to the low caloric intake; and the amino acids 


Although the administration of an average of 105 gm | 
of nitrogen and 2,340 kilocalories daily resulted in an aver- 
age daily positive nitrogen balance in the early postopera- A He 
tive period in patients studied, some patients in this group 
had a slight negative nitrogen balance. The magnitude of 
negative nitrogen balance in patients given about 6.0 gm Wig 


trogen intake to promote potassium utilization. 
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given were metabolized to méet the energy need. 
Sodium and potassium balances in patients receiving 

parenteral nutrition with a high and low intake of nitro- 

gen are presented in Table 4. The average daily sodium 


_ balance was nearly 0 for both groups. The results suggest 
that the need for sodium may be about 100 mEq/day in 


patients receiving parenteral nutrition, provided that the 


_ patient has a normal renal function and has no excessive 


loss. The potassium balance was positive in the patients 


_ with high intakeof nitrogen and calories and negative in 
- those with low intake of nitrogen and calories, although 


of nitrogen and 1,600 kilocalories/day was not substan- 


tially different from that in those receiving conventional 
intravenous therapy. The reason for this is unknown. One 
might suggest that the administered amino acids in pa- 


tients receiving low nitrogen and low caloric intake were- 


metabolized for energy. This would account for the failure 


loss. Elman showed that amino acids given in the absence 


of glucose had little effect in promoting positive nitrogen = 


at 


balance, and that it was necessary to infuse the two simul- 
taneously.’ Similar results were reported by MeNair 


ie 
of TPN to reduce the magnitude of postoperative nitrogen x: 
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potassium losses were about the same. Undoubtedly, the et al.” E 
negative potassium balance was due, in part, to the loss of The study of Rush et al“ showed that positive nitrogen 


intracellular potassium and/or inadequate caloric and ni- 





balance during the postoperative period could be achieved 
with a high level of amino acid and glucose intake. In 19 
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patients, a level of: nitrogen intake of 0.21 to 0.34 


gm/kg/day was used. This was somewhat higher than the 
high nitrogen intake group in the present study. Caloric 
intake of the two studies was comparable. 

- Lawson’ studied nitrogen balance in four patients with 
daily intakes of 2,600 to 3,200 kilocalories and 6 to 12 gm of 
nitrogen. In these patients, the nitrogen balance was ren- 
dered less negative, but positive balance was not achieved. 
These patients were not strictly comparable to the present 
study because they were not immediately postoperative 
and they were subjected to more severe stress. 

The evidence presented in the present study suggests 
that in patients with postoperative stress of moderate se- 
verity, at least 8 gm of nitrogen and 1,800 kilocalories/day 


= are required to have a substantial favorable effect on the 


nitrogen balance. However, it appears likely that a daily 
intake of 12 to 13 gm of nitrogen and 2,500 kilocalories 


should be given to achieve positive nitrogen balance in 


most of the postoperative patients. It may be pointed out 


_ that nitrogen and calorie requirements depend on the con- 
_ ditions of patients. Increase in the severity of stress and 


the presence of sepsis would increase the need for addi- 
tional nitrogen and calories. The present work does not 


_ provide any information as to which of the two factors— 


nitrogen or calories—is more important in promoting posi- 
tive nitrogen balance. Further study is necessary. 

It is important to note that one third of the patients in 
the study were given less than 8 gm of nitrogen and 1,800 
kilocalories by the surgeons caring for them. This level of 
intake corresponds to less than 2 bottles or 2 liters of the 
parenteral nutrition solution, which furnishes 8.33 gm of 
nitrogen and 1,800 kilocalories. In starting a patient on 
TPN therapy, few complications occur at low levels of ad- 
ministration. Above 2 bottles or 2 liters of the solution per 


= day, which furnishes 500 gm of glucose, hyperglycemia 


and glycosuria often occur, especially in patients with se- 
vere stress, and insulin administration may be necessary. 
The volume of fluid required may be excessive, especially 
considering that many postoperative patients require 1 to 
2 liters per day of fluids other than that for parenteral nu- 
trition. These factors contribute to a general reluctance on 
the part of the surgeon caring for the patient to use TPN 
aggressively. Because of this, many patients are never 
given more than 2 liters per day. 


This investigation was supported in part by Public Health Services 
grants GM-01742 and 5-R01-GM-16432 and by General Clinical Research 
Centers Program of the Division of Research Resources grant RR-95. 
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Editorial Comment 


The message in this study is for anyone who might have 
thought that a little parenteral nutrition, like “a little wine for thy 
stomach’s sake,” is a good thing. Parenteral nutrition, in order to 
be effective, must provide completely for the patient’s increased 
metabolic need for calories after an operation and must provide 
sufficient nitrogen to allow positive balance. Providing some nitro- 
gen with inadequate calories has again been found to increase ni- 
trogen in the urine but not to reduce the negative nitrogen bal- 
ance. It would have been interesting to have included another 
group of patients in this study who would receive only amino acids 
and no glucose. This would have determined if nitrogen balance 


approaches 0 due to increased utilization of body fats and de- — 


creased protein breakdown, as suggested by Blackburn et al (Am 
J Surg 125:447, 1973). As to the relative importance of calories and 
nitrogen, positive nitrogen balance is impossible without nitrogen 
being given, and anabolism is impossible without adequate calo- 
ries. 
ARTHUR E. BAUE, MD 
St. Louis 
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Provides a unique natural laxative —standardized senna concentrate... virtually colon-specific 
... effectiveness documented in numerous published studies comprising thousands of patients. 


Provides a classic stool softener—DSS...complementing the laxative action by softening the 
stool for smoother and easier passage. 


Comfortable, predictable evacuation...a bedtime dose of SENOKOT S Tablets usually induces 
comfortable, evacuation the next morning, allowing uninterrupted sleep. SENOKOT S Tablets aid 
in rehabilitation of the constipated patient by facilitating regular elimination. 


Indications: SENOKOT S Tablets offer welcome relief in functional constipation when combined 
‘feuroperistaltic stimulation plus stool softening is indicated, especially for: the aged; postpartum 
. and postoperative patients; drug-induced constipation; cardiovascular patients and those with 

hemorrhoids. Dosage (preferably at bedtime): Adults: Initial Dosage: 2 tablets (max. dose—4 tablets 

b.i.d.). Children (above 60 Ib.): 1 tablet (max. dose—2 tablets b.i.d.). To meet individual require- 

ments, dosage may be decreased or increased by 1 tablet (up to maximum) until the most effective 

is ê i s ied: n i 
dose is éstablished. Supplied: Bottles of 30 and 60 tablets PURDUE. FREDERICK 


* 
©COPYRIGHT 1974, THE PURDUE FREDERICK COMPANY/NORWALK, CONN. 06856 A7742 148474 
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= VibramyenlV. _. 


( a semi-synthetic tetracyctine YC 





ycline hyciate 


forin injection) $ 
The once-a-day intravenous antibiotic 


The usual adult dosage of Vibramycin I.V. is 200 mg. on the first day 
of treatment administered in one or two infusions. Subsequent 
daily dosage is 100 to 200 mg. depending upon the severity of inféction, 

with 200 mg. administered in one or two infusions. __ 
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PFIZER INC. r ° 
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1. F 
Effective in a wide range of 
i _ surgicalsituations 
ge bowel infections, peritonitis, — 
pyelonephritis, cholecystitis, 
prostatitis, cellulitis, abscesses, 


and wounds 


WHEN CAUSED BY SUSCEPTIBLE* STRAINS OF THESE ORGANISMS 
Klebsiella pneumoniae,‘ Enterobacter aerogenes, Escherichia coli, Bacteroides 


*Many strains of bacteria have been shown to be resistant to tetracyclines. These include strains of 
streptococci, pneumococci, and many gram-negative organisms. Therefore, culture and sensitivity testing 
are advisable to determine the susceptibility of the infecting organism to doxycycline. 
tRespiratory and urinary infections. 












2. 

_Studies to date have indicated that 
Vibramycin at the usual recommended 
doses does not lead to excessive 
accumulation of the antibiotic in patients 

with renal impairment 














3. 
The therapeutic antibacterial serum 
activity will usually persist for 24 hours 
following recommended dosage 









See Brief Summary on following 
page for information on side effects, 
dosage and contraindications. 
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Vials containing doxycycline hyclate equivalent 
to 100 mg. doxycycline with 480 mg. ascorbic acid, and 
200 mg. doxycycline with 960 mg. ascorbic acid 





A semi-synthetic tetracycline hycl ate 





The once-a-day intravenous antibiotic 


The usual adult dosage of Vibramycin I.V. is 200 mg. on the first day 
of treatment administered in one or two infusions. Subsequent 
daily dosage is 100 to 200 mg. depending upon the severity of infection, 
with 200 mg. administered in one or two infusions. 


Vibramycin® Hyclate (doxycycline hyclate) and 
Vibramycin® Hyclate I.V. (doxycycline hyclate for injection) 
BRIEF SUMMARY 
Contraindicated: 
clines. 

Warnings: Use of tetracyclines during the last half of pregnancy, in- 
fancy and childhood to the age of 8 years may cause permanent 
discoloration of developing teeth. This is more common during 
long-term use of the tetracyclines but has been observed following 
repeated short-term courses. Enamel hypoplasia has also been re- 
ported. Thus, tetracyclines should not be used in this age group un- 
less other drugs are not likely to be effective or are contraindicated. 
Individuals receiving tetracycline antibiotics should be advised that 
direct sunlight or ultraviolet light can cause photosensitivity reac- 
tions. If these reactions (exaggerated sunburn) occur, discontinue 
therapy. Doxycycline forms a stable calcium complex in any bone- 
forming tissue. Fibula growth has been decreased in prematures 
given oral tetracyclines 25 mg./kg. q. 6 h., but this reaction was re- 
versible when the drug was discontinued. 

The antianabolic action of the tetracyclines may cause an in- 
crease in BUN. Studies to date indicate that this does not occur 
to a significant degree with the use of Vibramycin in patients with 
impaired renal function. 

Vibramycin Intravenous has not been studied in pregnant pa- 
tients. It should not be used in pregnant women unless, in the judg- 
ment of the physician, it is essential for the welfare of the patient. 

Animal studies indicate that tetracyclines cross the placenta, are 
found in fetal tissues and can have toxic effects on the developing 
fetus. Evidence of embryotoxicity has also been noted in animals 
treated early in pregnancy. 

The use of Vibramycin Intravenous in children under 8 years is 
not recommended because safe conditions for its use have not 
been established. 

Tetracyclines are present in the milk of lactating women who are 
taking a drug in this class. 

Precautions: Overgrowth of nonsusceptible organisms may occur, 
including fungi. If such superinfections are encountered, discon- 
tinue Vibramycin and institute appropriate therapy. 

In venereal disease when coexistent syphilis is suspected, a dark- 
field examination should be done before initiating therapy. Conduct 
menthly serological tests for at least 4 months. 

Because tetracyclines depress plasma prothrombin activity, pa- 
tients on anticoagulant therapy may require downward adjustment 
of their anticoagulant dosage. 

In long-term therapy, conduct periodic laboratory evaluation of 
organ systems, including hematopoietic, renal and hepatic. 

Treat all Group A beta-hemolytic streptococcal infections for at 
least 10 days. 

Avoid giving doxycycline with penicillin because of possible inter- 
ference with penicillin activity. 

Antacids containing aluminum, calcium, or magnesium impair 
absorption and should not be given concomitantly to patients taking 
oral Vibramycin. 

Adverse Redctions: Anorexia, nausea, vomiting, diarrhea, glossitis, 


In persons hypersensitive to any of the tetracy- 


dysphagia, enterocolitis, inflammatory lesions (with monilial over- 
growth) in the anogenital region, maculopapular and erythematous 

rashes, exfoliative dermatitis, photosensitivity, urticaria, angio- 
neurotic edema, anaphylaxis, anaphylactoid purpura, pericarditis, 
exacerbation of systemic lupus erythematosus, hemolytic anemla, 
thrombocytopenia, neutropenia and. eosinophilia have been re- 
ported. Prolonged administration of tetracyclines may produce 

brown-black microscopic discoloration of thyroid glands. No ab- 
normalities of thyroid function studies are known to occur. Bulging 

fontanels have been reported in young infants on therapeutic dos- 
age but disappeared when the drug was discontinued. A dose- 
related rise in BUN has been reported. 

Oral Adult and Children’s Dosages: See the Vibramycin Oral pack- 
age insert for recommended dosage schedules for adults and 

children. 

Intravenous Dosage and Administration: Note: Rapid administration 

is to be avoided. Parenteral therapy is indicated only when oral 

therapy is not indicated. Oral therapy should be instituted as soon 

as possible. If intravenous therapy is given over prolonged periods 

of time, thrombophlebitis may result. 

The usual dosage and frequency of administration of Vibramycin 
I.V. (100-200 mg./day) differs from that of the other tetracyclines 
(1-2 Gm./day). Exceeding the recommended dosage may result in 
an increased incidence of side effects. 

Studies to date have indicated that Vibramycin, at the usual rec- 

ommended doses, does not lead to excessive accumulation of the 
antibiotic in patients with renal impairment. 
Intravenous Adult Dosage: The usual dosage of Vibramycin I.V. is 
200 mg. on the first day of treatment administered in one or two in- 
fusions. Subsequent daily dosage is 100 to 200 mg. depending on 
the severity of infection, with 200 mg. administered in one or two 
infusions. 

In the treatment of primary and secondary syphilis, the recom- 
mended dosage is 300 mg. daily for at least 10 days. 

Intravenous Children’s Dosage: The recommended dosage schedule 
for children weighing 100 pounds or less is 2 mg./Ib. of body weight 
on the first day of treatment, administered in one or two infusions. 
Subsequent daily dosage is 1 to 2 mg./Ib. of body weight given as 
one or two infusions, depending on the severity of the infection. For 
children over 100 pounds the usual adult dose should be used. (See 
“Warning” Section for Usage in Children.) 

General: The duration of infusion may vary with the dose (100 to 
200 mg. per day), but is usually one to four hours. A recommended 
minimum infusion time for 100 mg. of a 0.5 mg./ml. solution is one 
hour. Desired concentrations of the final solution should be 0.2 
mg./ml. to 0.5 mg./ml. Concentrations below 0.1 mg./ml. or above 
1.0 mg./ml. are not recommended. Therapy should be continued for 
at least 24-48 hours after symptoms and fever have subsided. The 
therapeutic antibacterial serum activity will usually persist for 24 
hours following recommended dosage. 

Intravenous solutions should not be injected intramuscularly nor 
subcutaneously. Caution should be taken to a¥oid the inadvertent 
introduction of the intravenous solution into the adjacent soft tissue. 

More detailed professional information available on request. 


For follow-up therapy Vibramycin hyciate Capsules — 


(doxycycline hyclate) , 


A semi-synthetic tetracycline 


Capsules equivalent to 
50 mg. and 100 mg. doxycycline 
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Clinical Manifestations of Splenic Abscess 


Khalil I. Abu-Dallo, MD; Yona Manny, MD; Shmuel Penchas, MD; Zvi Eyal, MD 


Two patients with splenic abscess were successfully treated. In 
one patient, Streptococcus viridans, possibly arising in a dental ab- 
scess, led to inflammatory left upper quadrant signs. An exploratory 
laparotomy was performed, and the spleen, being found enlarged, 
was removed. The other patient showed no peritoneal signs. Lap- 
arotomy was done for pyrexia of unknown origin, and the removal of 
a normal-sized spleen was elected on the suspicion of lymphosar- 
coma. The spleen was abscessed, apparently because of old infarcts. 
A high index of suspicion is important in diagnosis, and selective an- 
giography, not used in these two patients, is recommended. 


(ghee of the literature on splenic abscess 
shows that this entity has always been a diagnostic 
challenge to the clinician. In the past, most cases were 
diagnosed at autopsy. In three large series, Reid and 
Lang" found an incidence of 0.4% of splenic abscess (67 of 
16,524 cases). In only one of these patients had the correct 
diagnosis been made prior to death. 

This article deals with two such patients whom we have 
treated recently. The correct diagnosis in both of them 
was made during surgery, and the definitive treatment 
was performed. The preoperative clinical picture was 
characterized in one by an acute condition of the abdomen 
and in the other by pyrexia of unknown origin. 


REPORT OF CASES 


Case 1.—A 68-year-old man was referred because of recurrent 
bouts of high fever and chills for two months. He was admitted 
for investigation. 

On admission, the patient appeared to be in good general and 
nutritional condition. His blood pressure was 130/90 mm Hg; 
pulse, 88 beats per minute and regular. Results of a physical ex- 
amination were completely normal except for high fever. Results 
of urinalysis, blood ‘and differential cell count, blood urea nitrogen 
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(BUN), electrolytes, and liver function tests were all within nor- 
mal limits. Sputum, urine, and blood cultures were repeatedly neg- 
ative. Temperature at admission was 39.5 C (103.1 F). A chest 
roentgenogram and the results of a barium enema were normal. 

During hospitalization, the patient started to complain of vague 
abdominal pain, and on the third day signs of peritoneal irritation 
gradually developed in the left upper quadrant. At laparotomy, 
about 100 mi of cloudy, greenish, free fluid were found in the 
Douglas area. The omentum and the splenic flexure of the colon 
were edematous and adhered to the spleen. The spleen was 
markedly enlarged and contained a huge perforated abscess. Sple- 
nectomy was performed. Streptococcus viridans was cultured 
from the abscess cavity. On reevaluation of the patient’s general 
condition, a dental abscess was found that could have been the pri- 
mary focus of infection. The patient was treated with high intra- 
venous doses of crystalline penicillin G and underwent an unevent- 
ful recovery. Pathological examination of the spleen showed mul- 
tiple infarcts, one of them with abscess formation and perforation 
(Fig 1). . 


Comment.—This patient underwent an explorative lap- 
arotomy because of signs of an acute condition of the ab- 
domen following a relatively long period of high fever and 
chills. No localizing signs could be found on physical exam- 
ination and laboratory data were within normal limits. 
Only the signs of peritonitis, which developed on the third 
day of admission, led us to perform an urgent exploratory 
laparotomy. 


Case 2.—A 44-year-old man was hospitalized because of recur- 
rent attacks of high fever and chills, accompanied by low back 
pain for three weeks. He had been treated for a urinary tract in- 
fection, although this diagnosis was never confirmed. Past history 
revealed myocardial infarction two years prior to hospitalization. 
He had been treated irregularly by orally administered anti- 
coagulants. 

On admission, the patient was found to be in good general con- 
dition. His blood pressure was 130/70 mm Hg; pulse, 120 beats per 
minute and regular. There was a mild systolic murmur on the 
apex. The results of the rest of the physical examination were nor- 
mal. 

Urinalysis showed proteinuria (4+) with a normal sediment. 
The white blood cell count was 18,000/cu mm, with a normal dif- 
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ferential count. An excessive erythrocyte sedimentation rate of 
110/130 mm was found. All other laboratory results, including 
liver function, BUN, electrolytes, and bone marrow, were within 


‘normal limits. The electrocardiogram was normal, and repeated 


blood, urine, and sputum cultures were sterile. A roentgenogram 
of the chest showed mild left pleural effusion. On fluoroscopy, 
movement of both diaphragms was free. An intravenous pyelo- 
gram showed a stone in the right kidney. Results of a study of the 
upper part of the gastrointestinal tract and barium enemas were 
normal. 

During the first week in the hospital, the patient complained of 
diffuse abdominal pains not accompanied by nausea, vomiting, or 
diarrhea. An elective exploratory laparotomy for pyrexia of un- 
known origin was performed on the 12th day after admission. On 
careful exploration, no pathological findings could be detected, ex- 
cept for mild edema of the lesser omentum. A splenectomy was 
performed on the assumption that the patient might have had 
lymphosarcoma. While carrying out this procedure, fluctuation 
was felt in the posterior aspect of the spleen. During division of 
the splenorenal ligament, a large abscess cavity in the spleen was 
entered. | 

It should be noted that the pus found was sterile. The histologi- 
eal examination revealed severe pathological changes of the 
spleen, fresh infarcts with pus in their centers, and an old abscess 
with pyogenic and fibrotic capsules (Fig 2). The postoperative 
course was uneventful. 


Comment.—This patient underwent an exploratory lap- 
arotomy because of abdominal pain and pyrexia of un- 
known origin. Left pleural effusion was the only possible 
localizing sign preoperatively. There was nothing in the 
appearance of the anterior aspect of the spleen to suggest 
a splenic abscess. Only the very rare possibility of lympho- 
sarcoma of the spleen led us to remove it. 


COMMENT 


The entity of splenic abscess has been dealt with for 
many years. Hippocrates was the first to describe this dis- 
ease. According to Wolfson,’ classificatiow of splenic ab- 
scess is based on three different etiologic factors: (1) trau- 
matic, (15%); (2) pathologic processes, such as neoplasm of 
the colon or stomach (10%); and (8) metastastic infection 
via the blood from a distant focus (75%). 

Our two patients probably belong to the third group. In 
the first patient, the dental abscess may be considered as 
having been the source of recurrent transient bacteremia 
with septic metastases. The histological findings of mul- 
tiple splenic infarctions in both patients is likely the out- 
come of embolic phenomena. 

In the second patient, the right nephrolithiasis could 
have been the source of concealed infection complicated by 
transient bacteremia. 

According to Friedberg, bacterial endocarditis is the 
main reason for splenic infarcts leading to splenic ab- 
scess.’ Bacteremia, per se, is not enough to cause a splenic 
abscess. Splenic infarcts are the predisposing factors. 

The clinical picture of this disease is complicated be- 
cause the vast majority of patients receive antibiotic ther- 
apy prior to admission. This adds much to the delay in 
diagnosis characterizing many of the published case re- 
ports.* 

Davidson et alè reported a case in which the disease was 
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manifested as a left subphrenic abscess. Among the three 
patients described by Pickleman et al,® two were operated 
on with the signs of diffuse generalized peritonitis. In the 
first patient, the correct preoperative diagnosis was made 
by puncturing the left subphrenic space. In the second, the 
diagnosis was not made intraoperatively in a child who 
underwent an appendectomy. Postoperatively, his clinical 
condition markedly deteriorated, a left pleural effusion of 
pussy material necessitated continuous intercostal drain- 
age, and only later was the diseased spleen removed. In 
their third patient, the condition also was not diagnosed 
during exploratory laparotomy. Only postoperatively did a 
sean of the spleen by technetium Tc 99m reveal a large 
filling defect. 

In our second patient, the diagnosis could be easily 
missed during explorations. A high index of suspicion is 
mandatory for leading to further investigation. Selective 
angiography is recommended as a useful method for early 
diagnosis and treatment. 

Before the antibiotic era, splenotomy and drainage of 


50 Years Ago 


in the Archives of Surgery 





an abscess were used in some cases.’ Today, the treatment 
of choice for splenic abscess, is of course, splenectomy. 


Nonproprietary Name and Trademarks of Drug 


Technetium Tc 99m—Neimotec, Pertgen-99m, Renotec, Technekow 
generator, Technetope, Ultra-technekow-generator. 
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Splanchnic Anesthesia: An Analysis of Forty-Two Cases* 


“1. Abdominal viscera are insensitive to pain so far as the cutting, crushing, or cauterizing of an 
operation is an inadequate stimulus for the production of such pain. The breaking of conductivity in 
the splanchnic nerves for the relief of visceral pain in abdominal operations is, therefore, not in ac- 
cordance with sound principles of anatomy and physiology. 

2. The pain experienced by the patient in an abdominal operation under local anesthesia is 
caused by the stimulation of spinal and not sympathetic nerve filaments, since it arises as the re- 
sult of either traction on mesenteries or direct irritation of parietal peritoneum. Paravertebral 
block of the fifth dorsal to third lumbar nerves for intra-abdominal anesthesia is anatomically and 


physiologically correct, but entirely impractical. 


3. Clinical experience with splanchnic anesthesia proves it to be inefficient, since, by its use, a 
complete surgical anesthesia of the abdominal cavity is not produced. It is the least important of all 
the factors concerned in the success of an abdominal operation under local anesthesia. 

4. Besides the production of an inadequate intra-abdominal anesthesia, splanchnic nerve block is 
not free from danger, a fact acknowledged by most users of the method. Four deaths in a collected 
series of 1,375 operations is a higher mortality than that recorded for spinal anesthesia.” 


*Meeker WR: Arch Surg 10:699-719, 1925. 
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Emergency and Urgent Operations 


for Ulcerative Colitis 


The Procedure of Choice 


Sheldon C. Binder, MD; Harry H. Miller, MD; Ralph A. Deterling, Jr., MD 


Eighty consecutive emergency and urgent colectomies for ulcera- 


= tive colitis were performed. One-stage total proctocolectomy was 


performed in 37 patients, with a 9.1% mortality; ileostomy with sub- 


= total colectomy was performed in 43, with a 7.0% mortality. The 
= overall mortality was 7.5%. Postoperative morbidity after total proc- 
= _tocolectomy (mean postoperative hospitalization, 27.6 days; non- 
= Septic complication rate, 29.4%; septic complication rate, 29.4%) 
= was not substantially different from that after subtotal colectomy 
(postoperative hospitalization, 33.3 days; nonseptic complications, 
_ 45.0%; septic complications, 35.0%). Survivors of subtotal colec- 
= tomy required abdominal-perineal resection of the colorectal rem- 
_ nant in 75.7% of patients, and no patient had successful subsequent 
~ ileorectal anastomosis. It is suggested that one-stage total procto- 


colectomy be adopted as the surgical procedure of choice in emer- 
gency or urgent operations for ulcerative colitis. 


ne-stage total proctocolectomy is generally considered 
| the operation of choice for patients requiring elective 
colectomy for ulcerative colitis. In patients requiring 
emergency or urgent operations, however, the surgical 
preference is not so well established. In such patients, who 
are severely depleted metabolically and frequently crit- 
ically ill, some surgeons have advocated ileostomy and 
subtotal colectomy, leaving the rectum in place, to relieve 
most expeditiously the toxicity of the disease. This ap- 
proach reduces the operative time, blood loss, and surgical 


= trauma that resection of the rectum adds to colectomy and 
~ should, therefore, be expected to reduce the mortality and 


morbidity of operation. It supposedly has the further ad- 
vantage of affording the disease in the rectum a chance to 
become quiescent so that later restoration of intestinal 
continuity by ileorectal anastomosis may be possible. Most 
investigators, however, have found that the defunctioned 
rectum undergoes the same exacerbations and remissions 
of the disease process as did the functioning colon and 
that the rectal changes seldom regress to the point that 
subsequent ileoproctostomy becomes a practical consid- 
eration. Furthermore, septic complications, hemorrhage, 
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perforation, and cancer may occur in the colorectal rem- 
nant unless it is removed at a later operation. The major- 
ity of patients who undergo subtotal colectomy, therefore, 
have to face all the physical and psychic trauma of an- 
other major operation, frequently when they are just be- 
ginning to experience the benefits of the first operation. It 
is the purpose of this report to demonstrate that, for the 
surgeon experienced in the operation of rectal excision, 
one-stage total proctocolectomy can be performed as an 
emergency or urgent operation with no greater risk of 
mortality or morbidity than with the less aggressive oper- 
ation of subtotal colectomy and with the decided advan- 
tage of extirpating the entire diseased colon at a single 
operation. 


PATIENTS AND METHODS 


A retrospective review of 111 consecutive patients undergoing 
primary colectomy for ulcerative colitis at the Tufts New England 
Medical Center between 1953 and 1974 was made. All patients 
diagnosed clinically as having ulcerative colitis were included. Pa- 
tients with granulomatous ileocolitis were excluded, as were those 
with colonic inflammatory bowel disease not involving the rectum. 
Patients later diagnosed pathologically as having granulomatous 
colitis involving both the colon and rectum have been included, 
since for the surgeon caring for these patients the clinical deci- 
sions concerning therapy had to be made before the results of 
pathologic classification of the disease were available. Further- 
more, the results of operation did not prove to be related to such 
pathologic classification. Patients treated prior to 1953 were ex- 
cluded, since.it was only thereafter that primary colectomy, 
rather than ileostomy and later staged colectomy, was consist- 
ently advocated for the emergency or urgent surgical treatment 
of ulcerative colitis. 

Thirty-five operations were considered emergencies, in which 
colectomy was performed as soon as possible after a life-threat- 
ening complication was diagnosed (colonic perforation, hemor- 
rhage, and toxic megacolon). Thirty-two operations were con- 
sidered urgent, in which colectomy was performed for rapidly 
progressive deterioration of the patient despite optimal medieal 
therapy, or for suspected perforation not confirmed at operation. 
Less urgent operations were 13 colectomies performed dur- 
ing hospitalization for attacks of colitis in which carcinoma was 
diagnosed preoperatively or in which severe perianal disease pte- 
cluded attempts at further nonoperative therapy. Thirty-one pa- 
tients with chronic colitis unresponsive to prolonged medical ther- ` 
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apy and admitted to hospital specifically for elective colectomy 
 werę eliminated from this study. 


RESULTS 


The distribution of patients according to operation per- 
formed is illustrated in Table 1. Data concerning impor- 
tant factors in the preoperative evaluation of this series 
of patients are presented in Table 2. 

Severity of attack was defined by the criteria of True- 


love and Witts,' as follows: 


1. Severe diarrhea (six or more motions a day) 
2. Macroscopic blood in the stools 
8. Fever (mean evening temperature greater than 37.5 


ts C (99.5 F) or a temperature of 37.8 C (100.0 F) or more on 








at least two days out of four) 
4. Tachycardia (mean pulse rate of more than 90 beats 
per minute) 





Indication for Operation 
Colonic perforation 
Toxic megacolon 
Hemorrhage 
Urgent: failure of medical therapy 
Less urgent: failure of medical therapy 
Total emergency & urgent operations 








Table 1.—Indication for Operation and Operation Performed 


[ce ae aa 
Total Proctocolectomy 





5. Anemia (allowances being made for recent transfu- 
sion) 

6. Erythrocyte sedimentation rate much raised (30 mm 

or greater in one hour). 
Only patients who satisfied all these criteria were consid- 
ered to have a severe attack of colitis. Twenty-two (37.3%) 
of 59 severe attacks occurred during the initial attack 
of colitis; 37 severe attacks occurred during relapses of 
chronic colitis. More patients with severe attacks and 
more having their initial attack of colitis underwent total 
proctocolectomy than subtotal colectomy, but these differ- 
ences were not great. 

Patients undergoing total proctocolectomy were signifi- 
cantly older (P < .05 by Student t test) than those who had 
subtotal colectomy, and more were over 60 years of age. 
The age range in the entire series was from 9 to 80; there 
were 41 males and 39 females. 


Operation Performed 


Subtotal Colectomy Total 
10 14 
16 
1 5 
18 32 


Table 2.—Summary of Preoperative Data According to Indication for Operation and Operation Performed* 


No. of 

Indication for Operation Patients 

Colonic perforation 4 45.8 
1 

42.2 
2 

46.5 
1 


39.1 


Toxic megacolon 9 
Hemorrhage 4 


Urgent: failure of 14 


Mean Age, yr 
No. >60 yr 


Total Proctocolectomy 


Total Colonic 
Involvement 


Initial Attack: 
Relapse 


Severe 
Attack 


3 “is 1:3 
9 5 5:4 
3 4 1:3 


14 10 


medical therapy 


Less urgent: failure of 
medical therapy 


Total of all emergency 
& urgent colectomies 


Colonic perforation 
Toxic megacolon 
Hemorrhage 


Urgent: failure of ° 
e medical therapy 
Less urgent: failure of 
medical therapy 
Total of all emergency 
è & urgent colectomies 


3 
35.2 
1 
40.8 
8 


0 


29 
(78.4%) 


Subtotal Colectomy 


34.7 
O 
34.1 
1 
42.0 
0 
31.8 
1 
25.5 
0 


32.2 
2 


5 
7 
0 
18 


0 


30 
(69.8%) 


4 


36 
(83.7%) 


0:6 


11(29.7%):26 


2:8 
3:4 


0:1 


0:7 


9(20.9%):34 





* Four patients had toxic megacolon prior to perforation: one underwent total proctocolectomy; three underwent subtotal colectomy. Ten pa- 


tients had colonic perforation without antecedent toxic megacolon. 
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Mean No. With No. With No. of Septic Complications 
Postoperative Nonseptic Septic 
Indication for No. of Hospitalization, Compli- Compili- Wound Pelvic intra-abdominal 
Operation Deaths Days cationst cationst Infection Abscess Abscess 
Total Proctocolectomy 

Colonic perforation 1 42.5 1 0 I 0 
(25%) 

Toxic megacolon 1 38.5 4 4 1 0 
(6.2%) 


o S A O N a L AEE E 
1 


Hemorrhage 0 18 
Urgent: failure of 
medical therapy 
Les urgent: failure 
of medical therapy 


1 
(7.1%) 
0 


Total of all emegency 3 27.6 10 10 8 2 1 
& urgent colectomies (9.1%) (29.4%) (29.4%) (20.6%) (5.9%) (2.4%) 
Subtotal Colectomy 
Colonic perforation 1 42.4 2 3 4 
(10%). 
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Toxic megacolon 0 30.7 
Hemorrhage 0 28 


Urgent: failure of 2 30.2 
medical therapy 


(11.1%) 


Less urgent: failure 0 30 1 1 0 0 
of medical therapy 
Total of all emergency 3 33.3 18 14 3 
& urgent colectomies (7.0%) (45.0%) (35.0%) (22.5%) (7.5%) (12.5%) 


Table 3.—Summary of Postoperative Mortality and Morbidity* 












0 0 0 0 










3 3 0 0 
0 i 0 0 0 












* Morbidity (postoperative hospitalization and complications) data include only those patients who survived operation. 
t Some patients had more than one complication, septic or nonseptic or both. 


No patients had only rectal involvement, either by pre- 
operative sigmoidoscopic and roentgenologic evaluation or 
by pathologic evaluation of the resected colons. All pa- 
tients in both operative categories had either total colonic 
invelyement or substantial involvement beyond the he- 
patic flexure of the colon. More patients with total colitis 
underwent subtotal than total proctocolectomy; but in no 
patient was the choice of operation dictated by the extent 
of colonic involvement. 

The mean time from hospitalization to operation for the 
entire series was 11.6 days, with no substantial difference 
between the two operative categories. For those patients 
undergoing emergency operation, the mean was 3.3 days. 

When other objective factors in preoperative evaluation 
were considered, those patients having total proctoco- 
lectomy had a higher incidence of complicating serious ill- 
nesses unrelated to their colitis, a higher incidence of sub- 


stantial weight loss, more frequent severe anemia, a. 


greater preoperative transfusion requirement, and more 
frequent hypoprothrombinemia. Patients who underwent 
subtotal colectomy had a greater degree of leukocytosis 
and a greater incidence of hypoalbuminemia. The differ- 
ences in these factors, however, were not statistically sig- 
nificant. Intensive steroid therapy had been employed pre- 
operatively in 83.8% of the patients with no substantial 
difference between the two operative categories. 

All objective criteria considered, therefore, it was ap- 
parent that there were no great differences between the 
two operative categories with regard to how ill patients 
were at the time of operation. The choice of operation per- 
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formed was, by and large, determined by the personal pre- 
ference of the operating surgeon. Those surgeons who 
performed subtotal colectomy did so routinely for any of 
the emergency and urgent indications. Those surgeons 
who preferred one-stage total proctocolectomy, however, 
performed subtotal colectomy in three patients who had 
had free colonic perforation more than 24 hours preopera- 
tively. The average operating time, surgeon for surgeon, 
was one hour longer for total proctocolectomy than subto- 
tal colectomy; the average transfusion requirement was 
less than 1 more unit of blood. 

Postoperative mortality and morbidity according to the 
indication for operation and the operation performed are 
summarized in Table 3. There were six deaths in the en- 
tire series (mortality, 7.5%). During the same time period, . 
there had been 31 elective colectomies (25 total procto- 
colectomies and six subtotal colectomies) with no mortal- 
ity. The causes of death are summarized in Table 4. In the 
patient who died of retroperitoneal sepsis, it was possible 
that the fatal outcome might have been avoided had sub- 
total colectomy been performed without contaminating 
the extraperitoneal pelvis by extirpation of the rectum. In 
two other patients who underwent total proctocolectomy, 
however, intraoperative colonic perforation occurred with- 
out postoperative complications, so that the preventable 
nature of even this mortality is in doubt. In none of the 
remaining cases could the fatal outcome be related to the 
choice of operation performed. re 

Thirty-three patients (41.2% of the total series) had no 
postoperative complications: 18 (48.6%) of the proctoco- 
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lectomy group and 15 (34.9%) of the subtotal colectomy 
group. There was no statistically significant difference 
(P> .05 by Student t test) in mean postoperative hospital- 
ization between the two operative categories. The most 
eommon postoperative nonseptic complications were ileos- 
tomy dysfunctions (eight patients), thromboembolic phe- 
nomena (six patients), and intestinal obstructions (four 
patients). These and other less frequent complications oc- 
curred more often after subtotal colectomy, but could not 
be specifically related to the choice of operation. There 
was no substantial difference in the incidence of septic 
complications between the two operative procedures. In 
those patients.receiving intensive preoperative steroid 
therapy, there was no difference in the rate of either sep- 
tic or nonseptic complications between the two operations. 
Furthermore, there was no apparent difference in the rate 
of complications between those patients receiving steroid 
therapy and those who had not received such treatment. 

In follow-up of the 34 patients who survived total proc- 
tocolectomy, 27 have been well for between three months 
and 18 years. One 70-year-old man who had survived colec- 
tomy for colonic perforation died at an outside hospital 
two months postoperatively of dehydration and electro- 
lyte imbalance. His attending physician had misinter- 
preted his granulating perineal wound for advanced can- 
cer and had withheld active therapy during a bout of 
severe gastroenteritis. Three patients required lysis of ad- 
hesions for intestinal obstruction. One patient required 
ileostomy revision for dysfunction. Two patients have re- 
quired ileal resection for Crohn disease; both had a patho- 


logic diagnosis of granulomatous colitis. Eight patients 
(24.2%) had delay in perineal wound healing of over six 
months. 


In follow-up of the 40 patients who survived subtotal - 


colectomy, two patients who had colonie cancer diagnosed 
at operation died of peritoneal carcinomatosis at eight 
months and two years. Nine patients have retained their 
colorectal remnant without substantial symptoms related 
to it for between four months and 13 years, though one 
patient with granulomatous colitis on pathologic diagnosis 
has required multiple operations for Crohn disease of the 
small intestine, and one patient has required lysis of ad- 
hesions for intestinal obstruction. One patient’s urgent 
subtotal colectomy had been a colectomy distal to the un- 
diseased hepatic flexure with concomitant abdominal-peri- 
neal resection of the rectum. The other 28 patients (75.7%) 
have undergone abdominal-perineal resection of their 
colorectal remnant at between one month and six years. 
Seven resections were performed electively; 21, for sub- 
stantial persistent symptoms related to the retained rec- 
tum. These resections were performed within the first 
year after subtotal colectomy in 15 patients, between one 
and two years in ten, at five years in two, and at six 
years in one. No cancers were found in any of the retained 
or resected rectal remnants. There were no postoperative 
deaths following abdominal-perineal resection of the rec- 
tum. However, ten patients (35.7%) suffered postoperative 
complications (septic in seven and nonseptic in three), and 
the mean postoperative hospitalization was 21.5 days. De- 
lay in perineal wound healing beyond six months occurred 
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Table 4.—Cause of Death According to Operation Performed and Indication for Operation 


Indication for Operation 
Colonic perforation 


Colonic perforation 


Toxic megacolon 


Urgent: failure of 
medical therapy 


Urgent: failureeof 
medical therapy 


- ə Urgent: failure of 
medical therapy 


if s 


Operation Performed 
Total proctocolectomy 


Subtotal colectomy 


Total proctocolectomy 


Total proctocolectomy 


Subtotal colectomy 


Subtotal colectomy 


Cause of Death 


Gastroduodenal stress ulceration with 
multiple septic and nonseptic com- 
plications following emergency 
gastric resection 


Uremia; azathioprine (Imuran)-induced 
pancytopenia with generalized 
bleeding diathesis and acute res- 
piratory distress syndrome 


Aplastic anemia secondary to chlor- 
amphenicol toxicity, with generalized 
sepsis and generalized bleeding 
diathesis 


Retroperitoneal sepsis with multiple 
abscesses 


Pulmonary embolism 


Multiple pulmonary emboli secondary 
to pelvic thrombophlebitis; massive 
thrombosis of intrahepatic portal 


venous system with hepatic infarction 


Comments 


43-year-old woman had perforated at 
outside hospital >48 hr preoper- 
atively; underwent plication of 
bleeding duodenal ulcers, vagotomy, 
and pyloroplasty; rebled and under- 
went second plication; rebled and 
underwent subtotal gastrectomy; 
died of generalized sepsis 73 days 
after colectomy 


20-year-old woman had chronic renal 
failure and received azathioprine 
therapy for colitis before she per- 
forated 36 hr prior to admission; 
died 29 days after colectomy 


57-year-old woman died of uncon- 
trollable generalized bleeding 7 
days after colectomy 


63-year-old man sustained intraoper- 
ative colonic perforation; died of 
sepsis, thought to have originated 
in the pelvis, 14 days postoperation 


13-year-old girl had massive pul- 
monary embolism secondary to 
ileofemoral phlebothrombosis on 
day of colectomy 

58-year-old man died 23 days after 
colectomy; postmortem examination 
revealed unsuspected subphrenic 
abscess 
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in 11 patients (39.3%). Following resection, three patients 
subsequently required lysis of adhesions for intestinal ob- 
struction and two patients required ileostomy revision for 
.dysfunction. No patient who underwent emergency or ur- 
gent subtotal colectomy has had intestinal continuity 
reestablished by subsequent ileorectal anastomosis. 


COMMENT 


Prime among the important factors in the dramatic re- 
duction in early postoperative mortality associated with 
the surgery of ulcerative colitis since the early 1950s have 
been the earlier referral of patients for operation, espe- 
cially in severe attacks, and the adoption of primary colec- 
tomy rather than ileostomy as the standard surgical ther- 
apy. Pioneering in advocating early operation, Goligher et 
al’ and Watts et al* were able, by operating on all patients 
with severe attacks of ulcerative colitis that did not remit 
during a five- to seven-day course of medical therapy, to 
reduce the overall mortality from 11.3%, when there was a 
12- to 17-day delay, to 3.7%. The operative mortality was 
reduced from 20.0% to 7.0%, and the corresponding medi- 
cal mortality was reduced from 4.8% to 0.7%, without sub- 
stantially decreasing the number of spontaneous remis- 
sions. In the current series, the relatively favorable results 
in emergency operations may be related in part to the fact 
that patients were generally referred for operation early 
in the course of their disease and before progressive meta- 
bolic deterioration had made them poor operative risks. 
The early referral for operation in the present series is 
borne out by the fact that only 5% of patients sustained 
colonic perforation while under medical therapy at our in- 
stitution. This compares favorably with the 11.1% inci- 
dence of preoperative perforation reported by Goligher et 
al.? 

In evaluation of the choice of operative procedure, ileos- 
tomy alone as the primary operation, followed later by co- 
lectomy, has proved to be an inadequate operation with 
prohibitive mortality. The operation does not eliminate 
the patient’s basic problem of a grossly diseased large 
bowel usually totally involved by colitis and virtually cer- 
tain to cause future serious troubles. Goligher et al,‘ in a 
review of 867 patients treated by primary ileostomy and 
reported in various series between 1948 and 1966, found 
an overall early mortality of 19.5%. Even as recently as 
1965, Truelove et al reported an operative mortality of 
16.1%. In contrast, in the survey by Goligher et al‘ of 2,071 
patients who had undergone primary colectomy or procto- 
colectomy and have been reported in various series be- 
tween 1952 and 1967, the overall mortality has been 7.9%; 
3% to 4% after elective operations and 10% to 20% after ur- 
gent surgery. In their personal series, the early mortality 
was 7% after emergency and urgent operations. Their pref- 


erence, even for urgent operations, is for primary one- 


stage total proctocolectomy, with ileostomy and subtotal 
colectomy—with subsequent rectal excision—reserved for 
those patients who are desperately ill or those surgeons 
who are relatively inexperienced in the operation of rectal 
excision. In this context, the great majority of deaths af- 
ter urgent operations were not specifically related to the 
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choice of operation between total proctocolectomy and 
subtotal colectomy. Our own results bear out the concju- 
sion that one-stage total proctocolectomy can be per- 
formed as an emergency or urgent operation with no 
greater operative mortality than with the less aggressive 
operation of primary ileostomy and subtotal colectomy. 

In evaluation of postoperative morbidity after emer- 
gency surgery, Goligher et al* found that only 10% of pa- 
tients had an uncomplicated course, and only 6.7% of pa- 
tients had a postoperative hospitalization of four weeks or 
less. Our results compare favorably with these, with 42.5% 
of patients having no postoperative complications and a 
mean postoperative hospitalization of 30.7 days for the 
series as a whole. When the rates of both septic and non- 
septic complications as well as overall morbidity in the 
two operative categories in the present series are com- 
pared, it becomes obvious that one-stage total procto- 
colectomy is, at least, no more dangerous an operation 
than subtotal colectomy. 

Most reports on the long-term follow-up of patients sur- 
viving ileostomy and proctocolectomy*® indicate that the 
great majority of late deaths have no relation to the oper- 
ation itself. Once the immediate postoperative period is 
over, in the absence of colonic cancer, proctocolectomy 
confers on the patient a normal life expectancy. Associ- 
ated with this low postoperative mortality has been a con- 
comitantly low late postoperative morbidity. Our own re- 
sults confirm these findings, with only one preventable 
late mortality after proctocolectomy and only six (18.2%) 
patients who required further operations for late compli- 
cations. In contrast, survivors of subtotal colectomy have 
an appreciable morbidity from persistent disease* and 
from the frequent necessity for later resection of the re- 
tained colorectal remnant. 

There is no doubting the advantages of retaining the 
rectum in patients requiring colectomy for ulcerative co- 
litis, provided they can be returned to a relatively normal 
physiologic status and that there is a reasonable chance 
for later restoration of intestinal continuity. Aylett has 
championed colectomy and ileorectal anastomosis with 
gratifying results and an overall 5.7% postoperative mor- 
tality, but even he specifically recommends primary colec- 
tomy and ileostomy for emergency and urgent cases and 
reports a 5% rate of conversion to permanant ileostomy 
and a 1% rate of development of cancer in the retained 
rectum. Moss et al'' reported a 72% incidence of subse- 
quent need for resection of the rectal remnant after sub- 
total colectomy, a 4.5% postoperative mortality associated 
with the resection, and a 2.1% incidence of development of 
cancer in the rectal stump. No patients in their series had 
successful later ileorectal anastomosis. Mayo et al’? have 
reported similarly poor prognosis of the retained rectal 
segment, with 55.6% of patients subsequently undergoing 
rectal resection, no patients have subsequent successful 
ileorectal anastomosis, and the development of cancer in 
the rectal segment in 6.7% of patients. They concluded 
that if ileoproctostomy cannot be performed at the timeeof 
colectomy, the chances of it being possible to do so within 
a reasonable time are remote. Hudson" similarly reported * 
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Ace substantial incidence of rectal cancer after rectum-sav- 
ing operations. In our series, the great majority of pa- 







tients have required subsequent resection of the rectum, 


_ with substantial postoperative morbidity, and there have 


been no successful subsequent ileorectal anastomoses. 
| CONCLUSIONS 


In the present series of patients requiring emergency or 
urgent operation for ulcerative colitis, it has been demon- 


_ strated that for patients with comparable severity of dis- 
_ ease, there is no substantial difference in postoperative 
mortality or morbidity after one-stage proctocolectomy 
_ than after ileostomy with subtotal colectomy. The surgical 


‘judgment that the less aggressive operation is more 






likely to salvage these critically ill patients and lower the 
overall postoperative morbidity has, therefore, not been 
borne out in fact. The patients who survived total procto- 
colectomy were returned to relatively normal physiologic 
status after a single operation, with no greater long-term 
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eee than could be anticipated following any such 
major abdominal operation. The survivors of subtotal co- 
lectomy, on the other hand, in the majority of cases had to 


face the prospects of another major abdominal operation , 


to remove the retained rectum, with its own substantial 


postoperative morbidity. Since the chances of subsequent — 
restoration of intestinal continuity and retention of 


sphincter function were not, in fact, realized, any hoped- 
for advantages of retaining the rectum have proved to be 
unrealistic. It is, therefore, suggested that, for the sur- 
geon experienced in the operation of rectal resection and 
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for the patient whose rectum is involved along with the re t 


rest of the colon in the disease process, the procedure of — 
choice in emergency or urgent operation is one-stage total 
proctocolectomy. 


This investigation was supported in part by a grant from the John A. 
Hartford Foundation, Inc. 

James F. Patterson, MD, assisted in the management of the patients and 
in the preparation of the manuscript. 
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Editorial Comment 


A generation and more ago subtotal (supracervical) hysterec- 
tomy for benign uterine disease was dying a lingering death. 
During the last 20 years, the same things has been happening to 
subtotal colectomy for ulcerative colitis. Whether in 1974 total 
one-stage proctocolectomy for all patients has entirely superseded 
itis not yet sure. This careful, retrospective study will help the faint- 
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hearted, though accomplished, surgeon to proceed with the re- 
moval of the rectum in one stage. It should not, however, serve as 
a green light to him who should not be doing the colectomy in the 
first place. 


RICHARD WARREN, MD Ž 
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PUBLISHED TO CORRECT A PREVIOUS 
PROMOTIONAL CAMPAIGN WHICH THE FOOD AND 
DRUG ADMINISTRATION CONSIDERS MISLEADING 





DISCOVER 





MINOCYCLINE HCI 





THE FOLLOWING PAGE PRESENTS IMPORTANT INFORMATION WHICH THE 
F.D.A. BELIEVES WAS NOT FAIRLY CONVEYED BY THE “DISCOVER MINOCIN” 
PROMOTIONAL CAMPAIGN. 






MINOCIN IS A TETRACYCLINE WITH GENERALLY 
THE SAME SPECTRUM AND LIMITATIONS AS 
TETRACYCLINE HCI. 









‘DISCOVER 


microbial specificity ina 
wide range of common 
infections due to susceptible 
pathogens 





against microorganisms 
of venereal disease 





in a wide range of hospital 
infections due to susceptible 
pathogens 





in a wide range of respiratory 
infections due to 
susceptible pathogens 


No 
photosensitivity 
reported to date 





MINOCIN PROMOTION SPOTLIGHTED TABLES OF TISSUE PENE- 
TRATION DATA AND INITIAL CLINICAL TRIAL DATA. THE F.D.A. 
REGARDS THESE DATA AS DIRECT CLAIMS OF EFFECTIVENESS 
FOR SPECIFIC SITE INFECTIONS. 


WHILE TISSUE PENETRATION IS CONSIDERED 
ESSENTIAL TO THERAPEUTIC EFFICACY, AND 
WHILE INITIAL CLINICAL TRIALS DEALT WITH 
NUMEROUS SPECIFIC SITE INFECTIONS, SUCH 
DATA AS PRESENTED IN THE MINOCIN PROMO- 
TION ARE INADEQUATE TO SUPPORT CLAIMS OF 
DISEASE SPECIFICITY. 


VENEREAL DISEASE WAS A FEATURED THEME OF MINOCIN 
PROMOTION. 


INJECTABLE BENZATHINE PENICILLIN G IS THE 
DRUG OF CHOICE FOR SYPHILIS. INJECTABLE 
PROCAINE PENICILLIN G IS THE DRUG OF CHOICE 
FOR GONORRHEA. 


“HOSPITAL INFECTIONS DUE TO SUSCEPTIBLE PATHOGENS’ WAS 
ANOTHER FEATURED THEME. 


ALTHOUGH MINOCIN SHOWS MODERATE IN VITRO 
ACTIVITY AGAINST CERTAIN STRAINS OF STAPHY- 
LOCOCCI RESISTANT TO TETRACYCLINE HCI, 
NEITHER MINOCIN NOR ANY OTHER TETRACYCLINE 
y in bnin OF CHOICE FOR STAPHYLOCOCCAL 


MINOCIN WAS PROMOTED FOR UPPER RESPIRATORY 
INFECTIONS. 


NEITHER MINOCIN NOR ANY OTHER ANTIBIOTIC 

IS INDICATED FOR VIRAL UPPER RESPIRATORY 
INFECTIONS. IN ADDITION, NEITHER MINOCIN NOR 
ANY OTHER TETRACYCLINE IS RECOMMENDED 
FOR PROPHYLAXIS OF RHEUMATIC FEVER FOL- 
LOWING STREPTOCOCCAL INFECTIONS. 


THE MINOCIN PROMOTIONAL CAMPAIGN EMPHASIZED THAT ONE 
TETRACYCLINE SIDE EFFECT HAD NOT BEEN REPORTED WITH 
MINOCIN. 


UNLIKE OTHER TETRACYCLINES, CNS SIDE EF- 
FECTS INCLUDING LIGHTHEADEDNESS, DIZZI- 
NESS, OR VERTIGO HAVE BEEN REPORTED WITH 
MINOCIN. PATIENTS WHO EXPERIENCE THESE 
SYMPTOMS SHOULD BE CAUTIONED ABOUT DRIV- 
ING VEHICLES OR USING HAZARDOUS MACHINERY 
WHILE ON MINOCYCLINE THERAPY. 


THIS PROMOTIONAL CAMPAIGN HAS BEEN DISCONTINUED BY 
DIRECTION OF THE FOOD AND DRUG ADMINISTRATION. 
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MINOCIN” Minocycline Hydrochloride 


Oral and Intravenous 


DESCRIPTION: MINOCIN minocycline hydrochloride 
is a semi-synthetic derivative of tetracycline, 7- 
dimethylamino-6-deoxy-6-demethyltetracycline 
hydrochloride. 

Intravenous: Each vial, dried by cryodesiccation, 

contains sterile Minocycline Hydrochloride equivalent 
to 100 mg. Minocycline. When reconstituted with 5 cc. 
of no Water For Injection the pH ranges from 2.0 
to 2.8. 
ACTIONS: Microbiology. The tetracyclines are pri- 
marily bacteriostatic and are thought to exert their 
antimicrobial effect by the inhibition of protein synthe- 
sis. Minocycline HCI is a tetracycline with antibacterial 
activity comparable to other tetracyclines with activity 
against a wide range of gram-negative and gram-posi- 
tive Organisms. 

Tube dilution testing: Microorganisms may be con- 
sidered susceptible (likely to respond to minocycline 
therapy! if the minimum inhibitory concentration 
(M.1.C.) is not more than 4.0 mcg./ml. Microorganisms 
may be considered intermediate (harboring partial 
resistance) if the M.I.C. is 4.0 to 12.5 mcg./ml. and 
resistant (not likely to respond to minocycline therapy) 
if the M.1.C. is greater than 12. 5 mcg./ml. 

Susceptibility plate testing: If the Kirby-Bauer 
method of susceptibility testing (using a 30 mcg. tetra- 
cycline disc) gives a zone of 18 mm. or greater, the 
bacterial strain is considered to be susceptible to any 
tetracycline. Minocycline shows moderate in vitro 
activity against certain strains of staphylococci which 
have been found resistant to other tetracyclines. For 
such strains minocycline susceptibility powder may be 
used for additional susceptibility testing. 
INDICATIONS: MINOCIN minocycline HCI is indicated 
in infections caused by the following microorganisms: 

Rickettsiae: (Rocky Mountain spotted fever, typhus 

fever and the typhus group, Q fever, rickettsialpox. 

tick fevers.) 

Mycoplasma pneumoniae (PPLO, Eaton agent). 

Agents of psittacosis and ornithosis. Agents of lym- 

phogranuloma venereum and granuloma inquinale 

The spirochetal agent of relapsing fever (Borrelia 

recurrentis). The following gram-negative micro- 

orgarisms: 

Haemophilus ducreyi (chancroid), Pasteurella pestis 

and Pasteurella tularensis, Bartonella baciliiformis, 

Bacteroides species, Vibrio comma and Vibrio fetus. 

Brucella species (in conjunction with streptomycin) 

Because many strains of the following groups of 
microorganisms have been shown to be resistant to 
tetracyclines, culture and susceptibility testing are 
recommended. 

MINOCIN minocycline HCl is indicated for treatment 
of infections caused by the following gram-negative 
microorganisms, when bacteriologic testing indicates 
appropriate susceptibility to the drug: 

scherichia coli, Enterobacter aerogenes (formerly 

Aerobacter aerogenes). Shigella species. Mima spe- 

cies and Herellea species, Haemophilus influenzae 

(respiratory infections), Klebsiella species (respira- 

tory and urinary infections). 

MINOCIN is indicated for treatment of infections 

caused by the following gram-positive microorganisms 
when bacteriologic testing indicates appropriate sus- 
ceptibility to the drug: 
Streptococcus species: Up to 44 percent of strains of 
Streptococcus pyogenes and 74 percent of Strepto- 
coccus faecalis have been found to be resistant to 
tetracycline drugs. Therefore, tetracyclines should not 
be used for streptococcal disease unless the organism 
has been demonstrated to be sensitive 

For upper respiratory infections due to group A 
beta-hemolytic streptococci, penicillin is the usual 
drug of choice. including prophylaxis of rheumatic 
fever. 

Diplococcus pneumoniae. 

Staphylococcus aureus, skin and soft tissue infections. 
Tetracyclines are not the drugs of choice in the treat- 
ment of any type of staphylococcal infection. 

When penicillin is contraindicated. tetracyclines are 
alternative drugs in the treatment of infections due 
to: 

Neisseria gonorrhoeae, and Neisseria meningitidis 

(LV. only), Treponema pallidum and Treponema per- 

tenue (syphilis and yaws), Listeria monocytogenes, 

Clostridium species, Bacillus anthracis. Fusobac- 

terium fusiforme (Vincents infection). Actinomyces 

species. 

In acute intestinal amebiasis, the tetracyclines may 
be a useful adjunct to amebicides. 

MINOCIN is indicated in the treatment of trachoma. 
although the infectious agent is not always eliminated. 
as judged by immunofluorescence. Inclusion conjunc- 
tivitis may be treated with oral tetracyclines or with a 
combination of oral and topical agents. 

Oral only: In severe acne, the tetracyclines may be 
useful adjunctive therapy. Minocycline is indicated in 
the treatment of asymptomatic carriers of N. meningi- 
tidis to eliminate meningococci from the nasopharynx. 

In order to preserve the usefulness of MINOCIN 
minocycline HCI in the treatment of asymptomatic 

meningococcal carriers, diagnostic laboratory proce- 
dures, including serotypyg and susceptibility testing. 
should be performed tagstablish the carrier state and 





the correct treatment. It is recommended that the drug 
be reserved for situations in which the risk of menin- 
gococcal meningitis is high. 

Minocycline by oral administration is not indicated 

for the treatment of meningococcal infection. 
CONTRAINDICATIONS: This drug is contraindicated 
in persons who have shown hypersensitivity to any of 
the tetracyclines. 
WARNINGS: In the presence of renal dysfunction, 
particularly in pregnancy, intravenous tetracycline 
therapy in daily doses exceeding 2 grams has been 
associated with deaths through liver failure. 

When the need for intensive treatment outweighs its 
potential dangers (mostly during pregnancy or in indi- 
viduals with known or suspected renal or liver impair- 
ment). it is advisable to perform renal and liver function 
tests before and during therapy. Also tetracycline 
serum concentrations should be followed. 

If renal impairment exists, even usual oral or paren- 
teral doses may lead to excessive systemic accumula- 
tion of the drug and possible liver toxicity. Under such 
conditions, lower than usual total doses are indicated, 
and if therapy is prolonged, serum level determinations 
of the drug may be advisable. This hazard is of particu- 
lar importance in the parenteral administration of 
tetracyclines to pregnant or postpartum patients with 
pyelonephritis. When used under these circumstances. 
the blood level should not exceed 15 micrograms/ml. 
and liver function tests should be made at frequent 
intervals. Other potentially hepatotoxic drugs should 
not be prescribed concomitantly 

The use of tetracyclines during tooth development 
(last half of pregnancy, infancy, and childhood to the 
age of 8 years) may cause permanent discoloration of 
the teeth (yellow-gray-brown). This adverse reaction is 
more common during long-term use of the drugs but 
has been observed following repeated short-term 
courses. Enamel hypoplasia has also been reported. 
Tetracyclines, therefore, should not be used in this age 
group unless other drugs are not likely to be effective 
or are contraindicated. 

Photosensitivity manifested by an exaggerated sun- 
burn reaction has been observed in some individuals 
taking tetracyclines. Patients apt to be exposed to 
direct sunlight or ultraviolet light should be advised 
that this reaction can occur with tetracycline drugs, and 
treatment should be discontinued at the first evidence 
of skin erythema. Studies to date indicate that photo- 
r A does not occur with MINOCIN minocycline 
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The antianabolic action of the tetracyclines may 
cause an increase in BUN. While this is nota problem in 
those with normal renal function, in patients with sig- 
nificantly impaired function, higher serum levels of 
tetracycline may lead to azotemia, hyperphosphate- 
mia, and acidosis. 

CNS side effects including lightheadedness. dizzi- 
ness or vertigo have been reported. Patients who 
experience these symptoms should be cautioned 
about driving vehicles or using hazardous machinery 
while on minocycline therapy. These symptoms may 
disappear during therapy and always disappear rapidly 
when the drug is discontinued. 

Usage in Pregnancy. (See above “Warnings” about use 
during tooth development.) 

Results of animal studies indicate that tetracyclines 
cross the placenta, are found in fetal tissues and can 
have toxic effects on the developing fetus (often 
related to retardation of skeletal development). Evi- 
dence of embryotoxicity has also been noted in animals 
treated early in pregnancy. 

Usage in newborns, infants, and children. (See above 
“Warnings” about use during tooth development.) 

All tetracyclines form a stable calcium complex in 
any bone forming tissue. A decrease in the fibula 
growth rate has been observed in prematures given 
oral tetracycline in doses of 25 mg./kg. every 6 haurs. 
This reaction was shown to be reversible when the drug 
was discontinued. 

Tetracyclines are present in the milk of lactating 
women who are taking a drug in this class. 
PRECAUTIONS: As with other antibiotic prepara- 
tions, use of this drug may result in overgrowth of 
nonsusceptible organisms, including fungi. If superin- 
fection occurs, the antibiotic should be discontinued 
and appropriate therapy should be instituted. 

In venereal diseases when coexistent syphilis is 
suspected, darkfield examination should be done 
before treatment is started and the blood serology 
repeated monthly for at least 4 months. 

Because tetracyclines have been shown to depress 
plasma prothrombin activity, patients who are on anti- 
coagulant therapy may require downward adjustment 
of their anticoagulant dosage. 

In long-term therapy periodic laboratory evaluation 
of organ systems, including hematopoietic, renal and 
hepatic studies should be performed. 

All infections due to Group A beta-hemolytic strep- 
tococci should be treated for at least 10 days. 

Since bacteriostatic drugs may interfere with the 
bactericidal action of penicillin, it is advisable to avoid 
giving tetracycline in conjunction with penicillin. 
ADVERSE REACTIONS: Gastrointestinal: Anorexia. 
nausea, vomiting, diarrhea, glossitis, dysphagia, 
enterocolitis, and inflammatory lesions (with monilial 
overgrowth) in the anogenital region. 

These reactions have been caused by both the oral 


















and parenteral administration of tetracyclines. Skin: 
Maculopapular and erythematous rashes. Exfoliative 
dermatitis has been reported but is uncommon. Photo- 
sensitivity is discussed above. (See "Warnings ”) Renal 
toxicity: Rise in BUN has been reported and is 
apparently dose related. (See “Warnings: ) Hypersen- 
sitivity reactions: Urticaria, angioneurotic edema, ana- 
phylaxis, anaphylactoid purpura, pericarditis and 
exacerbation of systemic lupus erythematosus. Bulg- 
ing fontanels have been reported in young infants 
following full therapeutic dosage. This sign disap- 
peared rapidly when the drug was discontinued. Blood: 
Hemolytic anemia, thrombocytopenia, neutropenia 
and eosinophilia have been reported. CNS: (See 
“Warnings.’) When given over prolonged periods, 
tetracyclines have been reported to produce brown- 
black microscopic discoloration of thyroid glands. No 
abnormalities of thyroid function studies are known 
to occur. 

DOSAGE AND ADMINISTRATION: ORAL. Therapy 

should be continued for at least 24-48 hours after 

symptoms and fever have subsided. 

Concomitant therapy: Antacids containing alumi- 
num, calcium, or magnesium impair absorption and 
should not be given to patients taking oral tetra- 
cycline. 

Studies to date have indicated that the absorption of 
MINOCIN is not notably influenced by foods and dairy 
products. 

In patients with renal impairment: (See “Warnings’’) 
Total dosage should be decreased by reduction of 
recommended individual doses and/or by extending 
time intervals between doses. 

In the treatment of streptococcal infections, a thera- 
peutic dose of tetracycline should be administered for 
at least 10 days. 

Adults: The usual dosage of MINOCIN minocycline 
HCI is 200 mg. initially followed by 100 mg. every 12 
hours. Alternatively, if more frequent doses are pre- 
ferred, two or four 50 mg. capsules may be given 
initially followed by one 50 mg. capsule four times 
daily. 

Children: The usual dosage of MINOCIN minocy- 
cline HCI is 4 mg./kg. initially followed by 2 mg./kg. 
every 12 hours. 

For treatment of syphilis, the usual dosage of 
MINOCIN should be administered over a period of 
10-15 days. Close follow-up, including laboratory tests, 
is recommended. 

Gonorrhea patients sensitive to penicillin may be 
treated with MINOCIN, administered as 200 mg. ini- 
tially followed by 100 mg. every twelve hours for a 
minimum of 4 days, with post-therapy cultures within 
2-3 days. 

In the treatment of meningococcal carrier state rec- 
ommended dose is 100 mg. every 12 hours for five 


days. 

DOSAGE AND ADMINISTRATION: INTRAVENOUS. 
Note: Rapid administration is to be avoided. Parenteral 
therapy is indicated only when oral therapy is not 
adequate or tolerated. Oral therapy should be insti- 
tuted as soon as possible If intravenous therapy is 
given over prolonged periods of time, thrombophle- 
bitis may result. 

Adults: Usual adult dose: 200 mg. followed by 100 
mg. every 12 hours and should not exceed 400 mg. in 
24 hours. The drug should be initially dissolved and 
then further diluted to 500-1000 cc. with either 
Sodium Chloride Injection USP, Dextrose Injection 
USP, Dextrose and Sodium Chloride Injection USP. 
Ringer's Injection USP, or Lactated Ringer's Injection 
USP but not in other solutions containing calcium (a 
precipitate may form). 

The reconstituted solutions are stable at room tem- 
perature for 24 hours without significant loss of 
potency. Any unused portions must be discarded after 
that period. The final dilution for administration should 
be administered immediately 

Children: Usual pediatric dose: 4 mg./kg. followed by 
2 mg./kg. every 12 hours 

In patients with renal impairment: (See “Warnings.’) 

Total dosage should be decreased by reduction of 
recommended individual doses and/or by extending 
time intervals between doses 
HOW SUPPLIED: CAPSULES—Minocycline 
Hydrochloride equivalent to 100 mg Minocycline. 
Hardshell purple and orange. Bottles of 50, 100 and 
Unit Dose 10 x 10's. Product No. 5301. 

Minocycline Hydrochloride equivalent to 50 mg. 
Minocycline. Hardshell orange. Bottles of 100 and Unit 
Dose 10 x 10's. Product No. 5300. 

SYRUP—Minocycline Hydrochloride equivalent to 
50 mg. Minocycline per teaspoonful (5 cc.). Preserved 
with propyl paraben 0.10% and butyl@araben 0.06% with 
Alcohol USP 5% v/v. Custard-flavored in bottles of 2 fl. 
oz. Product No. 5313. .. i 

INTRAVENOUS —100 mg. vials of sterile cryodesic- 
cated powder. Product No. 5305. (Combined 10/74) 
MILITARY NSN 6505-00-149-0574 100 mg. I.V. 


on NSN 6505-00-003-5112 

S 

VA NSN 6505-00-003-5112A 

Lederle Laboratories, A Division of 

American Cyanamid Company E> 

Pearl River, N.Y. 10965 
` . 183-5 


100 mg. capsules 















Hypophysectomy 


in Metastatic Breast Cancer 


John C. VanGilder, MD, Ira S. Goldenberg, MD 


Experience with 50 women undergoing extracranial trans- 
ethmoidal-sphenoidal hypophysectomy for metastatic breast carci- 
noma with 12-month follow-up showed an objective remission of me- 
tastases after hypophysectomy in 58% of patients. The highest 
incidence of remission following the operation occurred in those 
women with only osseous metastases (83%) or with previous remis- 
sion to both therapeutic oophorectomy and androgen administration 
(86%). No patient with primary central nervous system metastases, 
only one of ten with hepatic metastases, and none who had failed to 
respond to both oophorectomy and exogenous androgen adminis- 
tration experienced remission after hypophysectomy. The operative 
approach to the pituitary was via a periorbital incision, the posterior 
ethmoid cells, and the sphenoid sinus. Cerebrospinal fluid rhinorrhea 
occurred in three early patients, and has been successfully avoided 
in later ones by a fascia lata graft. Diabetes insipidus, seen in 13 pa- 
tients, and extraocular palsies, seen in two, were transient. 


He manipulation has assumed major importance 

in the treatment of metastatic female breast cancer 
since the observation of Schinzinger' in 1889 that breast 
cancer seemed more malignant in young women and they 
should be made “older” by removing the ovaries. Approxi- 
mately 75% of women with primary breast cancer will de- 
velop ultimately evidence of metastatic disease following 
mastectomy and between 30% and 40%. will demonstrate 
regression of their metastases after administration of es- 
trogens, androgens, progestational agents, corticosteroids 
or following surgical excision or radiation of their ovaries. 
Further palliation can be obtained by either adrenal- 
-ectomy or hypophysectomy, the latter having the theoreti- 
cal advantage of abolishing lactogenic and growth hor- 
mones as well as adrenal production of sex hormones. 


_ Accepted for publication Oct 15, 1974. 
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Luft and Olivecrona? introduced hypophysectomy as 
treatment for metastatic breast cancer, and many meth- 
ods have been devised to ablate the pituitary without ex- 
cessive mortality and morbidity in the usually ill patient. 
These techniques have included external radiation, inter- 
stitial radiation, stereotaxic ablation by heat or freezing, 
and operative excision by intracranial and extracranial 
approaches. Complications of these procedures include 
neurological deficit, infection, rhinorrhea, diabetes insip- 
idus, and failure of total pituitary ablation. The present 
report details experience with the first 50 patients on the 
Neurosurgical Service of the Yale-New Haven Medical 
Center with metastatic breast cancer who have undergone 
pituitary ablation via the extracranial, transphenoidal 
route with 12-month follow-up. 


SURGICAL TECHNIQUE 


Total hypophysectomy was performed by the transethmoidal- 
sphenoidal approach to the pituitary gland, a modification of the 
operation described by Angell James.‘ This extracranial proce- 
dure, when compared to the transseptalsphenoidal technique has 
advantages of less operative manipulation in chronically ill pa- 
tients, avoidance of postoperative denervation of teeth and gin- 
givae, avoidance of nasal packing in many patients postopera- 
tively, and represents a more direct route to the pituitary gland. 

Through a small incision in the periorbital area, the ethmoid 
sinus is entered laterally and the posterior ethmoid cells are re- 
sected, exposing the sphenoid sinus. After excision of the bony 
floor of the sella turcica in the sphenoid sinus, the pituitary gland 
is visualized and removed using the operating microscope. Fascia 
lata is then placed adjacent to the diaphragm sella and the empty 
sella filled with fat. Operative manipulation is minimal, and the 
average hospitalization is six days. 


RESULTS 


Remission of metastatic disease followed hypophysec- 
tomy in 58% (29) of the patients. The criteria for remission 
were rigid and were defined as measurable decrease in the 
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size of cutaneous nodules or lymph nodes by one third, de- 


crease in the size of pulmonary metastases or decrease in 


pleural effusion by 25%, recalcification of osteolytic lesions 


_ or osteoblastic lesions assuming more normal bony config- 


uration without appearance of new bone involvement, and 
decrease in visceral enlargement and clearing of neuro- 
logical deficit for more than three months following hy- 
pophysectomy. Patients manifesting subjective improve- 
ment only were not categorized as remissions. 

There was a clearly greater survival in the responding 
group of patients than in the nonresponding women: du- 
ration from hypophysectomy was 18.7 months for respond- 
ers and 4.5 months for nonresponders. Indexes calculated 
for the responders and nonresponders, respectively, in- 
cluded the mean free interval from mastectomy to first 


-~ metastases (44 and 36 months), interval of known metas- 
_ tases to hypophysectomy (34 and 27 months), and time 
from mastectomy to hypophysectomy (78 and 63 months). 


There was no statistically significant difference between 
the two groups (t> .01) when analyzed by these indexes. 

Patient age in this series ranged between 32 and 72 
years, with an average age of 50.7 years. If remission oc- 
curred, it was of shorter duration in the young women 
than in the older group, although three patients between 


_ the ages of 65 and 72 years each had remissions exceeding 


30 months. 

A most important prognostic factor was the dominant 
metastatic disease. Visceral metastases were dominant in 
46% (23 patients), osseous in 48% (24 patients), and local 


~ (breast, skin, lymph nodes) in 6% (three patients). Pa- 


tients with bony metastases most often demonstrated re- 
mission (83%) (20 patients), while local and visceral domi- 
nant metastatic disease was often less objectively 
improved (67% [two patients] and 30% [seven patients], 


respectively). None of the patients with primary central 


nervous system metastases responded, and only one of ten 
women with hepatic metastases had a remission. How- 


_ ever, three of nine patients with lung or pleural metas- 


tases (33%) demonstrated remissions. In general, when a 
single system was involved with metastatic disease, the 


_ remission rate was higher than when multiple systems 


were involved. 
The response to previous endocrine manipulation as a 
predictor of effectiveness of hypophysectomy was eval- 


uated. Patients were divided into groups according to 
their response following oophorectomy or androgen ad- 


ministration, either alone or in combination sequentially 
(Figure). Remission following therapeutic oophorectomy 
was included only if it was longer than.three months, and 


= those patients undergoing “prophylactic” oophorectomy 


were excluded. 
Patients having a remission to both oophorectomy and 


i í androgens had the highest correlation with remission fol- 


lowing hypophysectomy, and the group failing to respond 
to both modalities were all failures following pituitary re- 
moval. Although a response to androgen administration 
was a better prognostic indicator for hypophysectomy 
than oophorectomy in this group of women, the majority 
of patients receiving androgens only (ten of 13) were 
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Hypophysectomy remissions based on previous 
response to oophorectomy and androgen adminis- 
tration. 


remotely menopausal, in which group there is a greater in- 
cidence of remission than in recently menopausal pa- 


_ tients. The majority of women with failure to improve fol- 


lowing either oophorectomy or androgens alone who 
demonstrated a remission to hypophysectomy had evi- 
dence of osseous involvement. 

One patient in the series who had a remission following 
androgen administration prehypophysectomy had a subse- 
quent response 12 months posthypophysectomy to andro- 
gen administration when exacerbation of her metastases 
occurred. 

Surgical mortality and morbidity were low in the pres- 
ent series despite the fact that many patients were chron- 
ically debilitated secondary to their underlying disease. 
The only death among the 50 patients was a debilitated 
woman who died following a massive pulmonary embolus 
on the tenth postoperative day. Two transient extraocular 
palsies occurred (fourth and sixth cranial nerves) secon- 
dary to contusion in the cavernous sinus, but cleared, re- 
spectively, by the 13th and 22nd days postoperatively. 
Three patients of the first 15 undergoing operation re- 
quired reoperation for persistent rhinorrhea, each devel- 
oping meningitis. This has not been a recurring problem 
in subsequent patients following the use of fascia lata ad- 
jacent to the dura mater supported by a fat graft in the 
empty sella after pituitary removal. 

Despite identification of the pituitary stalk and low sec- 
tion, transient diabetes insipidus appeared in 13 patients, 
but only one of them continued with thé problem lonfer 
than three months. Nasal insufflation of antidiuretic hor- 
mone (lypressin) averts significant discomfort in patients 
who develop this problem. °° 

All patients in this series required replacement corti- 
sone acetate ranging from 37.5 mg to 50 mg per 24 hours 
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tration indicating such selection by the referring physi- 
cian. d 

It is not possible unequivocally to predict remission of 
metastases following hypophysectomy using selection cri- > 


and each was given 2 grains of dessicated thyroid daily. 
‘ Performance of total hypophysectomy was established by 
= postoperative growth hormone assay values of 0 in the 27 
-~ patients so evaluated. 





COMMENT 


Despite development of new chemotherapeutic agents 
and increased sophistication and experience in altering 
the hormonal milieu in metastatic breast carcinoma, hy- 
pophysectomy is still an integral part of therapy in se- 
lected patients. The transethmoidal-sphenoidal approach 


to the pituitary offers the advantages of an extracranial 


_ surgical procedure with lower morbidity and mortality 
than the traditional intracranial technique.‘ Direct visu- 
alization using the operating microscope insures total ab- 
lation of the gland as measured by growth hormone levels 
postoperatively. Sterotaxic procedures cannot assure such 
complete anterior pituitary ablation,’ while interstitial ir- 
radiation is accompanied by a high incidence of both early 
and late rhinorrhea,’ a less frequent occurrence with the 
transphenoidal operation. 

Although no patient referred with metastatic breast 
carcinoma was refused hypophysectomy in the present 


te series, the high percentage of objective responses here ex- 


= ceeds nonselected series reported by other investiga- 
tors*®° and suggests preselection of patients.’ Indeed, 39 
of the 50 patients demonstrated a remission preopera- 
tively to either ovarian ablation or androgen adminis- 


teria such as previous response to hormonal manipulation 
and dominant metastatic disease, but a resonable pre- 
diction is often possible. Presence of osseous metastases 
and a remission following both androgens and oophorec- 
tomy are the best indicators of a favorable response fol- 
lowing hypophysectomy. There appears to be little justifi- 
cation for pituitary removal in patients with central 
nervous system and liver metastases or in those women 


who demonstrate no evidence of hormonal “dependence.” 


Patients with local recurrence and lung or pleural metas- _ F 
tases who respond only to one mode of endocrine manipu- 


lation while failing in others are between the two ex- 


tremes and must be considered on an individual basis for — 


hypophysectomy. Recent developments and methodology 
for determination of estrogen-binding characteristics of 
breast carcinoma may aid the physician in selection of this 
latter group for hypophysectomy." 


This investigation was supported in part by the Henry Rudkin Memorial 


Fund, Yale University School of Medicine, and Public Health Service re- 
search grant CA-03360 from the National Cancer Institute. 


Nonproprietary Name and Trademark of Drug 
Lypressin—Diapid. 
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Cardiorespiratory Responses to Dextran 40 


Hemodynamic and Oxygen Transport Changes 


in Normal Subjects and Critically Ill Patients 


Hiroharu Matsuda, MD, William C. Shoemaker, MD 
Hemodynamic and oxygen transport were observed in 190 studies 
before and after administration of 500 mi dextran 40 in 12 normal, 


healthy subjects and 147 critically ill patients who were, or recently 
had been, in various degrees of shock. The major influence of dex- 


tran 40 was plasma expansion and hemodilution, which resulted in 


increased blood flow and blood volume. In general, the pressure-flow 
responses were greater in the ill patients than in the normal sub- 
jects. After dextran 40 infusion, oxygen transport increased in the 
critically ill patients, but not in the normal volunteers. Some of the 
effects of dextran 40 on oxygen transport in critically ill patients may 
be attributed to increased tissue perfusion from expansion of plasma 
volume, as well as to improved flow properties of blood in the micro- 
circulation. 


reatment and prevention of shock with the plasma ex- 
tender, dextran 70, was pioneered by Gronwall and 
Ingelman.' Subsequently, Thorsen and Hint? and Gelin’ 
described microcirculatory defects in shock. Furthermore, 
Gelin? observed that cellular aggregation occurred with 
burns, hemorrhage, and trauma in clinical as well as ex- 
perimental shock and that improvement of these rheologic 
problems occurred after administration of low molecular 
weight dextran, ie, dextran 40. Gelin and his colleagues*’ 
summarized extensive laboratory and clinical investiga- 
tions in a symposium on this subject. 
Increased arterial pressure, cardiac output, central 


_ venous pressure, urine output, plasma volume, and oxygen 


consumption were observed after administration of dex- 
tran 40 in relatively small series of shock patients by 
Carey et al, Mohr et al,° Cohn et al,” and Shoemaker and 
Monson." Hemodynamic and cardiorespiratory responses 
of dextran 40 were compared with that of whole blood and 
several different plasma expanders; plasma volume and 
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cardiac output were simultaneously measured at frequent 
intervals before, during, and after infusion of 500 ml of 
each agent in random order over one-hour periods; the he- 
modynamic responses to dextran 40 were more pro- 
nounced than those of whole blood or other plasma expan- 
ders.*'! Moreover, there were pronounced increases in 
plasma volume that greatly exceeded the administered 
volume of dextran. In general, the hemodynamic response 
to dextran 40 was greater when there were greater blood 
volume deficits in the control period. Finally, the degree of 
cardiac output increase was related to the degree of 
plasma volume increases after dextran infusion." 

It is not possible at the present time to measure rheolog- 
ic problems in vivo or to quantify tissue perfusion directly 
in clinical shock patients. However, some function, such as 
changes in the rate of oxygen consumption, may provide 
the means to evaluate changes in tissue perfusion. That is, 
under well-controlled conditions, the rate of oxygen trans- 
port reflects the overall circulatory function. Since oxy- 
gen cannot be stored and appreciable degrees of oxy- 
gen debt cannot be accumulated for long periods of time, 
the rate of oxygen consumption measured by spirometry 
closely approaches the oxygen transport by the circula- 
tion, and this approximately equals the rate of oxygen uti- 
lization by the tissues. Thus, the overall functional status 
of the circulation may be evaluated by changes in oxygen 
consumption where the latter has been rate-limited by 
perfusion deficits.” 

In this investigation, the cardiorespiratory responses to 
dextran 40 were studied in normal, healthy subjects and 
critically ill or shock patients in an effort to assess this as- 
pect of peripheral perfusion in the normal and the dis- 
turbed circulation. A 


SUBJECTS AND METHODS 
Subjects 


One hundred ninety cardiorespiratory studies were conducted 
on 12 normal, healthy volunteers and 147 critically ill patients “who 
were, or recently had been, in various degrees of shock. Patients 
were selected for study a basis of patient needs; that is, the 
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most severely ill patient available at the time was studied. All had 
severe life-threatening illness; 73 died and 74 survived. 
Of the 74 survivors (50.3%), 52 were male and 22 were female; 
their average age was 37 years. In the survivors, dextran was 
given on six occasions to patients with hemorrhagic shock, 18 
times to patients with uncomplicated septic shock, ten times to pa- 
tients with accidental traumatic shock, 21 times to patients with 
hemorrhage and accidental trauma, 40 times to patients with sur- 
gical trauma, once to a patient with severe body burns, four times 
to patients with the combination of hemorrhage, trauma, and sep- 
sis, once to a patient with myocardial infarction, six times to pa- 
tients with cardiac tamponade, and once to a patient with severe 
frostbite. 
_ Of the 73 nonsurvivors, 44 were male and 29 were female; their 
- average age was 38 years. Dextran was given four times to pa- 
tients in hemorrhagic shock, seven times to patients with un- 
complicated sepsis, 18 times to patients with surgical trauma, 11 
times to patients with severe burns, four times to those with hem- 
orrhage and accidental trauma, 26 times to those with the combi- 
nation of hemorrhage, trauma, and sepsis, once to a patient with 
cardiac tamponade, and four times to patients with head injury. 


Protocol 


Three to six sets of cardiorespiratory measurements were made 
in the control period. Measurements were repeated at frequent in- 
tervals, usually 15 to 30 minutes, during intravenous adminis- 
tration of 500 ml dextran 40 over a one-hour period and at less fre- 
quent intervals for one to two hours after the infusion. 


Hemodynamic Methods 


An arterial catheter was placed in the femoral artery. A 0.9-me- 
ter central venous catheter was placed into the superior vena cava 
or right atrium via a brachial vein cutdown or percutaneous punc- 
ture and a third catheter (Swan-Ganz) was placed in the pulmo- 
nary artery for pulmonary arterial and precapillary wedge pres- 
sures. 

Arterial and venous pressures were measured by transducers 
attached to indwelling catheters in femoral artery. Cardiac output 
and mean transit time were measured by the indicator dilution 
technique.™ Systemic and pulmonary vascular resistance, stroke 
index, stroke work, central blood volume, and other derived calcu- 
lations were made by standard formulas.**” 


Blood Gas and Oxygen Transport Methods 


Blood gas levels and hemoglobin saturations were measured on 
arterial and mixed venous blood obtained anaerobically at the 
time of the cardiac output estimations.*'* Determinations of arte- 
rial oxygen tension (Po,), carbon dioxide tension (Pco,), and pH 
were made at 37° by a gas analyzer. Oxygen content was obtained 
from the oxygen saturation and hemoglobin values. Several as- 
pects of oxygen transport were calculated by standard methods, 
including arteriovenous oxygen content difference, oxygen avail- 
ability, and oxygen consumption. Oxygen availability was calcu- 
lated as the product ef the arterial oxygen content and cardiac in- 
dex’ Oxygen consumption was calculated as the product of the 
arteriovenous oxygen content difference and cardiac index; the 
calculations were confirmed by the direct Fick method." All mea- 
surements involving blood flow and blood volume were divided by 
the Body surface area and expressed in terms of their indexed val- 
ues to facilitate the comparison of data from patients of various 


sizes. Pe 
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RESULTS 
Hemodynamic Responses 


The data are presented in Tables 1 and 2 and the time 
course of the changes in cardiorespiratory variables are il- 
lustrated in Fig 1 and 2. 

In the preinfusion control period, the mean arterial 
pressures of healthy subjects were higher than those of 
the critically ill patients. There were no essential changes 
in the mean arterial pressure of healthy subjects, but sig- 
nificant increases in the mean arterial pressures occurred 
in the ill patients (P < .05). 

Cardiac index in the normal healthy control subjects 
(plus or minus the standard error of the mean [SE]) was 
2.9 + 0.11 liters/min/sq m; this value was close to the 
3.1 + 0.12 value that we previously reported for 17 normal 
subjects using the same methods.’* However, in the crit- 
ically ill patients, the control cardiac index was higher 
than the normal values. Elevated cardiac outputs in crit- 
ically ill patients under these circumstances have been 
well documented.’ After dextran 40 infusion, there 
were significant increases in cardiac index values in both 
groups (P < .05), but the increases were greater in the ill 
patients than in the normal subjects. 

The average control central venous pressure of the nor- 
mal subjects was somewhat higher than that of the ill pa- 
tients, but the responses of the two groups were compa- 
rable (Fig 1). 

The average preinfusion control mean transit time val- 
ues were greater in the critically ill patients, and the de- 
creases, particularly immediately after onset of the dex- 
tran 40 infusion, were somewhat greater in the ill patients 
(Fig 1 and Table 1). 

The critically ill patients had lower mean control sys- 
temic (peripheral) vascular resistance values than did the 
healthy control subjects, and the decreases in resistance 
were greater in the nonsurvivors (Fig 2). 

The mean control left ventricular stroke work values 
were lower in the critically ill patients, but the increases 
following dextran 40 infusion were greater in this group 
than in the healthy control subjects (Table 1, Fig 2). 


Response of Oxygen Transport and Acid-Base Variables 


There were no appreciable changes in oxygen consump- 
tion in the healthy control patients after dextran 40 infu- 
sion. This is consistent with the concept that these normal 


subjects had optimal oxygen transport and consumption; 


therefore, no further increase in oxygen consumption is to 
be expected with improved flow after dextran 40 adminis- 
tration. Since oxygen cannot be stored, the delivery of 
more oxygen to the tissues than can be utilized does not 
increase oxygen consumption, the added work of the heart 
being negligible in comparison to the total energy re- 
quirements of the body. 

In the control period, the average Po,, pH, and arterio- 
venous oxygen content differences of the series of crit- 
ically ill patients taken as a whole were essentially nor- 
mal; the average hemoglobin concentration, arterial Pco, 
value, arterial oxygen content, and oxygen availability 


\ 
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Fig 1.—Time course of cardiac index, mean arterial pressure, cen- 
tral venous pressure, and mean transit time responses to dextran 
40 administration in normal control subjects and critically ill shock 
patients. Note increase in arterial pressure in shock patients and in- 
crease in flow and venous pressure, as well as the decrease in mean 
transit time, in both groups. 


were somewhat decreased, while the oxygen extraction ra- 
tios and oxygen consumption values were appreciably ele- 
vated (Table 2). 

After dextran 40 administration, there were no essen- 
tial changes in the mean arterial Po, or Pco, values or in 
pH; however, the hemoglobin concentration, arterial oxy- 
gen content, arteriovenous oxygen content difference, and 
oxygen extraction ratio fell appreciably, while the oxygen 
availability and oxygen consumption rose significantly 
(P < .05) (Table 2). 


COMMENT 


In the healthy control subjects, dextran 40 adminis- 
tration increased blood volume, blood flow, and those he- 
modynamic variables reflecting volume and flow, such as 
stroke volume, stroke work, transit time, central venous 
pressure, resistance, and central blood volume. Dextran 40 
did not affect arterial pressure or oxygen consumption. 
Thus, the major influence was plasma expansion and 
hemodilution, which resulted in increased flow. The aver- 
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Fig 2.—Systemic vascular resistance, central blood volume, and 
left ventricular stroke work before, during, and after infusion of 500 
ml dextran 40 in 60 minutes. Note decrease in resistance and in- 
crease in both central blood volume and stroke work after dextran. 


age increase in blood volume for the series was 733 ml or 
425 ml/sq m; this was greater than the actual volume of 
dextran 40 infused. As 10% dextran 40 is hyperoncotie, it 
draws considerable interstitial water into the plasma of 
the normal subject. 

In the series of critically ill patients, dextran 40 in- 
creased pressure, flow, volume, and oxygen transport vari- 
ables. Although all of these critically ill patients were, or 
had been, in moderate to severe degrees of hypotension 
and shock, the mean control cardiac output, mean transit 
time, central blood volume, oxygen extraction, and oxygen 
consumption values were greater than normal and the ar- 
terial pressure, stroke volume, stroke work, systemic vas- 
cular resistance, blood volume, hemoglébin concentration, 
arterial oxygen content, and arterioverfous oxygen con- 
tent difference were appreciably less than normal just 
prior to the dextran infusion. This is consistent with pre- 
viously reported measurements by our group” and marty 
others.'**° These data are consistent with the concepts 
that (1) patients RN resuscitated from shock often 


Cardiorespiratory Responses to Dextran 40/Matsuda & Shoemaker 


Ñ v . 
) i a, . eae 














i 


EP: . a pi ‘ f 7a t ç - f DEN J . 
my | y- s ale 4 -s F + En. hy L f - i i 
A a ee b : mii y 4 i 
Wo» 





EN 








rison of Hemodynamic Responses of Normal Subjects and Shock Patients to Dextran 40* 


















ae _ Control ) During Dextran 40 After Dextran 40 Maximal Response | 

£ f omy — = ——— - - a pa = = - “7 p g gi 7 — em 4 ous wes) it J 
ay l Normal Shock Normal Shock Normal Shock Normal Shock fen 
| Cardiac index, ie | . mee 
f liters/(minesqm) 2.92 £0.10 3.52+0.11 3.36+0.15 4.35+0.14 3.43+0.16 4.50+0.14 3.98+0.15 _ 5.20 £ 0.17 $a 


Heart rate, | a 
beats per minute 77 =6 107 +2 75+4 105 +2 80 +5 106 +2 72+4 100 £2 | 
nn SS 5 f 


Ey A t Mean arterial i 
pressure, mm Hg 913 81+2 91+3 87 +2 93+3 86+2 98 +2 ek e q 
Central venous k 


AY. pressure, cm H,O ZA <= 1:0 4.3+0.5 11.421.1 8.6 + 0.6 85231 8.4+0.7 13.9 1.1 11.8 = 0.6 
= | Mean transit time, 

















en SES: . “sec 14.4+0.78 15.8+0.42 14.0+0.76 145+0.39 13.5+0.71 140+0.38 11.9+057 12.7+0.31 | 
| Systemic vascular : i 





lt resistance, 
orl (dyne » sec)/ 
| (m3 + sqm) 2,349+66 2,000+63 2,012+77 1,664+54 2,063+85 1,585+49 1,672+85 1,341+42 
s Central blood 
E __volume,mi/sqm 703+53 843+19 780+54 . 949+22  763+50 958+23 91364 1,112+29 
= | Stroke index, 
Se | _ ml/sqm 40 +3 35 +2 46+3 43 +2 4544 44+ 2 54 +3 51+2 i 
~ į Left ventricular 1 
er stroke work, <a 
 {__gmemeter/sqm _ 49+5 39+2 57+4 51+3 57 +4 522 67 +5 62+3 ES 
= į Left cardiac work, 
m kgs meter/sqm 3.57 +0.20 3.93 +0.16 4.13+0.25 5.22+0.22 4.30+0.23 5.37+0.22 5.00+0.24 6.37 +0.26 
a S07 E 02O 3-33 50.16 4.13 = 0.25 5.225 0.22 4.30 =0.23__5.37 = 0.22. 5.00= 0.24 ee eee 
= | Red cell deficit, 
= |__ml/sq m -18 +96 _ —285+28 _-71+169 —321+35 —76+160 ~—362+66  -—30+175 —300+34 
bg- rr a 
= | Blood volume 
deficit, ml/sq m 13+141 —280+61 285 +226 —106+72 _261+191 ~—165+88 438+291 48 +69 


* Values are expressed as mean plus or minus standard error of mean. 


Table 2.—Pulmonary Hemodynamic and Oxygen Transport Responses of Shock Patients to Dextran 40* 
y Control During Dextran 40 After Dextran 40 Maximal Response | 










Mean pulmonary 
arterial pressure, l 
mm Hg 18 +2 24+2 24 £2 26 EA 
Pulmonary vascular | 
resistance, (dyne « 
sec)/(cm5 * sq m) 290 + 24 258 + 26 237 + 27 182 + 23 





















A: -Right ventricular a 
| stroke work, gm « 
| meter/sq m 8.3 + 1.0 13.4 + 1.8 12.7 + 1.4 16.3 + 1.7 
a Right cardiac work, 
= | kgemeter/sqm 0.95 + 0.11 1.52 +0.21 1.45 + 0.16 1.82 + 0.19 
= {| Arterial pH 7.43 + 0.009 7.43 + 0.009 | 7.44 + 0.008 7.45 + 0.007 
= |___ Arterial Po,, torr 90 + 5.2 88 + 3.4 92+6.8 111 +8.4 
| Arterial Pco,, torr 32 + 0.8 32 + 0.9 32 + 0.9 35+ 1.1 
Hemoglobin “foe 
| saturation, % 94 + 0.7 93 + 0.7 93 + 0.7 95 + G75 Ces 






Arterial oxygen 






content, m!/100 ml 14.1+0.4 12.6 0.9 12:1 EGA 
_ Arteriovenous oxygen 
san G content difference, 


























PAF ml/100 ml 5.20.3 44+0.2 4.0+0.2 3.5+0.2 
| Oxygen availability, 
 mi/(min« sqm), 517 + 26 552+ 23 | 587 + 27 665 + 28 
_ Oxygen consumption, | s 
mi/(min*e sqm) | 175+8 183 +8 183 +9 218 +49 
Oxygen extraction 
i ratio, % 37 +2 36+ 2 32=3 26+5 
+ emoglobin concen- 
| tration, gm/100 ml AILI EAS l 10.2 = 0.3 9.5 + 0.3 









E y = * Values are expressed as mean plus or minus standard error of mean. : 4 i 
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have substantial cireulatory abnormalities and may still 
be hemodynamically unstable; (2) the increased cardiac 
output in these conditions probably represents increased 


_ cardiorespiratory drive from the stress of the precipi- 


tating etiologic events, as well as increased circulatory de- 
mands from increased metabolic requirements"; (3) there 
are increased oxidative metabolism and metabolic re- 
quirements during the poststress periods of shock and 
trauma states; and (4) the increased oxygen consumption 
values in the control period prior to dextran adminis- 
tration do not imply that optimal oxygen transport ex- 
isted in the control period. Indeed, the increase in oxygen 
consumption after dextran 40 administration suggests 
that patients required even more than that of their pre- 
infusion control period. 

Dextran 40 produced greater hemodynamic effects in 
the critically ill patients than in the normal volunteer sub- 
jects. A major effect of dextran is that of hemodilution 
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from plasma volume expansion; the hemodynamic effects ' 
appear to be related to the degree of plasma expansion 
produced by the agent. The pressure-flow responses’ are 
greater in the ill patients; that is, there were greater in- 
creases in the blood volume in the critically ill postshock 
patient after dextran 40 infusion. 

The effects of dextran 40 on oxygen transport are not 
entirely explicable in terms of plasma volume expansion 
and hemodilution. Although plasma expansion improves 
cardiac output and blood volume, a substantial part of the 
beneficial action of this agent may be attributed to its ca- 
pacity to enhance perfusion at the tissue level and to dis- 
aggregate red blood cells. 


Nonproprietary Names and 
Trademarks of Drugs 


Dextran 40—Rheomacrodex. 
Dextran 70—Macrodec. 
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Survivors’ and Nonsurvivors’ Responses 


to Dextran 40 


Hemodynamic and Oxygen Transport Changes 


in Critically Ill Patients 


Hiroharu Matsuda, MD, William C. Shoemaker, MD 


Cardiorespiratory effects of dextran 40 administration were mea- 
sured and compared retrospectively in 74 surviving and 73 nonsur- 
viving critically ill patients. In the preinfusion control period, the sur- 
vivors had higher mean arterial pressures and blood flow with lesser 
blood volume deficits. Dextran significantly improved pressure, 
blood flow, blood volume, oxygen transport, and derived calculations 
in both groups, but the average cardiorespiratory responses to dex- 
tran were somewhat greater in nonsurvivors than in survivors. About 
two thirds of the patients responded to dextran with significantly in- 
creased oxygen consumption (P < .05), suggesting that this agent 
improved oxygen transport by its rheologic effects on the micro- 
circulation. The cardiorespiratory effects of dextran were slightly 
greater in the patients who ultimately died; nevertheless, the salu- 
tary cardiorespiratory response did not reverse the clinical course in 
nonsurvivors, whose perfusion defect apparently had reached ir- 
reversible proportions prior to the administration of the drug. 


“trial of therapy” often is given to a patient when 

the diagnosis is ill-defined, when there is no specific 
therapy, or when the clinical condition is obscured by mul- 
tiple complications. When therapeutic agents with known 
pharmacologic or physiologic effects are given, two dis- 
tinctly different types of information may be forthcom- 
ing: the clinical effectiveness of the agent may be ob- 
served and the response may be viewed in terms of the 
interrelationship of the therapeutic action with the al- 
tered physiologic state.t However, the effects of a given 
therapeutic agent should be evaluated on the background 
of the natural history of the disorder. 
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Sequential physiologic alterations observed remote 
from therapy have been used to identify the cardio- 
respiratory patterns of various etiologic types of shock.” 
In general, patients who have shock after operations for 
life-threatening illnesses were observed to have hypoten- 
sion with normal or high cardiac index unless limited by 
hypovolemia or myocardial function; oxygen consumption 
diminished in the early period before the initial hypoten- 
sive episode and increased in the middle period.’ The ini- 
tial decreases in oxygen consumption and the subsequent 
compensatory increases were greater in the nonsurvivors 
as compared with the survivors.’ 

In our companion study (see page 296), the cardio- 
respiratory effects of 500 ml of dextran 40 given to crit- 
ically ill patients were compared with the effects in nor- 
mal, unstressed subjects. In general, the hemodynamic 
responses were appreciably greater in the ill patients. In 
the present study, the effects of dextran in the surviving 
patients are compared with those of patients who subse- 
quently died, in an effort to determine if there were qual- 
itative or quantitative differences in the physiologic re- 
sponses in the two groups. Preliminary studies in a small 
group of patients suggested that the changes in oxygen 
transport after therapeutic agent reflect changes in per- 
fusion of peripheral tissues.‘ | 


SUBJECTS AND METHODS 


Cardiorespiratory studies were conducted on 178 occasions in 
147 critically ill patients who were given 500 ml dextran 40 over a 
one-hour period. The clinical data, protocol, and analytical meth- 
ods are described in the companion study (see page 296). 

Oxygen transport measurements were complete in 96 studies on 
78 patients. The patients were grouped operationally according to 
the degree of their oxygen consumption response to therapy, and 
the responses of survivors and nonsurvivors within each of these 
three groups were compared. The oxygen consumption increased 
16 ml/(min + sq m) or more in 63 studies on 50 patients (group 1); it 
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Table 1.—Comparison of Hemodynamic Responses of Survivors and Nonsurvivors to Dextran 40 














q E Control During Dextran 40 Infusion After Dextran 40 Infusion Maximal Response * 
pe Ta Survivors Nonsurvivors Survivors Nonsurvivors Survivors Nonsurvivors Survivors Nonsurvivors 
= į Cardiac index, 
A- ae liters/(mine sqm) 3.64 +0.15 3.34+0.20 440+0.18 4.36+0.25 4.50+0.16 4660.30 5.21+0.21 5.30+0.31 
| Heart rate, | 

‘ta beats per minute 1053 115 £4 102 +2 113 =3 103 +2 115 +4 97 E2 109 +3 

= | Mean arterial | | 

pressure, mm Hg 85 +2 74+3 90 +2 82+3 90+3 79+3 95+2 88+3 





Central venous 
st pressure, cm H,O 4.1.0.7 4.2+0.8 8.2+0.7 8.7. 2.1 8.5+0.8 8.5+1.2 11.4 + 0.8 125412 
= | Mean transit 
Be | time, sec 15.1 + 0.4 17.5 £ 0.9 13.9 0.5 15.8 + 0.8 13.4 + 0.4 15.3+0.8 12.3+0.4 13.6 + 0.5 
i Systemic vascular 
; resistance, (dyne « 
AR sec)/(cm5 « sq m) 1,999+74 1,995+130 1,689+66 1,609+104 1,628+66 1,460 +83 1,396+60 1,230 + 63 

















Em Central blood 
kn volume, mi/sqm 856+26 846+32 944+31 990+35  945+29 1,021+42 1,077+39 1,206 +51 
= į Stroke index, 
44 =  mil/sqm 37 <2 30 =2 45+=2 392 45+2 41+3 533 47 £3 
P Left ventricular 
o. stroke work, 
a X gm » meter/sq m 43 +3 313 554 45+4 563 46+=4 66+ 4 5524 
| Left cardiac 
“ae work, kg + meter/ 
my sqm 4.21=0.22 3:51 +0.29. 5.42 +£ 0.3 5.04 + 0.39 . 5.54 +0.24 5.33+0.47 6.57 +£0.34 6.24+0.4 
= Mean pulmonary 
-~ arterial pressure, 
- Sas mm Hg T82 16 £3 26 £3 22 £5 25=3 23 =6 25 £5 
he Pulmonary vascular 
s resistance, (dyne « 
aS sec)/(cm5 e sqm) 275+29 343 + 24 269 + 33 222 + 14 236 + 32 242+ 30 181 + 28 182 + 23 


Right ventricular 
_ stroke work, 
gm « meter/sq m 8.81.1 6.5 = 1.7 13.5: 2:2 13.3 =.3.4 12.7 £=1.5 13.1 = 5.1 16.2= 1:9 16.6 + 3.8 
Right cardiac 
work, kg « meter/ 
| sqm 0:99 340.13 0.80+0.23 1.51 +0.25 1.52 +0.39 1.4220.7 1.62 +0.60 1.82 +0.22 1.84+0.44 
= į Red cell deficit, 



































AT ml/sqm =309-£30 -295 £58  —334 +49 -3402+47 -387+59 -390+75 -307=48 TIISE 
= | Blood volume 
c deficit, mi/sqm  —307 +72  —268 + 130 —105= 102 —142 +113 +32 + 98 +31 +105 > 
i 
i E 
r ? Table 2.—Comparison of Oxygen Transport Responses of Survivors and Nonsurvivors to Dextran 40 
a Control During Dextran 40 Infusion After Dextran 40 Infusion Maximal Response 
—" ee a a an a TT 
E Survivors Nonsurvivors Survivors Nonsurvivors Survivors Nonsurvivors Survivors Nonsurvivors 
A 3 Arterial pH 7.440.008 7.41+0.02 7.44+0.008 7.39+0.02 7.46+0.007 7.40+0.02 7.46+0.007 7.37+0.02 
E Arterial Po,, torr 92 + 6.3 87 + 10 86 +4 82 £7 97 + 9.1 86 +9 109 + 11.5 98+11 
a Arterial Pco,, torr 31 + 0.9 32+ 1.8 32 £ 0.9 33 +£ 2.0 3121.1 IB LLZ 33.721.2 37 12.2 
JA Hemoglobin 
i saturation, % 95+ 0.5 91 + 1.8 95 + 0.5 961.7 95+ 0.8 89+ 2.1 96+0.4 92+ 1.6 


Arterial oxygen 

content, ml/100 

ml 14.4+0.4 1I38+0.8 12.8 50.4 124 £0.6. 12.5204 1..226;7 12.1t04 10.8 + 0.7 
| Arteriovenous oxygen 
< content difference, 

-ml/100 ml aah7 == 0.3 6.4 + 0.6 4.1 £0.3 5.3 £0.4 3.7 E02 4.5 + 0.4 3.3. £03 4.0 + 0.3 
Oxygen availability, e 
mi/(mine sqm) 531+31 471+ 46 554+ 23 539+ 55 599 + 33 560 + 52 673: + 33, 645+576 

Oxygen consumption, 











By mi/(mine sqm) 162+8 200 + 17 169+9 210 +18 167+11 218 + 17 204 + 10 247+ 18 
4 Oxygen extraction, % 33+2 47+4 33. =2 43 <3 28 £2 42+3 36 £2 ME CEE F 
Hemoglobin concen- l i ; e ' 


tration, gm/100 
mi 








. 
11.1+0.3 11.3 +0.5 10.1 +0.3 102+0.4 9.7 + 0.3 9.5 + 0.3 9.3 + 0.4 
ÁA i i vi \ : ; > , Š 
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was relatively unchanged in 21 studies on 18 patients (group 2); 
and it decreased 16 ml/(min + sq m) or more in 12 studies on ten 
patients (group 3). 


RESULTS 


Tables 1 and 2 compare the hemodynamic and the oxy- 
gen transport responses to dextran 40 in surviving and 
nonsurviving patients. The average values (plus or minus 
the standard error of the mean [SE]) for the control pe- 
riod, the period during dextran infusion, and the period 
after infusion, as well as for the time of the peak of the 
response are shown for both survivors and nonsurvivors. 
The time courses of these variables are illustrated in Fig 
1 and 2. 


Hemodynamic Responses 


In the control period before administration of dextran 
40, the mean arterial pressure of the survivors was 
slightly higher than that of nonsurvivors. In general, the 
mean arterial pressures rose during dextran 40 infusion in 
both groups; they remained higher than control values in 
the survivors. The pressures returned toward control val- 
ues in the nonsurvivors about two hours after the begin- 
ning of the infusion (Fig 1). 

- In both groups, cardiac index increased about 50% after 
dextran 40 administration and remained high throughout 
the period of observation. The average responses were 
slightly higher in nonsurvivors (Fig 1). 

The mean control central venous pressure of survivors 
and nonsurvivors was quite similar. During and after ad- 
ministration of dextran 40, the values of the nonsurvivors 
rose more than did those of the survivors, but the mean 
values of both groups did not increase above 12 cm saline 
(Fig 1). 

Although the control central blood volume values of the 
two groups were similar, the increase during and after 
dextran was greater in the nonsurvivors (Fig 1). 


Responses of Oxygen Transport and 
Acid-Base Variables 


In the control period, the mean arterial oxygen satura- 
tion values of survivors were higher than those of non- 
survivors. The values of the survivors were better main- 
tained during and after dextran 40 infusion. The mean 
arterial oxygen content values fell progressively with the 
hemodilution of plasma expansion by the dextran 40 infu- 
sion (Fig 2). 

The control arteriovenous oxygen content difference 
values of survivors were lower than those of the nonsurvi- 
vors. The values of both groups decreased progressively 
during and after dextran 40 infusion (Fig 2). 

The mean control arterial pH values of the survivors 
were slightly higher than those of nonsurvivors. During 
ang after adminjstration of dextran 40, the values of both 
groups were relatively well maintained (Fig 2). 

The mean arterial carbon dioxide pressure (Pco,) values 
of both groups ranged about 30 to 33 mm Hg before, dur- 
ing, and after the administration of dextran 40, except for 
occasional periods in the nonsurvivors (Fig 2). 
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Fig 1.—Time course of cardiac index, mean arterial pressure, cen- — 
tral venous pressure, and central blood volume values before, dur- 
ing, and after administration of 500 ml dextran 40 over one-hour 
period. Note slightly lower control values, particularly arterial pres- 
sures, of nonsurvivors; however, responses of nonsurvivors were as 
great, or somewhat greater, than those of survivors. 


30 45 60 90 


In the survivor group, oxygen availability gradually in- 
creased during and after the administration of dextran 
40. The pattern in nonsurvivors was similar, but there 
was more variability throughout the period of observation 
(Fig 2). 

In nonsurvivors, the control oxygen consumption values 
were higher than those of the survivors. Oxygen consump- 
tion tended to rise appreciably during and immediately 
after the administration of dextran 40 in both groups 
(Fig 2). 


Patterns of Oxygen Consumption Responses 


When the responses of the critically ill patients were ex- 
amined individually, it was apparent that there were 
three different patterns of responses. That is, 64% of the 
patients responded with substantial oxygen consumption 
increases (group 1), 28% had no appreciable change (group 
2), and 18% had decreased oxygen consumption (group 3). 
Table 3 gives the mean arterial pressure, flow, blood vol- 
ume, and oxygen consumption values for the survivors 
and nonsurvivors of these three groups during the pre- 
infusion control period; these values are compared with 
the maximum values after infusion of 500 ml dextran 40 
infusion. 
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. COMMENT 


In the control period, prior to infusion of 500 ml dextran 
40, the mean cardiorespiratory values of the nonsurvivors 
. were appreciably, worse than those of the survivors. How- 
= ever, the cardiorespiratory responses of the nonsurvivors 
- were qualitatively similar and, in general, were quantita- 
tively greater than those of the survivors. Despite the 
greater cardiorespiratory responses of the nonsurvivors, 
their clinical course deteriorated, presumably because the 
greater degrees of stress or less reserve capacities had al- 
ready produced irreversibility. 

Dextran 40 was administered on 63 occasions to 50 
group 1 patients who responded with appreciable in- 
creases in oxygen consumption. Of this group, 34 patients, 
or 68%, survived, eight patients (16%) were treated in the 
early period; 25 patients (50%) had severe degrees of shock 
as manifest by mean arterial pressure values below 50 mm 
Hg at the lowest period. Two patients had hemorrhagic 
shock, seven uncomplicated septic shock, eight compli- 
cated septic shock, three had accidental trauma without 
blood loss, ten had accidental trauma with blood loss, 12 
were postoperative patients, three had severe burns, four 

~ had cardiac tamponade from penetrating chest injuries, 

~ andone had frostbite. 

- In the control period prior to administration of dextran, 
the group 1 survivors had greater mean arterial pressure, 
cardiac index, arterial pH, and oxygen availability than 
did the nonsurvivors. This suggests that the control pre- 
infusion hemodynamic status of the group 1 survivors was 
better than that of the nonsurvivors. However, the aver- 
age control oxygen consumption rate of the survivors was 
less than that of the nonsurvivors, but greater than the 
normal for unstressed subjects. Previously, we have shown 
that nonsurvivors had lower oxygen consumption than the 
normal subjects in the early period of shock, and the sub- 
sequent compensatory increase in oxygen consumption in 
the middle period was greater than that of the survi- 
vors.** The data of the present series indicate that the 

average oxygen consumption of survivors was greater 
than the normal unstressed subjects, but not as great as 
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Fig 2.—Arterial pH, arterial oxygen content, arterial-venous oxy- 
gen content differences, oxygen availability (product of arterial oxy- 
gen content and cardiac index), and oxygen consumption before, 
during, and after dextran 40 infusion. Note survivors’ control pH, 
arterial oxygen content, and oxygen availability were greater than 
those of nonsurvivors, but survivors arteriovenous oxygen content 
difference and oxygen consumption were less. In survivors, avail- 
able oxygen and oxygen consumption increased gradually during 
and after infusion of dextran 40 and, although more variable, re- 
sponses of nonsurvivors were as great, or slightly greater, than 
those of survivors. 


Table 3.—Pressure, Flow, and Volume Changes According to Oxygen Consumption Responses 


Group 1 
(Increased Oxygen 
Consumption) 


Control After 


Survivors 82 
Nonsurvivors 73 
Total 79+2 


Survivors 3.82 k 
Nonsurvivors 3.73 5.54 
Total 3.79 + 0.24 


—462 a 


Mean arterial 
pressure, mm Hg 


Cardiac index, 
liters/(min » sq m) 


Blood volume Survivors 
deficit or excess, Nonsurvivors —572 —231 
mi/sq m* Total —492 + 81 

Oxygen consumption, Survivors 159 231 
mi/(min «sq m) Nonsurvivors 165 247 

Total 161 +8 


5.59 +0.9 
—108 + 135 


237 +9 





Group 2 
(No Change in Oxygen 
Consumption) 


Group 3 
(Decreased Oxygen 
Consumption) 


4.37 6.78 3.81 

3.98 + 0.3 565+0.4  358+0.4 
—140 —80 —500 

in ra —602 
1163+131 —21+154 —514 + 149 
154 154 237 

214 219 274 

169 +16 170 +18 256 + 12 


—253 S 


—74 + 264 








' those of the nonsurvivors; therefore, the tissue oxygen re- 
_ quirements of the survivors were greater than normal, but 
les’ than those of the nonsurvivors. 

After dextran 40 administration, survivors of group 1 
had greater increases in mean arterial pressure, oxygen 
saturation, and arterial pH than did the nonsurvivors. 
However, there were similar increases in cardiac index, 
central blood volume, arterial Pco,, arterial oxygen con- 
tent, available oxygen, and oxygen consumption values in 
response to dextran by both groups. Dextran 40 improved 
arterial pressure, flow, blood volume, and oxygen con- 
sumption in each of the patients of group 1. The appre- 
ciable increase in oxygen consumption indicates that this 
drug enhanced oxygen transport, presumably from im- 
_ proved capillary and small vessel flow. The improved tis- 
sue perfusion may have benefited both survivors and non- 
survivors, but the deteriorated cardiorespiratory status of 
the nonsurvivors in the control period was not reversed by 

the dextran. 
= The oxygen consumption remained essentially un- 


: 4 changed when dextran 40 was given 21 times to the 18 pa- 


tients in group 2. Thirteen of these patients (72%) sur- 
vived, five died in unremitting shock, being unresponsive 
to all forms of therapy. Eight, or 44%, were treated in the 
early period, ten were treated in the middle and late peri- 
ods. Eight, or 44%, had severe hypotension, with mean ar- 
terial pressures below 50 mm Hg. Three had uncompli- 
cated and one had complicated septic shock, four had 
accidental trauma, seven were postoperative, one sus- 
tained a major body burn, and two had cardiac tamponade 
from penetrating chest injuries. In this group, the control 
preinfusion blood volume deficit was less than that of 
group 1, but dextran 40 administration produced roughly 
comparable improvement in mean arterial pressure, car- 
diac index, and blood volume to that of group 1. 

The data of nonsurvivors may be interpreted as indicat- 
ing that the perfusion defect had reached irreversible pro- 
portions and the dextran therapy was ineffectual in im- 
proving tissue perfusion and oxygen transport. These 
patients who had severe shock and were treated rather 
late in the course of events may represent instances of se- 
vere irreversible perfusion defects not responding to vol- 
ume loading by dextran or to other therapy. The 13 surviv- 
ing patients in this group all had normal or high oxygen 
consumption rates in their control period. The pronounced 


F - 
' o 
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pressure, flow, and volume response'in the face of no oxy- 
gen consumption response to dextran suggests that a per- 


fusion defect may have been absent or minimal in these - 


patients. i 


Oxygen consumption decreased appreciably after dex- ; 


tran 40 infusion on 12 occasions to the ten patients in 
group 3; all but one were treated in the middle or late pe- 
riod and four had severe hypotension, ie, below 50 mm Hg. 
One had hemorrhagic shock, two septic shock, four were 
postoperative, one had a major body burn, one had acci- 
dental trauma with blood loss, and one had a closed head 
injury. Of the ten patients, four died in profound shock 
that was unresponsive to all therapeutic endeavors. 

The average control mean arterial pressures were lower 
than the other two groups, but the increases after dextran 
administration were greater. After dextran 40 infusion, 
there were slightly lesser increases in the cardiac index 
than in the other two groups. The blood volume deficit in 


the control period and the increase after dextran was com- 


parable to that of the group 1 patients. Decreased oxygen 
consumption in the patients who died probably represents 
continued deterioration of tissue perfusion, which was not 
influenced by the therapy. The six patients in this group 
that survived also had high oxygen consumption rates in 
their control period; the decrease during and after dex- 
tran infusion is difficult to explain but may be interpreted 
as a reduction in oxygen requirements as the patient’s 
general condition spontaneously improved. 


Nonproprietary Name and 
Trademark of Drug 


Dextran 40—Rheomacrodex. 
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d 16 years of use inthe United States, | 
FLUOTHANE (halothane) has been ad- ; 
ministered over 100 million times in a wide 
variety of surgical procedures. 100 million 
...extensive usage and evaluation that 3 
attests to FLUOTHANE as the most widely - 
used inhalant anesthetic. 

Since it was first introduced, over 
4,000 papers worldwide have been pub- ' 
lished, ranging from review articles to 
in-depth studies. 4,000 papers... 

a bibliographic record of note on the most 
widely used inhalant anesthetic. 

Ina continuing program of informa- 
tional services on anesthesiology, Ayerst 
provides printed and audiovisual aids 
reflecting the opinions and experiences of 
recognized authorities in the field. These 
include the highly regarded series on d 
Anesthesia Rounds and Clinical Aspects of 
Anesthesiology, as well as several films of 
educational value—all available through 
your Ayerst Representative. 


FLUOTHANE (HaLoTHANE) 
„OVER 100 MILLION 
ADMINISTRATIONS 


@ nonflammable, nonexplosive 

@ permits use of high concentrations of 
oxygen 

@ allows free use of cautery for more 
adequate control of bleeding 

@ minimal odor facilitates smooth, rapid 
induction, reduces patient distress 

@ early obtundation of pharyngeal and 
laryngeal reflexes facilitates intubation 

@ lessens airway problems 
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s ; @ permits rapid adjustment of depth of 
; anesthesia 
@ emergence is rapid and tranquil with 
Ss quick recovery of protective reflexes 


@ minimal nausea and vomiting, shorter 
recovery room stay 


Ae A ft See last page of advertisement 
ot FA $| for prescribing information. 






f brand of halothane 


= the most widely used 


Py 


inhalant anesthetic 


from 


for precision, experience, 
quality, and service 





= (Complete text of package circular.) 
p E asoripun, FLUOTHANE, brand of halo- 


_ thane, 


is an inhalation anesthetic. It is 
E2. bromo-2-chloro-1, 1, 1-trifluoroethane 
_ and has the following structural formula: 


F Br 
A 





Cl 


F—— c — cC 
F H 


The specific gravity is 1.872-1.877 at 
_ 20° C., and the boiling point (range) is 
49° C. ‘51° C. at 760 mm. Hg. The vapor 
pressure is 243 mm. Hg at 20° C. The 
- blood/ gas coefficient is 2.5 at 37° C., and 


a Be olive oil/ water coefficient is 220 at 
= 37° C. Vapor concentrations within anes- 


4 thetic range are nonirritating and have a 


as pleasant odor. FLUOTHANE is nonflam- 
= mable, and its vapors mixed with oxygen 
in proportions from 0.5 to 50 per cent 


= (v/v) are not explosive. 
SS 


FLUOTHANE does not decompose in 


= contact with warm soda lime. When mois- 
= ture is present, the vapor attacks alumi- 


x 


num, brass, and lead, but not copper. 


-= FLUOTHANE is soluble in rubber, some 


plastics, and similar materials; such ma- 


= terials will deteriorate rapidly in contact 


R 
DA 


d = addition of 0.01 per cent thymol (w/w), 


= with FLUOTHANE vapor or liquid. Stabil- 
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ity of FLUOTHANE is maintained by the 


and storage is in amber colored bottles. 

FLUOTHANE should not be kept indefi- 
nitely in vaporizing bottles not specifically 
designed for its use. It is recommended 


- that vaporizers be emptied at the end of 


= each operating cay. Thymol does not vol- 
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atilize along with FLUOTHANE, and there- 


_ fore accumulates in the vaporizer, and 
‘% may, in time, impart a yellow color to the 


remaining liquid or to wicks in vaporizers. 
The development of such discoloration 
may be used as an indicator that the va- 


-porizer should be drained and cleaned, 


and the discolored FLUOTHANE (halo- 
thane) discarded. Accumulation of thy- 


mol may be removed by washing with 


-diethyl ether. After cleaning a wick or 
vaporizer, make certain all the diethyl 
ether has been removed before reusing 
the equipment to avoid introducing ether 
into the system. 


= Actions. FLUOTHANE is an inhalation 
= anesthetic. 


Induction and recovery are 
rapid and depth of anesthesia can be 
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rapidly altered. FLUOTHANE progres- 
sively depresses respiration. There may 
be tachypnea with reduced tidal volume 
and alveolar ventilation. FLUOTHANE is- 
not an irritant to the respiratory tract, 
and no increase in salivary or bronchial 
secretions ordinarily occurs. Pharyngeal 
and laryngeal reflexes are rapidly ob- 
tunded. It causes bronchodilation. Hy- 
poxia, acidosis, or apnea may develop 
during deep anesthesia. 

FLUOTHANE reduces the blood pres- 
sure, and frequently decreases the pulse 
rate. The greater the concentration of the 
drug, the more evident these changes 
become. Atropine may reverse the brady- 
cardia. FLUOTHANE does not cause the 
release of catecholamines from adrener- 
gic stores. FLUOTHANE also causes dila- 
tion of the vessels of the skin and skeletal 
muscles. 

Cardiac arrhythmias may occur during 
FLUOTHANE anesthesia. These include 
nodal rhythm, AV dissociation, ventricular 
extrasystoles and asystole. FLUOTHANE 
sensitizes the myocardial conduction sys- 
tem to the action of epinephrine and 
norepinephrine, and the combination 
may cause serious cardiac arrhythmias. 
FLUOTHANE increases cerebral spinal 
fluid pressure. FLUOTHANE produces 
moderate muscular relaxation. Muscle 
relaxants are used as adjuncts in order to 
maintain lighter levels of anesthesia. 
FLUOTHANE augments the action of non- 
depolarizing relaxants and ganglionic 
blocking agents: FLUOTHANE is a potent 
uterine relaxant. 

Indications. FLUOTHANE (halothane) is 
indicated for the induction and mainte- 
nance of general anesthesia. 
Contraindications. FLUOTHANE should 
be avoided when a previous exposure was 
followed by fever and jaundice, or when 
there was an unexplained postoperative 
fever. 

FLUOTHANE is not recommended for 

obstetrical anesthesia except when uter- 
ine relaxation is required. 
Warnings. FLUOTHANE should be used in 
vaporizers that permit a reasonable ap- 
proximation of output, and preferably of 
the calibrated type. The vaporizer should. 
be placed out of circuit in closed circuit 
rebreathing systems; otherwise overdos- 
age is difficult to avoid. The patient 
should be closely observed for signs of 
overdosage, i.e., depression of blood pres- 
sure, pulse rate, and ventilation, particu- 
larly during assisted or controlled ventila- 
tion. 

Usage in Pregnancy: Safe use of 

FLUOTHANE has not been established 
with respect to possible adverse effects 
upon fetal development. Therefore, 
FLUOTHANE should not be used in 
women where pregnancy is possible and 
particularly during early pregnancy, un- 
less, in the judgment of the physician, 
the potential benefits outweigh the un- 
known hazards to the fetus. 
Precautions. Cirrhosis or other abnormal- 
ities involving liver dysfunction, including 
a history of viral hepatitis, may be a 
basis for selecting añ anesthetic other, 
than a halogenated agent. 
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The uterine relaxation obtained with . 


FLUOTHANE, unless carefully controlled, 
may fail to respond to ergot derivatives 
and oxytocic posterior pituitary extract. 

FLUOTHANE increases cerebrospinal 
fluid pressure. Therefore, in patients with 
markedly raised intracranial pressure, if 
FLUOTHANE is indicated, administration 
should be preceded by measures ordin- 
arily used to reduce cerebrospinal fluid 
pressure. Ventilation should be carefully 
assessed, and it may be necessary to as- 
sist or control ventilation to insure ade- 
quate oxygenation and carbon dioxide 
removal. 

Epinephrine or norepinephrine should 
be employed cautiously, if at all, during 
FLUOTHANE (halothane) anesthesiasince 
their simultaneous use may induce ven- 
tricular tachycardia or fibrillation. 

Nondepolarizing relaxants and gangli- 
onic blocking agents should be adminis- 
tered cautiously, since their actions are 
augmented by FLUOTHANE. 

Adverse Reactions. The following adverse 
reactions have been reported: hepatic 
necrosis, cardiac arrest, hypotension, 
respiratory arrest, cardiac arrhythmias, 
hyperpyrexia, shivering, nausea, and 
emesis. 

Dosage and Administration. FLUOTHANE 
may be administered by the nonrebreath- 
ing technic, partial rebreathing, or closed 
technic. The induction dose varies from 
patient to patient. The maintenance dose 
varies from 0.5 per cent to 1.5 per cent. 
How Supplied. No. 3125—Unit packages 
of 125 cc. and 250 cc. of halothane sta- 
bilized with 0.01% thymol (w/w). 
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AYERST LABORATORIES 


Ayerst New York, N.Y. 10017 * 


F LUOTHANE® (halothane) is available 
in the United States*by arrangement with 
Imperial Chemical Industries Ltd. 7317 
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= Experimental Surgery 


Compensatory Hypertrophy 


of the Ileum After 


Gastroduodenojejunal Exclusion 


M. David Tilson, MD; Thomas Sweeney, MD; Hastings K. Wright, MD 


One theory of compensatory hypertrophy of the gut suggests that 
ileal growth after jejunectomy results from exposure of the ileum to 
villus-enlarging factors emanating from the papilla of Vater. This hy- 
pothesis was tested by examination of the ileum after bypass of pan- 
creatobiliary secretions to the colon. Hypertrophy of the ileum oc- 
curred after esophagoileostomy and gastroduodenojejunal exclusion, 
suggesting that adaptive growth of the gut depends on additional 
factors. There is evidence to support several theories of compensa- 
tory hypertrophy. A hypothesis seeking to reconcile the conflicting 
notions of intraluminal and hormonal stimuli is suggested. 


ioe mechanism by which compensatory hypertrophy of 
an intestinal remnant is initiated after partial enter- 
ectomy has become increasingly controversial. One the- 
ory is that endogenous intraluminal factors in pancre- 
atobiliary secretions have a villus-enlarging effect that 
reaches the ileum after resection of jejunum.: We have re- 
peated some of the experiments supporting this hypothe- 
sis and have confirmed some of the basic observations. 
However, the most rigorous test of the hypothesis would 
be to investigate the fate of ileal villi after esoph- 
agoileostomy, with total diversion of pancreatobiliary se- 
cretions to the colon. The following experiment was per- 


formed to study this model and to determine whether 


exocrine pancreatobiliary secretions are an absolute re- 
quirement for adaptive growth. 
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METHODS 

Male Sprague-Dawley rats weighing approximately 300 gm 
were placed in experimental (nine), sham-bypassed (five), and con- 
trol (six) groups. The experimental animals underwent division of 
the small bowel at its midpoint and division of the gastroesopha- 
geal junction above a ligature of silk. The lumen of the proximal 
part of the small bowel was then anastomosed end-to-end to the 
cecum (Fig 1). The sham group underwent simple division and 
anastomosis of the small intestine at its midpoint. The control 
group was not operated on and was maintained under similar en- 
vironmental conditions. The operations were carried out under 
pentobarbital sodium anesthesia (5 mg/100 gm), and the anasta- 
moses were performed with interrupted sutures of 6/0 silk. 

Two weeks postoperatively the animals were killed, and biopsy 
specimens were taken at the following distances from the ileocecal 
junction: 35 cm, 25 cm, 15 cm, and 5 em. Villus height and cell 
count were determined by a previously described method? after 
the histological preparations had been coded to eliminate observer 
bias. Statistical significance was determined by a Student ¢ test, 
and a regression analysis was carried out by the method of least 
squares. 


RESULTS 


The height of experimental ileal villi was increased 
from 2% to 25% over the heights of sham and control villi 
at the four biopsy sites. The significance of the differences 
at each site is indicated by the value of Pin Table 1, which 
is based on t-testing of the mean heights as shown in 
Table 2. The villus cell counts were similarly increased up 
to 26% as indicated in Table 3, with values of P ranging 
from <.05 to <.001 when t-testing showed significant dif- 
ferences in the means presented in Table 4. 

There was a linear regression of increasing villus length 
with distance from the ileocecal junction. For experimen- 


tal ileum, villus height (u/10) measured from the ileocecal 
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| Table 1.—Percentage Increase of Villus Length of 
Experimental With Respect to Sham and Control 
lleal Specimens 







Site of Biopsy 
(Centimeters From 
lleocecal Junction) 


Sham Control 








35 6 (NS) 11 (P <.05) 
25 17 (P <.05) 16 (P <.001) 
15 7 (NS) 7 (NS) 


2 (NS) 25 (P <.001) 
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Table 3.—Percentage Increase of Villus Cell Count of 
Experimental With Respect to Sham and Control 
lleal Biopsy Specimens 


re 


ae, 


SHITE 





Site of Biopsy 
(Centimeters From 
lleocecal Junction) Sham Control 
35: 26 (P <.001) 7 (P <.05) 
25 6 (P <.05) 8 (P <.01) 
15 3 (NS) —7 (NS) 
5 —7 (NS) 20 (P <.001) 





junction was 45.8+ 1.8 cm (standard deviation), with 
r=.93; whereas villus height of normal ileum was 
37.2 + 1.6 cm, with r=.96. In other words, there is a highly 
significant regression of villus height with an aboral 
= gradient, and the slopes are not significantly different for 
= experimental versus normal animals. However, the con- 
stant a is significantly greater in the experimental ani- 
mals. 


COMMENT 


a Theories of the initiation of compensatory hypertrophy 
= have polarized into two seemingly irreconcilable points of 
view.’ Figure 2 indicates that there are two broad cate- 
gories, one emphasizing intraluminal stimuli and the 
other emphasizing hormonal influences. Each of these 
categories has two subdivisions. Among the intraluminal 
theories, Dowling and Booth have supported the view that 
nutritional elements in the diet (exogenous factors) play 
the stimulating role, while Altmann and LeBlond first 
emphasized the importance of pancreatobiliary secretions 
(endogenous factors). Among the hormonal theories, 
Weiss and Kavanau proposed that there was loss of hor- 
monal inhibition for growth due to loss of tissue mass,’ 
while Loran and Crocker proposed that there was a hor- 
monal stimulus.: The results of the present experiment 
are relevant to these theories. 


INTRALUMINAL THEORIES 


The theories of exogenous and endogenous stimuli have 
certain features in common. There is a linear decrease in 
the length of small intestinal villi from the ligament of 
Treitz to the ileocecal junction,’ suggesting that a villus- 
enlarging factor enters the intestine proximally to ac- 
count for the aboral gradient. This observation is con- 
firmed by the regression analysis in the present study. 
Furthermore, if the jejunum and ileum are transposed, 
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Table 2.—Villus Height of Experimental, Sham, and 
Control Biopsy Specimens 








Site of Biopsy Villus Length + SE, „/10 






(Centimeters From 
lleocecal Junction) Experimental Control Sham 
35 56.3+3.3 530+20 506+2.3 
25 52.7+3.0 4504.0 45.3+1.7 
15 47.5+2.5 44.2+2.3 444+2.5 
47.8+1.7 





46.7+ 1.3 38.2+1.4 


Table 4.—Villus Cell Counts for Biopsy Specimens From 
Experimental, Sham, and Control Animals 


Site of Biopsy Villus Cell Count (= SEM) 


(Centimeters From 
Sham 


274 +15 
223 £17 
226 + 12 
187 + 14 


Control 
234 = 15 
226 ='1} 
204+13 
241 £12 


lleocecal Junction) Experimental 
293 = 12 
241 +12 
211 £7 
223 +8 


the ileal villi elongate and the jejunal villi shrink. It has, 
therefore, been proposed that the models of ileal hyper- 
trophy after jejunectomy and after transposition are 
identical in principle. | 
However, the theories of exogenous and endogenous in- 
traluminal stimulation have certain problems in common. 
First, ileal villi may grow longer than jejunal villi after 
resection of the midgut,’ a consequence that would not be 
anticipated if the sole stimulus entered the lumen proxi- 
mally. Second, compensatory hypertrophy has been ob- 
served in an infant distal to an intestinal atresia, under 
which circumstances a proximal factor could not reach the 
hypertrophied segment.’ This observation has now been 
confirmed in multiple neonates. Third, two weeks after 
jejunectomy, hypertrophy of the villi has been observed in 
a defunctionalized ileal remnant, although the hyper- 
trophy was not as pronounced as in the functional ileal 
remnant.” Fourth, ileal hypertrophy has been observed af- 
ter resection downstream (eg, colectomy), which would not 
a priori be expected to alter the input of villus-enlarging 
factors upstream.” 


Exogenous Intraluminal Nutrition 


After efforts to induce intestinal hypertrophy by bulk- 
loading the diet with kaolin and other inert substances 
had been unsuccessful, Dowling and Booth proposed that 
the nutritional elements in the diet played the most im- 
portant role.‘ This concept had been considered by Fell 
and coworkers in 1963.” In support of this notion are the 
following observations: First, hyperphagia in rats with al- 
loxan diabetes, hypothalamic lesions," ‘and lactation® is 
associated with villus hypertrophy. Second, Feldman and 
co-workers have reported that the villi shrink after je- 
junectomy if the experimental animal is supported enly 
by intravenously administered nutrition, whereas hyper- 
trophy develops in orally fed animals.’ On the other hand, 
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Fig 1.—Experimenta! preparation: division of midgut and distal 
part of esophagus, with ligation of distal lumen of esophagus, jeju- 
nocecostomy, and esophagoileostomy. 


Levine and Deren have observed hypertrophy after resec- 
tion in animals on total parenteral alimentation with no 
orally administered nutrition. Furthermore, inter- 
mittent starvation in rats has been found to be associated 
with villus hypertrophy.” Finally, the absorption of a test 
meal is virtually complete in the proximal part of the jeju- 
num, whereas the gradient of villus length is a linear re- 
gression over the entire length of the gut. 


Endogenous Intraluminal Factor 


The ingenious experiments of Altmann and LeBlond 
have established that a villus-enlarging factor emanates 
from the papilla of Vater,’ and their observations have 
been confirmed.. In addition, Roy et al have demon- 
strated a trophic effect of taurocholate sodium.” However, 
in addition to the problems of both theories of intralumi- 
nal stimulation enumerated at the outset, the present ex- 
peryment indicates that pancreatobiliary secretions are 
not an absolute requirement for hypertrophy. Failure of 
the intraluminal theories to account for all of the observa- 
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Fig 2.—Theories of compensatory hypertrophy may be divided 
into intraluminal and hormonal models, and each of these hypothe- 
ses has two subdivisions. 


tions has prompted investigators to seek other possible 
mechanisms. 


HORMONAL THEORIES 
Inhibition 


The concept that organ size is regulated by a hormonal 
feedback system related to its mass was most precisely ar- 
ticulated by Weiss and Kavanau.’ This theory postulated 
that each cell secretes its own organ-specific circulating 
growth inhibitor. If a portion of the organ is excised, the 
circulating level of inhibitor drops until sufficient mass 
has regenerated to restore the inhibitor to normal levels. 
While this model has not been ruled out in the cases of re- 
nal and hepatic regeneration, it has been found that the 
degree of hypertrophy occurring after partial resection is 
surpassed by the hypertrophy following a major intestinal 
bypass, under experimental conditions where there is no 
loss of mass.” Furthermore, the hypertrophy observed in 
the present experiment developed without resection of in- 
testinal mass. 


Hormonal Stimulation 
The hypothesis of a circulating factor initiating adap- 


tive growth of the intestinal remnant was first suggested 
by Loran and Crocker.: This view has been supported by 
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at two parabiotic experimrents,”*”* but the nature of the stim- 
Lee ulus is unknown. . 


A CONCILIATORY HYPOTHESIS 


Pie 
* Since neither the intraluminal nor the hormonal 
-= theories can independently account for all the data at 
hand, it seems reasonable to suspect that there may be a 
_ conciliatory middle ground. For example, the presence of 
-~ nutrients within the lumen may result in the release of 
Bs gastrointestinal hormones with a villus-enlarging effect. 
p Some evidence is already available to support this specula- 
I tion. First, the levels of circulating gastrin and glucagon 
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are elevated after a meal. Second, intestinal hypertrophy 
has been ebserved in a patient with a glucagon-secreting 
tumor.” Third, gastrin is metabolized by the small intes- 
tine, and »ostprandial gastrin levels are significantly ele- 
vated after partial enterectomy.”’ Fourth, exogenous gas- 
trin will prevent atrophy of the intestinal mucosa during 
oral starvation”; and, indeed, gastrin appears to be a troph- 
ic hormone for the entire gastrointestinal tract.” 

It seems likely that the answer to the problem of in- 
testinal hypertrophy will not be found in any single overly 
simplistic formulation, but rather in a hypothesis that in- 
tegrates multiple interacting factors. 
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Now... A Medical Education Opportunity 
inthe Puerto Rican Sun 


Choose the week you want to travel and learn in Puerto Rico: 


April 5-12, 1975 

April 12-19, 1975 

April 19-26, 1975 
April 26-May 3, 1975 


Take advantage of the best of a tropical setting to get 
authoritative information on tropical and subtropical 
medicine and the medical care needs of the people who 
live in tropical areas. 

These horizon-broadening postgraduate medical ed- 
ucation courses will focus on health topics indigenous 
to Puerto Rico and the Caribbean, with information of 
supplemental clinical interest to most primary care 
physicians. Topics will include “Diagnosis and Manage- 
ment of Tropical and Non-Tropical Sprue,” “Shellfish 
and Other Marine Poisons,” “Dermatology for the Non- 
Dermatologists, Including Sub-Tropical Skin Problems.” 
Courses are acceptable for 20 hours Category I credit 
per week. 

Your base of operations will be Palmas del Mar. situ- 
ate? directly on* Puerto Rico’s southeastern coastline. 
Mornings you will meet with internationally reknowned 
faculty members, many from the University of Puerto 
Rice. All are English-speaking clinicians and academic 
physicians. Afternoons and evenings can be spent en- 
joying the local flavor and the clear waters. exploring 
‘the rain forest, sampling the local foods, or simply 
savoring the sun. ; 

AMA Travel Seminars--yet another benefit for AMA 
members. t 


Land package Price: $380 per person, based on double occu- 
pancy; $562 single-room accommodation. 

Price includes seven nights in villa-style accomodations, 
breakfast and dinner daily, women’s activity program, daily 
greens fees and golf carts, two court hours tennis daily, wel- 
come reception, roundtrip transfers between hotel and air- 
port including luggage handling, all applicable government taxes. 

Course tuition is added $200.00. 

Send for the details on this and other travel-education semi- 
nars the AMA has planned for you for 1975. Write for a de- 
scriptive brochure or call the “hot-line” number 800-228- 
9290 and ask for the AMA Travel Center. 
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For life-supportive parenteral hyperalimentation. : 











Now with II change 
for the better. 


I. The presence of 
phosphate. 


S 












il. The ms of 








FreAmine is chemically the purest parenteral source 
of amino acids available for the prevention and treat- 
ment of negative nitrogen balance, providing immedi- 
ate biologic availability without significant renal loss. 
And now we've taken it two steps further with 
FreAmine I. 
We've made two important formula changes: the 


addition of phosphate to reduce the possibility of 
phosphate depletion and the deletion of chloride = 


to minimize the incidence of hyperchloremic , 
metabolic acidosis. 

Two significant reasons why FreAmine I = 
is now an even better source of amino acids | 
for \ife-supporting total parenteral nutrition. * 

FreAmine II is the same concentrate of 8 
essential and 7 non-essential amino acids 
formulated for optimum nitrogen balance 









FreAmine’ Il 


(AMINO ACID 
INJECTION) 


chloride. 


and protein synthesis. And when mixed in a 1:1 ratio 
with 50% Dextrose Injection, it provides 6.25g. of 
completely utilizable nitrogen in 39g. of protein equiv- 
alent plus 850 non-protein calories per 1000 ml. 
Hyperalimentation Kit. FreAmine Il is available 
alone or in a convenient, safe, ready-to-mix kit. It 
contains everything necessary to prepare a basic 
hyperalimentation mixture. And it greatly simplifies 
aseptic preparation. 
For clinical literature on hyperalimentation and 
more information about FreAmine Il, contact 
_ your McGaw representative or write for 
brochure. 
At McGaw, the change is always for the 
better. 


` 


*With adequate calories and other nutrients, when oral alimenta- 


tion of protein is impaired or metabolic requirements are 
substantially increased. 


8.5% Amino Acid Injection 


Supports life with pure crystalline amino acids. 
prevents and treats negative nitrogen balance." 


For brief summary of prescribing information, see following page. Consult full product information before use. 


tion is not feasible for prolonged periods, gastrointestinal absorp- 
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i in n H dypera imentation therapy should be used only by those ae | medical 
es ase ith its administration and complications. deal 


oe education Wi 
R Indications: As an adjunct in the prevention of nitrogen loss or in the treat- Spaad h | 


~ ment of egative nitrogen balance. in lands d | | 

K -ontraindications: Anuria, Hepatic Coma. HT 

-= Warnings: FREQUENT CLINICAL EVALUATION AND LABORATORY DETER- where | 
E 
















_ MINATIONS ARE NECESSARY FOR PROPER MONITORING OF HYPERALI- 
MENTATION. Administration of amino acids or protein hydrolysates to a 






patient with hepatic insufficiency may result in serum amino acid imbalances, medical 
_ pre-renal azotemia, and hyperammonemia. , 
-= Hyperammonemia, when seen during hyperalimentation, appears to be dose- s l 
related and is more likely to develop during prolonged therapy. It is essential prece en $ 
that blood ammonia be measured frequently in infants. Conservative doses of : 
_ amino acids should be given. Should symptoms of hyperammonemia develop, were sel 
_ FreAmine administration should be discontinued and the patient's clinical wl 
“Status reevaluated. Administration of amino acids in the presence of impaired 
renal function may augment an increasing blood urea nitrogen. 
_ Safe use of FreAmine in pregnancy has not been demonstrated. PARIS E- LYON m ZURICH 
_ Precautions: it is essential to provide adequate calories concurrently with 
| FreAmine. Strongly hypertonic nutrient solutions should be administered May 10-24, 1975 
_ through an indwelling intravenous catheter with the tip located in the supe- 
' rior vena cava. Care should be taken to avoid circulatory overload, particu- R": 
eee in patients with cardiac insufficiency. Special care must be taken when This is your chance to learn about 
giving hypertonic dextrose to a diabetic or prediabetic patient. yi 
_ Special Precautions of Hyperalimentation: the latest European methods of can- $ 
_ 1. Technical: Complications known to occur from the placement of central cer management and cancer-patient 
venous catheters are pneumothorax, hemothorax, hydrothorax, artery puncture : ~ i prg 
=< and transection, injury to the brachial plexus, malposition of the catheter, counseling in countries Steeped in 
aoe of arterio-venous fistula, phlebitis, thrombosis, and air and catheter medical tradition and accomplishments. 
` embolus. 
v 2. Septic: The constant risk of sepsis is present during total parenteral At the World Health Organization's 
' nutrition. Since contaminated solutions and infusion catheters are potential i i 
sources of infection, it is imperative that the preparation of hyperalimenta- International Agency for Research on 
een solutions and the placement and care of catheters be accomplished Cancer in Lyon, agency director John 
_ under controlled as2ptic conditions. magi f z 
_ Total parenteral nutrition solutions should be used promptly after mixing Higginson, M.D., will lead discussion 
_ Any storage should be under refrigeration and limited to a few days. Adminis- i 35 
i tration time for a single bottle and set should never exceed 24 hours. on the role played by chemical car 
3. Metabolic: The following metabolic complications have been reported: CINOGENS, viruses, radiation, and trau- 
~ metabolic acidosis, hypophosphatemia, alkalosis, hyperglycemia and glyco- a. : : i inio 
_ Suria, osmotic diuresis and dehydration, rebound hypoglycemia, elevated ma and their relationship to clini 
liver enzymes, hypo and hypervitaminosis, electrolyte imbalances, hyper- cal practice. 
ammonemia in children, and allergic manifestations if a protein hydrolysate : 
is used. FreAmine II 8.5% contains adequate phosphate (20 mEq./I.) to Medical management of cancer pa- 
_ Maintain normal serum phosphorus levels in most patients. Some patients : ? A 
“may require additional phosphate. tients will be the thrust of the pre 
Peat Reactions: See Warnings and Special Precautions of Hyperalimen- sentation in Zurich, including the ap- 
lation. Local reactions consisting of a warm sensation and erythema have : f 
been reported when FreAmine and hypertonic dextrose were administered by proach to the metabolic problems of 
Eaveheralvein. the patient in radio- or chemotherapy. 
_ Dosage an ministration: Daily doses of approximately 1.0 to 1.5 g. per . 
_ kilogram of body weight for adults and 2 to 3 g. per kilogram of body weight Professor Dr. George Martz and 
_ for infants are generally sufficient to satisfy protein needs and promote posi- Professor Dr. A. Labhardt will lead 
K tive nitrogen balance although higher doses may be required in severely ee : bg tune . 
Catabolic states. Such higher doses, especially in infants, must be accom- a faculty of distinguished clinicians 
puton by more frequent laboratory evaluation, Adequate calories must be . atthe Canton Hospital. Eighteen hours 
_ provided simultaneously. Calorie-to-nitrogen ratios of at least 100 to 150 non- . E 
protein calories per gram of nitrogen have been recommended to achieve of Category II credit toward the Phy 
_ Positive nitrogen balance. The provision of sufficient intracellular electrolytes, Sician Recognition Award given. 
principally potassium, magnesium, and phosphate, is also required for opti- 





mum utilization of amino acids. In addition, sufficient quantities of the major Mornings will be devoted to classes. 
_ extracellular electrolytes, sodium, calcium, and chloride, must be given. Care à 
"must be taken to avoid incompatible electrolyte mixtures. Infusate levels of Afternoons and evenings are yours 
10-15 mEq./I. of phosphate, 5 mEq_/I. of calcium, and 5-10 mEq./1. of magne- i i ) 
sium rarely are incompatible when properly mixed. If a patient's nutritional to rediscover pure arn, clear waters, 
intake is primarily parenteral, vitamins, especially the water-soluble vitamins, , and scenery that has inspired painters 
_ should also be provided. j 
In adults, hypertonic mixtures of amino acids and dextrose may be safely throughout all of history. } 
administered only by continuous infusion through a central venous catheter i ; pr. 
with the tip located in the vena cava. For optimal nitrogen utilization, 500 ml. Send for the details on this and other oa”. 
of FreAmine II 8.5%, appropriately mixed with dextrose, electrolytes, and travel-education seminars the AMA a 
. vitamins, is typically administered over an eight-hour period. If administra- ; v 
tion rate should fal behind schedule, no attempt to “catch up" to planned has planned for you for 1975. Write b 
eee ade. In Bain onrein Beir ease, he ye Ligh for a brochure or call 800-288-9290: sz 
Non rate over , especially during irst few days o erapy, Dy ; ia 
the patient's glucose tolerance. Daily intake of amino acids and dextrose ask for the AMA Travel Center. | an 
should be increased gradually to the maximum required dose as indicated by SS SS SS SS 


frequent determination of urine and blood sugar levels 
In many patients, provision of adequate calories in the form of hypertonic 
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dextrose may require the administration of exogenous insulin to prevent FOR EACH OF THE FOLLOWING k R 
hyperglycemia and glycosuria. To prevent rebound hypoglycemia, a solution AMA TRAVEL-EDUCATION SEMI- A 
containing 5% dextrose should be administered when hypertonic dextrose s Le 
infusions are abruptly discontinued. NARS: AS375 d 
Pediatric Dosage and Administration: Small infants (up to 10 kg.) on total . ` ye CsE 
parenteral nutrition generally et 2 to 3 g. of protein, 100 calories, and o Paris-Lyon-Zurich ; ae 
120 to 150 mi. of fluid per kg. of body weight per day. This can be provided È x FA 
_in a solution containing approximatley 2s % FreAmine IL and 20% dextrose. a England Scotland Ireland 

pevar, because physiologi@al changes occur rapidly in small infants, the O South America 

daily dose of nutrients shquld initially be increased slowly with frequent : 3 $ 

“monitoring of pertinent clinical and metabolic parameters. (See Warnings O Puerto Rico O Scandinavia 


above) Large infants (over 10 kg.) and children require fewer calories: gen- 
erally 50 to 80 calories per kg. per day is sufficient. 

















Route: Intravenous. i l Name 
Caution: Federal (U.S. A.) law prohibits dispensing without prescription. 
How SupBlied: FreAmine II 8.5% is supplied sterile and nonpyrogenic in Address 
500 mi. intravenous infusion bottles packaged alone and in Parenteral Hyper- 
alimentation Kits. e 
f City 
via a State Zip 2 
3 T aie . f AMA Travel Seminars 
a ‘MsGaw Laboratories 535 North Dearborn Street 
; DIVISIØN OF AMERICAN HOSPITAL SUPPLY CORPORATION. ers " tee : -A "a. 
i i zl IRVINE. CALIFORNIA 92705 Ț ‘ A ; Chicago, Illinois 60610 ‘Sa 
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‘Cyclic AMP Response 


to Epinephrine and Shock 


A. Hope McArdle, PhD; Chu-Jeng Chiu, MD; E. John Hinchey, MD 


Hormonal regulation is fundamental to homeostasis, and the re- 
ponse in tissues is mediated by adenosine 3’:5’ = cyclic phosphate 


= — (cyclic AMP). Since circulating levels of catecholamines are elevated 


during hemorrhagic shock, experiments were carried out to study 
the effects of epinephrine and of shock on cyclic AMP levels of 
plasma and of the intestine, a particularly vulnerable organ in canine 
hemorrhagic shock. 

Epinephrine was given to normotensive dogs as a constant infu- 
sion (group 1) or as a single pulse (group 2). Sequential blood sam- 
ples showed a marked increase in circulating cyclic AMP, especially 
in portal and hepatic venous blood. Little change was noted in the 
tissues. Hemorrhagic shock (group 3) induced a marked increase in 
plasma cyclic AMP, with a depletion of mucosal cyclic AMP and 
adenosine triphosphate (ATP). Pretreatment before shock with a- 
blockade (group 4) abolished the decrease in mucosal cyclic AMP 
and ATP, and reduced the increase in plasma cyclic AMP. 


ncreased circulating plasma adenosine 3’:5’=cyclic 
phosphate (cyclic AMP) appears to be the normal re- 
sponse to catecholamines, whether infused exogenously or 
as the initial endogenous response to hypovolemia. If in- 
testinal ischemia is prolonged, the tissue becomes inca- 
pable of further response to these hormones and levels of 
cyclic AMP drop precipitously, perhaps because of the con- 
comitant depression of its substrate, adenosine tri- 
phosphate (ATP). Support for this suggestion is seen with 
a-blockade, where improved blood flow to the intestine 
during hypovolemia permits target organ response. 

The morphologic and metabolic alterations of the canine 
intestine that result from a reduction in blood flow are 
well documented. The susceptibility of this organ to hy- 
povolemia and ischemia is a major contributing factor to 
irreversibility in shock, as shown by the work of Lillehei,’ 
Bouneus et al, and others, who have demonstrated that 
proteetion of the intestine during shock markedly im- 
proves survival. 

Hormones and the autonomic nervous system provide 
the homeostatic mechanisms that maintain the “milieu in- 
terieur” described by Claude Bernard’ in a living orga- 
nism, It is now clear that at the cellular level much of the 


hormonal and neural influence is transmitted intracel- 
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lularly by the second messenger to the hormones, cyclic 
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AMP.‘ The second messenger system of the intestinal 
mucosal epithelium has been studied, particularly in rela- 
tion to cholera toxin, and the level of cellular cyclic AMP 
has been related to the absorption-secretion pattern of the 
mucosal epithelial cells.’ 

The circulating level of catecholamines increases 
markedly during prolonged shock, and the excessive vaso- 
constriction of the mesenteric bed due to sympathetic hy- 
peractivity decreases blood flow, producing ischemic dam- 
age to the intestinal mucosal cells.° Since the response of 
the cell to catecholamines is mediated through formation 
of the second messenger, cyclic AMP, the present series of 
experiments was designed to study the changes in cyclic 
AMP in the canine intestine in response to both epineph- 
rine and to hemorrhagic shock. l 


MATERIALS AND METHODS 


Mongrel dogs of either sex, weighing from 14 to 18 kg, were 
anesthetized with 30 mg/kg intravenously administered pento- 
barbital sodium. The animals were allowed to lie on the operating 
table for two hours before the experimental procedures began, in 
order to offset the effects of the induction of anesthesia. The dogs 
were divided into four groups. 


Group 1 


Four dogs received epinephrine at a constant infusion rate of 
0.03 mg/min for three hours. Before infusion, a cannula was 
placed in the femoral artery for the removal of blood samples for 
cyclic AMP determination. A laparotomy was also performed, and 
a sample of intestine was removed as a control. During the infu- 
sion period, blood samples and intestinal biopsy samples were 
taken at 30-minute intervals for three hours. 


Group 2 


Four dogs received a single pulse injection of 1.0 mg epineph- 
rine intravenously. Before injection, sampling cannulas were 
placed in the femoral artery, femoral vein, and portal vein. Blood 
samples were obtained before injection and at one, three, five, ten, 
and 15 minutes following epinephrine injection. Samples were also 
taken by direct puncture of the hepatic vein at the same time in- 


tervals. 
e 


Group 3 G °. 


A laparotomy was carried out on five dogs, and samples of small 
intestine, liver, and arterial blood were taken as controls. The ani- 
mals were then bled using a modified Wiggers procedure #0 a 
mean arterial blood pressure of 35 mm Hg that was maintained 
for three hours. Samples of blood and of intestine were removed 
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Fig 1.—Response to constant epinephrine infusion, 0.03 mg/min 
(group 1). 


every half hour. At the end of the hypovolemic period, the dogs 
were reinfused with their shed blood, and samples were taken at 
30-minute intervals for a further two hours, after which time the 
animals were killed. 


Group 4 


Five dogs in this group were treated exactly as described for 
group 3, with the exception that they received acepromazine ma- 
leate (Atravet), an a-blocker, 0.5 mg/kg, prior to the induction of 
anesthesia. 

All samples removed from the animals were immediately placed 
in ice, and kept cold until processed further. 


Blood 


Blood samples were centrifuged, the plasma collected, and then 
precipitated with an equal volume of ice-cold 0.6N perchloric acid. 
The supernatant was collected and frozen at —45 C until analyzed 
for cyclic AMP. 


Tissue 


Samples of liver and intestine were precipitated and homoge- 
nized with 9 volumes of ice-cold 0.6N perchloric acid, and centri- 
fuged. An aliquot of the supernatant was immediately assayed for 
ATP, and the remainder frozen at —45 C until assayed for cyclic 
AMP. Histologie sections of the intestinal biopsy specimens were 
obf&%ined and stairted with hematoxylin-eosin. 


Cyclic AMP 


- The acid-soluble supernatant fractions of the blood and tissues 
were thawed and passed through 15-cem Dowex-1 x50 columns, 
eluting the cyclic AMP with N hydrochloric acid. Aliquots of the 


Arch Surg/Vol 110, March 1975 - 


.* 


f! 4 
' ; = . 
E E n "iik € A y y LN 
d » EHN r 
ee a : we NOD Ue Pe Baa 


200 


150 


100 


Plasma Cyclic AMP, Nanomols/Liter 


gı 
O 


10 15 


0.1 3 5 
Minutes After Epinephrine 


Fig 2.—Response to single pulse of epinephrine, 1.0 mg (group 2). a 
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eluate were lyophilized. The material was reconstituted in a suit- 
able volume of 50 millimolar acetate buffer, pH 4.0, and assayed 
for cyclic AMP according to the method of Gilman.’ 


ATP 


The ATP level of the tissue was determined according to a mod- 
ification of the fluorometric method of Forte et al.* 


RESULTS 
Group 1 


The response to constant infusion of epinephrine is pre- | 


sented in Fig 1. It can be seen that there is an immedi- 
ate increase in plasma cyclic AMP, reaching a maximum 
of ten times normal values by the end of the first hour of 
infusion. After the first hour there is a reduction in circu- 
lating levels, but they remain steady at about 150 nano- 
mols/liter. The cyclic AMP level in the intestine shows a 
slow and steady decrease over the infusion period that is 


not statistically significant. The intestinal ATP level in- — 


creases over the infusion period, reaching a level signifi- 
cantly (P < .01) greater than normal. 


Group 2 


The response to a single dose of 1 mg epinephrine is 


shown in Fig 2. It can be seen that the response is almost — 


immediate. The peripheral arterial and venous cyclic AMP 
levels increase rapidly to a maximum over the first five 
minutes, then gradually decrease during the next ten min- 
utes. The portal blood cyclic AMP shows the most immedi- 
ate response, reaching ten times normal value within the 
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4 ist minute, still increasing at three minutes, and then 
_ rapidly declining to the levels observed in the peripheral 
= blood, reaching its peak at five minutes, then declining. 
O Mt ten minutes, however, the cyclic AMP in the hepatic 
| E venous blood is still higher than that of the other blood 
Ee poos. 


” 


Group 3 


s E The effect of hemorrhagic shock on plasma cyclic AMP 
_ levels and on intestinal cyclic AMP and ATP levels are 

Se esnie in the Table and Fig 3. The intestinal cyclic 
E. _AMP and the ATP begin to decrease with the onset of the 
 hypovolemic period and continue to decrease, until at the 
end of the hypovolemic period the levels are 20% of control 
values. The loss of these two compounds is in parallel. Fol- 
_ lowing reinfusion, there is little, if any, recovery of either 
aon AMP or ATP levels in the intestine. The liver ATP 
falls from a normal value of 2.27umol/gm + 0.02umol/gm 
0 0.9 + 0.06umol/ gm at three hours of hypovolemia. Two 
hour following reinfusion the value is 1.37ymol/ 
gmt + 0.48umol/gm. The liver cyclic AMP falls from a nor- 
mal value of 2.03umol/gm + 0.5umol/gm to 1.53umol/ gm 
+ 0.3umol/gm by the end of the hypovolemic period, ris- 
ing to 3. 16umol/gm + + 0.46umol/gm two hours following 
a sags ‘The plasma shows an immediate and striking 
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Fig 4.—Effect of hemorrhagic shock on dogs pretreated with ace- 
promazine maleate, 0.5 mg/kg. 


rise in cyclic AMP, which is maintained throughout the 
hypovolemic period. On reinfusion of shed blood, the 
plasma cyclic AMP gradually returns to normal by the end 
of the reinfusion period. 


Group 4 


The effect of a-adrenergic blockage on plasma cyclic 
AMP and on intestinal ATP and cyclic AMP levels during 
hemorrhagic shock are presented in the Table and Fig 4. 
It can be seen that there is only a 30% loss of intestinal 
ATP, and that this occurs only after three hours of hy- 
povolemia. Following reinfusion, the intestinal ATP re- 
turns rapidly to normal levels, with no further significant 
change over the remainder of the experimental period. 
The control level of intestinal cyclic AMP in this group is 
only 50% of that noted in the previous group, and though 
there appears to be a further decline during the hypovole- 
mic period, this change is not significant, and there is no 
significant change during the reinfusion period. The liver 
ATP falls from a normal value of 2.40umol/gm + 0.16umel/_ 
gm to 1.30umol/gm + 0.26umol/gm, then rises again to 
2.06umol/gm + 0.33umol/gm by the end of the reinfusion 
period. The liver cyclic AMP falls from 2.61 + 0.42 napor 
mols/gm to 1.92 + 0.29 nanomols/gm after three hours of 
hypovolemia, rising once more to 2.29+ 0.46 nano-- 


Cyclic AMP Response/McArdle et al 





~~ ame | - 
ae ST SN Ale vt tees 
EEE copa s 


Hemorrhagic Shock* 


Plasma 
cc on 
Cyclic AMP, Nanomols/ Liter 


Preshock 


Hypovolemia 


Time, 
min 
o 
30 
60 
90 
120 
150 


Intestine 


ATP, „mol/gm 


Without 


Acepromazine Acepromazine 


Maleate 
2.45 + 0.20 


2.09 + 0.22 
1.27 + 0.26 
1.20 + 0.26 
0.71 Æ 0.30 
0.72 + 0.26 
0.53 + 0.23 
0.75 + 0.36 
1.03 + 0.26 
1.03 + 0.44 


With 


Maleate 
2.71 £0.30 


2.60 + 0.26 
2.56 + 0.23 
2.73 + 0.20 
2.41 + 0.16 
2.39 + 0.08 
1.91 + 0.20 
2.13 + 0.26 
2.39 + 0.32 
2.74 + 0.46 


Cyclic AMP, Nanomols/gm 


Without 


Acepromazine Acepromazine 


Maleate 
4.28 + 0.24 


3.36 + 0.50 
1.79 + 0.63 
1.49 + 0.54 
0.98 + 0.35 
1.01 + 0.41 
1.21 + 0.46 
1.40 + 0.54 
1.12 + 0.42 
1.36 + 0.55 


With 


Maleate 
1.97 = 0.57 
2.34 + 0.20 


Without 
Acepromazine 
Maleate 


22.6 + 7.53 


119.6 + 18.10 
179.4 + 28.49 
183.2 + 30.84 
220.6 + 29.67 
204.4 + 45.88 
135.7 + 22.40 
103.5 + 23.31 

61.2 + 15.77 

47.0 + 14.37 







With 
Acepromazine 
Maleate 

27.2 £ 6.06 


79.0+ 9.15 
111.2 + 17.67 
108.6 + 18.04 
105.6 + 20.50 
101.6 + 18.25 
101.8 + 20.42 
58.4+ 9.92 / 
50.0+ 6.06 a 
44.6+ 8.87 " 


a 
o. . A. m~ 
lids. ite ao 


Reinfuse 


1.10 = 0.53 2.70 + 0.41 


0.97 + 0.36 





37.7 = 11.80 47.6+ 6.67 


< Acepromazine maleate, 0.5 mg/kg, as premedication; all values expressed as mean + SEM; five dogs per group. 


mols/gm two hours after reinfusion. This series of ani- 
mals also shows an increase in plasma cyclic AMP levels 
during hypovolemia. However, the levels reach only 50% of 
those noted in group 3, and there is also a much more 
rapid return to normal levels during hypovolemia. How- 
ever, the levels reach only 50% of those noted in group 3, 
and there is also a much more rapid return to normal lev- 
els during the reinfusion period. 


COMMENT 


Extensive studies have been carried out on the response 
of first messengers (hormones) and of the autonomic ner- 
vous system in severe low-flow states. The increase in cir- 
culating catecholamines, increased sympathetic activity, 
the biphasic response of circulating insulin, and other 
changes have been recorded.” However, the response of 
the target tissue to the first messengers has not been well 
documented, although a number of clinical and experi- 
mental observations indicate that the cellular response to 
the signal of the first messenger in low-flow states may be 
defective. The decreased response of precapillary and 
postcapillary sphincters to sympathetic stimulation is 
thought to play a role in the microcirculatory derange- 
ments in shock. Baue et al found decreased transport 
and utilization of glucose by muscle taken from animals in 
profound shock, in spite of increased circulation of glucose 
and insulin. They also reported that the ability of the in- 
sulin to attach to receptors on the cell membrane was not 
impaired. In contrast, Rutenberg et al? demonstrated a 
marked reduction in the in vitro response of rabbit liver 
cells to glucagon stimulation in shock. Since the response 
of these cells to sodium fluoride, a nonspecific stimulator 
of adenyl cyclase, was not significantly lowered, they con- 
cluded that the receptor site is defective in shock without 
an intrinsic malfitnction of adenyl cyclase. 

hese first méssenger signals must activate an intra- 
cellular response by the second messenger, ie, the cyclic 
AMP-adenyl cyclase system. The present investigation, 
therefore, was carried out to study tissue responsiveness 
in shock by observing changes in cyclic AMP during shock 
and comparing these with a normal cyclic AMP response 
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to epinephrine. 

Normal dogs respond to a constant infusion of epineph- 
rine with an immediate rise in circulating levels of plasma 
cyclic AMP following induction of catecholamine adminis- 
tration (Fig 1). However, there is no significant change in 
the levels of cyclic AMP in the intestinal mucosa, and ATP 
levels are maintained, indicating good nutritional blood 
flow to the intestine. The reported response to epinephrine 
in vitro is an accumulation of intracellular cyclic AMP, 
mediated through an increase in adeny] cyclase activation. 
However, this effect was not seen in vivo, and if anything, 
cyclic AMP decreased during epinephrine infusion. 

The second series of experiments was designed to deter- 
mine the source of the increased circulating cyclic AMP 
levels. A single pulse of epinephrine was given to the 
group 2 animals, and blood samples were removed from 
the peripheral blood as well as from the portal and hepatic 
veins. Figure 2 shows an immediate increase in circulat- 
ing cyclic AMP in the peripheral blood as was seen with 
the constant infusion experiments, but here it is seen that 
both portal and hepatic blood show much higher levels 
than peripheral blood and, in the case of portal blood at 
least, the increased cyclic AMP most likely arose primarily 
from the intestine. The fact that the hepatic venous cyclic 
AMP eventually reaches the same level as that of the por- 
tal blood is probably a reflection of the high portal cyclic 
AMP as well as the peripheral arterial blood perfusing the 
liver without being able to enter the liver cell, and simply 
exits via the hepatic venous blood. The maintenance of the 
higher cyclic AMP levels in the hepatic venous blood may 
be due to a contribution of cyclic AMP from the liver itself 
in response to epinephrine. It appears, therefore, that al- 
though cyclic AMP is reported not to enter the cell, these 
experiments and those of Wehmann et al" indicate that it 
can leave the cell. Thus, in dogs, exogenous cate- 
cholamines appear to release large quantities of cyclic 
AMP from the splanchnic organs, which is consistent with 
the fact that the canine intestine is a particularly vulner- 
able target organ in hemorrhagic shock. 

The dogs subjected to hemorrhagic shock (group 3) 
showed a striking parallel decrease in both intestinal ATP 
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and eyclic AMP throughout the hypovolemic period, with 
little recovery following reinfusion. The plasma cyclic 
AMP levels, however, increased dramatically during hypo- 
tension, concomitant with renal shutdown as noted from 


_ cessation of urinary flow from a catheter inserted into the 
ureter. The kidney is a major route for excretion of cyclic 


AMP, therefore oligemia may play a role in maintaining 
high plasma cyclic AMP levels in shock. 

It should be noted that ATP is the substrate for the for- 
mation of cyclic AMP, and the 80% decrease in ATP may 
well affect the catecholamine-induced synthesis of cyclic 
AMP in the intestine. Support for this suggestion is given 


by results obtained with liver biopsy specimens, where 


there is only a 50% decrease in cyclic AMP and ATP after 


three hours of hypotension, with marked recovery of these 


levels following reinfusion. Although 20% of the ATP re- 
mains in the intestine after shock, and is more than 


1 a, enough to form the required normal level of cyclic AMP, it 
= cannot be assumed that all the remaining cellular ATP 
= would be available for this purpose alone, in view of the 


many other demands on this particular compound. The 
mechanism causing the increase in plasma cyclic AMP 
cannot be fully explained, but may well be due to release 
of this compound from the intestine as well as other or- 
gans in the early hypovolemic period, and the onset of re- 
nal shutdown contributes to the maintenance of the high 
circulating levels until urinary flow resumes following 
reinfusion. 

The effect of hemorrhagic shock on tissue and plasma 
eyclic AMP is very different with a-blockade (group 4). 


The intestinal ATP falls only 30% after three hours of hy- 
= povolemia (Table, Fig 4), indicating that the intestine is 


much less hypoxic than in the previous series. Following 
reinfusion, the ATP values return to normal. The control 


t 2 intestinal cyclic AMP value in this series is much lower (2 
= nanomols/gm) than that of the series without a-blockade 


(4 nanomols/gm), and this difference must be due to an ef- 
fect on the intestine of the acepromazine maleate. This 
same discrepancy is not found in the livers of these ani- 
mals. The plasma cyclic AMP rises in this series, but 
reaches a level of only 50% of the rise noted in group 3, 
rapidly returning toward normal following reinfusion. It 
is also of interest to note that in the animals receiving a- 


blockade there was none of the hemorrhagic necrosis char- 


acteristic of the shocked intestine. 

It can be concluded, therefore, that although cyclic AMP 
reportedly does not enter the cell, it can readily leave un- 
der certain experimental conditions. Contrary to experi- 
ments in vitro, where epinephrine induces tissue accumu- 
lation of cyclic AMP, this is not seen in vivo. The 


-epinephrine does indeed stimulate cyclic AMP production, 

but much of the increased level leaves the cells and enters 
=the plasma. During hemorrhagic shock, there is an 80% de- 
= creasein intestinal ATP and cyclic AMP levels that do not 


| = recover following reinfusion. The marked elevation of 





plasma cyclic AMP levels no doubt reflects loss from the 
tissues in response to epinephrine, and renal shutdown 
probably maintains the high levels. Alpha-adrenergic 
blockade prior to shock markedly improved blood ATP and 


320 _ Arch Surg/Vol 110, March 1975 





cyclic AMP levels throughout the experiment. 

These observations leave many questions still unan- 
swered. Is the failure of the intestinal mucosa in vivo to 
increase its intracellular cyclic AMP content in response 
to catecholamine a unique characteristic of this tissue, and 
to what extent is it shared by other tissues? Does the ten- 
fold increase in the cyclic AMP level in the plasma affect 
the cellular functions of other tissues secondarily? In re- 
cent years, hormone-substrate manipulation, such as the 
infusion of hypertonic glucose-potassium-insulin solu- 
tion," has been found to be beneficial in maintaining the 
viability and the function of organs in low-flow states. 
The effectiveness of such therapeutic modalities depends 
partly on the capability of the cells to respond to the hor- 
monal signal, and our studies suggest that such a response 
may be abnormal in low-flow states, not only due to pos- 
sible defects in the receptor-adenyl cyclase complex, but 
also due to the transmembrane diffusion of cyclic AMP, as 
well as the reduced availability of the precursor, ATP. 
Further investigations may elucidate, at the cellular level, 
the nature of the “rude unhinging of the machinery of 
life,” which Samuel D, Gross used to characterize shock in 
1872.15 


This investigation was supported by the John A. Hartford Foundation. 
Vreni and Heidi Siegrist performed the biochemical analyses. 
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Clinical Notes 


Immobilization Hypercalcemic Crisis 


John A. Henke, MD; Norman W. Thompson, MD; Herbert Kaufer, MD 


Profound hypercalcemia associated with immobilization is rare. 
Hypercalcemic crisis occurring as a result of immobilization in which 
there was not a coexisting, contributing medical condition has not, 
to our knowledge, been reported previously. 

Failure to consider hypercalcemia as the source of progressive 
anorexia, nausea, vomiting, and irritability resulted in a respiratory 
arrest and nearly fatal outcome in the case of a 13-year-old boy one 
month after a simple femoral fracture. 

Therapy consisting of the intravenous administration of fluids and 
corticosteroids was successful in lowering the serum calcium level 
until mobilization could be accomplished. Review of previously re- 
ported cases emphasizes the difficulty in recognition and diagnosis 
of this unusual condition. Surgeons treating patients with fractures 
should be aware of this complication and familiar with its appropri- 
ate therapy. 


mmobilization of a previously active individual is as- 
sociated with many well-recognized pathophysiologic 
changes. Among those related to calcium metabolism are 
osteoporosis, hypercalciuria, urinary calculi formation, 
and soft tissue calcification. However, hypercalcemia is in- 
frequent in immobilized patients unless associated with 
metabolic or bone disease such as primary hyperparathy- 
roidism or Paget disease. Rarely, hypercalcemia from im- 
mobilization can become a life-threatening complication 
of an otherwise simple fracture. This condition was first 
described by Albright and colleagues in 1941.' Their pa- 
tient, a 14-year-old boy, developed profound hypercal- 
cemia six weeks following a fractured right femur sus- 
tained in a baseball game. An erroneous diagnosis of 
hyperparathyroidism led to unsuccessful explorations of 
both neck and mediastinum in efforts to alleviate his hy- 
percalcemia. After the patient was mobilized, his symp- 
toms regressed and his serum calcium level returned to 
normal. Six additional cases of immobilization hyper- 
calcemia without preexisting disease affecting bone have 
been reported since.** 
To our knowledge, there is no reported case of hyper- 
calcemic crisis secondary to immobilization hypercalcemia. 
The following case report demonstrates that hyper- 
calgemic crisis from immobilization does occur. 
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REPORT OF A CASE 


A 13-year-old boy fell from his bicycle on slippery pavement on 
Aug 17, 1973. He sustained a closed spiral fracture of the right fe- 
mur without other injury (Fig 1). 

He was hospitalized and treated with traction. He was placed on 
a daily, orally administered multivitamin preparation containing 
1,308 mg of calcium but no vitamin D. He was encouraged to drink 
up to 1.9 liters of milk each day. 

Four weeks postfracture, the patient became anorexic and de- 
veloped abdominal distress and constipation. At that time he also 
became irritable and was noted to have frequent “temper tan- 
trums” and episodes of crying. 

On Oct 3, 1973, he suddenly exclaimed, “I can’t see” and had a 
generalized seizure that lasted for five minutes. One hour later he 
had a second seizure, followed by a respiratory arrest. He was suc- 
cessfully resuscitated but continued to have seizures during the 
following ten hours that were only partially controlled by intra- 
venous administration of diazepam (Valium) and barbiturates. 
Laboratory studies disclosed a serum calcium level of 14.3 mg/100 
ml. Several hours later, cardiac arrhythmias consisting of parox- 
ysmal atrial tachycardia and ventricular bigeminy were noted and 
controlled with an intravenously administered lidocaine drip. The 
patient was then transferred to the University of Michigan Medi- 
cal Center. 

At the time of admission he was in status epilepticus. An en- 
dotracheal tube had been inserted. He was very dehydrated, semi- 
comatose, and unable to see. His fracture was stable; phenobarbi- 
tal was administered intravenously. Roentgenograms of the right 
femur showed marked osteoporosis, as did other bone x-ray films 
(Fig 2). | 

Initial abnormal laboratory studies revealed the following val- 
ues: blood urea nitrogen (BUN), 22 mg/100 ml; creatine, 1.7 
mg/100 ml, serum potassium, 2.7 mEq/liter; calcium, 15.6 mg/100 
ml; and phosphorus, 2.6 mg/100 ml. His alkaline phosphatase level 
was 9.3 international units (IU). The serum parathyroid hormone 
value was 365 pg/ml. The normal range for this assay with a se- 
rum calcium level of 8.8 to 10.0 mg/100 ml is 167 to 347 pg/ml. 

It was concluded that his entire clinical condition could be the 
result of hypercalcemia. Large volumes of saline solution with po- 
tassium chloride supplements and corticosteroids were adminis- 
tered intravenously. Within eight hours/100 ml of initiating ther- 
apy, his serum calcium level had decreased to 10.5 mg. His 
breathing became regular, and he was extubated within 24 hours. 
During the next two days his vision gradually returned to normal. 
Because no funduscopic changes were seen, it was concluded that 
his blindness was at a central level and related to acute metabolic 
changes. His sensorium gradually cleared during the next few 
days as his general condition rapidly improved. While in balanced 
skeletal traction, range of motion exercises were begun. Two 
weeks later he was placed in an ischial weight-bearing cast and 
started on a course of progressive ambulation. 

Serum calcium levels remained near normal limits (10.5 to 10.9 
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Fig 1.—Right leg shortly after patient sustained closed spiral frac- 
ture of femur; no evidence of osteoporosis. 


mg/100 ml) for the first two weeks and subsequently have contin- 
ued near normal. Corticosteroid therapy was discontinued during 
the first week. Although his serum phosphorus level dropped to a 
low of 0.8 mg/100 ml, it returned to normal after the second week 
of hospitalization. The serum parathyroid hormone value was 211 
pg/ml (calcium, 10.9 mg/100 ml) 12 days after admission. The al- 
kaline phosphatase level remained normal throughout his course. 
This patient was discharged from the hospital on Nov 26, 1973, 
eight weeks following his hypercalcemic crisis and 12 weeks fol- 
lowing his fracture. 

Two months later, his fracture site was found to be clinically 
solid and the cast was removed. He has returned to school without 
disability, and results of follow-up studies of serum calcium, para- 
thyroid hormone, and alkaline phosphatase levels have been nor- 
mal 


COMMENT 


All eases of immobilization hypercalcemia previously re- 
ported have occurred in-children aged 9 to 14 years, with 


322 „ Arch Surg/Vol 110, March 1975 





Fig 2.—Right leg six weeks following fracture; note diffuse de- 
mineralization of femur. 


the exception of Mason’s.° His patient, a 22-year-old 
woman, developed hypercalcemia (calcium, 16.2 mg/100 
ml) four weeks following multiple fractures. Eventually 
this led to an unsuccessful neck exploration for a sus- 
pected parathyroid adenoma. Other adult cases of hyper- 
calcemia occurring after immobilization have been asso- 
ciated with preexisting conditions affecting bone such 
as Paget disease, carcinoma, and primary hyperparathy- 
roidism.*' 

The occurrence of this condition in children is attributed 
to the fact that there is a more rapid rate of bone turnover 
during the growth period. Normally there is a balance 
between bone formation and resorption in the active, 
healthy individual. This balance is influenced by age, nu- 
tritional, and hormonal factors as well as degree of activ- 
ity. Mechanical stresses are believed to stimulate os- 
teoblastic activity. Bone formation decreases when these 
stresses are eliminated by immobilization. The normal 
equilibrium is upset, resulting in exce$sive bone destruc- 
tion as compared to bone formation, and calcium is -re- 
leased into the extracellular fluid. Ordinarily this extra 
load is excreted by the kidney with resultant hyper- 
ealciuria, but the maintenance of a normal serum caletum 
level. Urinary excretion of calcium reaches a peak value 
approximately four weeks after immobilization begins.*-" 
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` This time corresponds well with the onset of hyper- 
calcemia symptoms in the majority of previously reported 
cases, as well as in our patient. 

Halvorsen has postulated that hypercalcemia only oc- 
curs in patients who are strictly immobilized.” Two previ- 
ously reported cases, however, in addition to ours, are evi- 
dence that this condition can develop in patients who are 
neither in a cast, nor totally paralyzed.’ It does appear, 
however, that in most cases, range of motion exercises are 
sufficient to prevent hypercalcemia from developing in pa- 
tients treated by lower extremity traction for fractures. 

Once hypercalcemia is recognized, causes other than im- 
mobilization must be considered and ruled out. In patients 
with serum calcium levels above 14 mg/100 ml, however, 
vigorous therapy should be carried out while diagnostic 
studies are proceeding. Primary hyperparathyroidism of- 
fers the greatest difficulty in differential diagnosis of 
hypercalcemia in the immobilized patient because hypo- 
phosphatemia may be present in either. The symptoms in 
both conditions may be identical. Hypercalcemic crisis 
caused by immobilization, as was present in this patient, 
- has not, to our knowledge, been previously reported. 

A parathyroid hormone value obtained at the time of 
admission, when the serum calcium level was 15.6 mg/100 
ml, was definitely elevated. This was an unexpected find- 
ing. In the report of Lawrence et al of a 12-year-old boy 
with immobilization hypercalcemia, the immunoreactive 
parathyroid hormone level was depressed when his serum 
calcium level was 15 mg/100 ml. This is the only other in- 

formation available on parathyroid hormone levels in a 
patient with this condition. Although suppression of para- 
thyroid hormone secretion would be expected, further ex- 
perience will be required before any firm conclusions can 
be drawn. We have considerable confidence in the Hawker 
parathyroid hormone assay used in this case. During the 
past three years, we have had no false-positive parathy- 
roid explorations, based on this study, in nearly 100 pa- 
tients with suspected primary hyperparathyroidism. At 
the present time there have been no studies on parathy- 
roid hormone levels reported in previously active, immobi- 
lized patients with fractures. Diagnostic reliance on para- 
thyroid hormone levels alone in these circumstances seems 
unwarranted on the basis of current information. 
Because of the patients’ critical condition, cortico- 
steroids were administered immediately and serum cal- 
cium levels were monitored closely. The rapid response to 
intravenous fluid replacement and hydrocortisone noted 
would not be anticipated if hyperparathyroidism were 
present. Had the initial therapeutic efforts failed to lower 
the serum calcium level it was our intention to use mith- 


-~ ramycin. We have found this drug to be the most effective 


hypocaleemic agent available in the management of 
profound hypercaleemia caused by hyperparathyroidism. 
It Has the distinet advantage of lowering the serum cal- 
cium level without causing either soft tissue calcification 
or hypercalciuria. 

‚The response to therapy was not considered absolute 
evidence that this patient did not have hyperparathyroid- 
ism, although following initial measures taken, the patient 
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did maintain essentially normal serum calcium and phos- 
phorus levels on a program of ambulation and a low cal- 
cium diet. Additional diagnostic studies were performed 
during the next six months, including three more parathy- 
roid hormone assays, and these have not been in the range 
seen with hyperparathyroidism. A review of roentgen- 
ological studies taken immediately after the fracture 
showed no evidence of osteoporosis. Bone roentgenograms 
at the time of his hypercalcemic crisis showed diffuse os- 
teoporosis, but none of the other more specific bone 
changes of hyperparathyroidism. With subsequent com- 
plete healing of his fracture and full ambulation, he has 
had increased mineralization of his bones. These facts are 
considered further supportive evidence against the diag- 
nosis of hyperparathyroidism and are consistent with im- 
mobilization as the cause for his hypercalcemic crisis. 

The physician caring for a previously active, immobi- 
lized patient with a major fracture should suspect hy- 
percalcemia when symptoms or signs include anorexia, 
nausea, vomiting, irritability, constipation, muscular 
weakness, progressive weight loss, tachycardia, and exces- 
sive thirst.’ The clinician should be especially aware of 
this condition when the patient is a child. Although 
profound hypercalcemia occurring as a result of immobili- 
zation is rare, it can progress to crisis levels, as illustrated 
by this case. The importance of this syndrome lies in the 
fact that it is readily treated if recognized early. 


Charles Hawker, MD, Laboratory Procedures, Upjohn Company, Kala- | 


mazoo, Mich, performed the parathyroid hormone assays. 


Nonproprietary Name and 
Trademark of Drug 


Mithramycin—Mithracin. 
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A valuable guide to diagnostic and therapeutic procedures 
for the cancer patient 


Current Concepts in Cancer 


While national attention focuses on cancer through specialized cancer 
centers, physicians are aware that the majority of cancer patients 
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- are treated in office practices. For most practicing physicians, can- 


cer treatment is not a research objective, but a very practical prob- 
lem in patient management. 


Current Concepts in Cancer, a compilation of articles originally 
published in the Journal of the American Medical Association, is 
designed to be a guide for the practitioner in the choice of diagnostic 
and therapeutic procedures for many types of malignancies. It pre- 
sents an objective interdisciplinary view by MDs outstanding in their 
respective fields, emphasizing principles of diagnosis and surgical, 
radiotherapeutic, and chemotherapeutic treatment. 


Make this important resource a part of your reference file. Order 


your copy today. 
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Santyl® (collagenase) - 7 
Indications: Santy! Ointment is indicated for debrid- 
ing dermal ulcers and severely burned areas. In othtr 
types of necrotic skin lesions reports on the use of 
Santy! Ointment have been limited to clinical observa- 
tions without controls. 


Contraindications: Application is contraindicated in 
patients who have shown local or systemic,hypersen- 
sitivity to Collagenase. 


Precautions: The enzyme's optimal pH range is 7 to 
8. Lower pH conditions have a definite adverse effect 
on the enzyme's activity, and appropriate precautions 
should be taken. 


The enzymatic activity is also adversely affected by 
detergents and hexachlorophene and heavy metal ions 
such as mercury and silver which are used in some 
antiseptics. When it is suspected such materials have 
been used, the site should be carefully cleansed by 
repeated washings with normal saline before Santyl 
Ointment is applied. Soaks containing metal ions or 
acidic solutions such as Burow’s solution should be 
avoided because of the metal ion and low pH. Cleans- 
ing materials such as hydrogen peroxide or Dakin's 





solution do not interfere with the activity of the enzyme. 


Debilitated patients should be closely monitored for 
systemic bacterial infections because of the theoreti- 
cal possibility that debriding enzymes may increase 
the risk of bacteremia. 


The ointment should be confined to the area of the 
lesion in order to avoid the risk of irritation or macer- 
ation of normal skin. 


A slight erythema has been noted occasionally in the 
surrounding tissue particularly when the enzyme oint- 
ment was not confined to the lesion. This can be read- 
ily controlled by protecting the healthy skin with a 
material such as Lassar's paste. 


Since the enzyme is a protein, sensitization may de- 
velop with prolonged use although none has been 
observed to date. 


Adverse Reactions: Adverse reactions to Collagenase 
have not been noted when used as directed. 


Dosage & Administration: Santy! Ointment should be 
applied once daily (or once every other day in the 
case of outpatients) in the following manner. 


(1) Prior to application the lesions should be gently 
cleansed with a gauze pad saturated in normal saline, 
buffer (pH 7.0-7.5) or hydrogen peroxide to remove 
any film and digested material. 


(2) Whenever infection is present, as evidenced by 
positive cultures, pus, inflammation or odor, it is de- 
sirable to use an appropriate topical antibacterial agent. 
Neomycin-Bacitracin-Polymyxin B (Neosporin) has 
been found compatible with Santyl Ointment. This 
antibiotic should be applied to the lesion in powder 
form or solution prior to the application of Santyl 
Ointment. Should the infection not respond, therapy 
with Santyl Ointment should be discontinued until 
remission of the infection. 


(3) Santy! Ointment should be applied (using a wooden 
tongue depressor or spatula) directly to deep wounds, 
or, when dealing with shallow wounds, to a sterile 
gauze pad which is then applied to wound. The wound 
is covered with sterile gauze pad and secured with 
clear tape or Kling bandage. 


(4) Crosshatching thick eschar with a #11 blade is 
helpful. It is also desirable to remove as much loos- 
ened detritus as can be done readily with forceps and 
scissors. 


(5) All excess ointment should be removed each time 
dressing is changed. 


(6) Use of the ointment should be terminated when 
sufficient debridement gf necrotic tissue has taken 
place. 


Overdose: Action of the® enzyme may be * stopped, 
should this be desired, by the application of Burow’s 
solution U.S.P. (pH 3.6-4.4) to the lesion. 


How Supplied: Santyl Ointment contains 250 units of 
Collagenase enzyme per gram of white petrolatum 
U.S.P. The potency assay of Collagenase is@aged on 
the digestion of undenatured collagen (from bovine 
Achilles tendon) at pH 7.2 and 37° C. for 24 hours. 
The number of peptides cleaved are measured by 
reaction with ninhydrin. fhe eager released by a tryp- 
sin digestion control are subtracted. One net Collage- 
nase unit will solubilize ninhydrin reactive material 
equivalent to 4 micromoles of Leucine. 


(<3 Knoll Pharmaceutical Company 
4 Whippany, New Jersey 07981 
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M.F. 52 years old 
Spinocerebellar 


A.R. 79 years old 
Cerebral! arteriosclerosis, 
cerebral thrombosis with 
residual right hemiplegia, 
vascular insufficiency of 
both legs 


epilepsy 





P.J.: One of 17 patients with decubiti successfully 
treated with SANTYL* 

P.J., 83 years old, has Parkinson's disease and general 
atherosclerosis —conditions that make him particularly 
vulnerable to decubitus ulcers. An ulcer developed on 
the occipital area of his head and remained resistant to 
conventional therapy for one month(A). 


Just ten days after once-daily applications of SANTYL 
began, P.J.’s ulcer was completely free of necrotic 
material, the inflammation had subsided, and fresh 
granulation tissue was well established(B). As photo (C) 
demonstrates, 42days after SANTYL was discontinued, 
P.J.’s decubitus ulcer was completely healed. 


Seventeen of 21 nursing-home patients recently treated 
with SANTYL also experienced very favorable results* 
The investigator concluded: 


SANTYL*® Ointment “...is an effective and safe debriding 
agent which promptly attacks necrotic matter and fibers 
of undenatured collagen, paving the way for granulation, 
epithelizatioh and healing!” ARSU 3 , 


See adjoining column for contraindications, pregautions, and adverse reactions 


degeneration, paraplegia, 


M.J. 56 years old 
multiple sclerosis, 
contractures of lower 
extremities 


e digests native collagen, a 
substance ordinarily resistant 
to all common enzymes used in 
wound debridement 


e dissolves denatured collagen, 
the main constituent of dense 
eschar and necrotic debris 

e dissolves collagenous strands 
that anchor debris to the wound 
surface 

e debrides rapidly 

e simple, once-a-day application 

e easy to use; merely cleanse the 
lesion with normal saline or 
hydrogen peroxide and apply 
SANTYL 

e may be used with Neosporin“ 
Powder if infection is present 

e available in 25 gm jars as 
sterile ointment 


*Rao DB: Collagenase in the treatment of dermal and 
decubitus ulcers. J Amer Geriat Soc, to be published. 
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Hamartomatous Polyp of the Esophagus 


Bhanukumar Shah, MD; Lawrence Unger, MD; Henry J. Heimlich, MD 


Hamartomatous polyp of the cervical esophagus in a 60-year-old 
man was treated by local resection, and the patient did well. The his- 
topathologic findings showed a predominance of cartilaginous tis- 
sue, but the specimen also contained glandular structures and adi- 
pose tissue. The diagnosis was choristoma or hamartoma. Review of 
the literature shows this to be the third case reported. 


Boe tumors of the esophagus are rare, as several sur- 
veys of the literature attest. In an extensive review 
by Chi and Adams' covering 1712 to 1948, only 209 benign 
esophageal tumors were reported. Of these, only 41 were 
polyps (commonly known as fibrovascular polyps), none of 
which was a hamartoma. In 1963, Fuller? presented a case 
of a pedunculated intraluminal esophageal hamartoma. 
He further suggested that most fibrovascular polyps of 
the esophagus, except lipomas, are actually hamartomas. 
Since then, one more case of hamartomatous polyp of the 
esophagus has been described.* We present the third 
known hamartomatous polyp of the esophagus. 


REPORT OF A CASE 


A 60-year-old man was seen by his physician because of vague 
midchest pain of short duration, radiating along the fourth and 
fifth left ribs. The pain was unrelated to swallowing, breathing, or 
exertion. Results of a physical examination were noncontributory. 

A roentgenogram of the esophagus revealed an oval polypoid le- 
sion located in the upper part of the thoracic esophagus without 
obvious obstruction. It appeared to have a long pedicle attached to 
the upper part of the cervical esophagus (Fig 1). Endoscopic ex- 
amination with flexible esophagoscope confirmed the presence of a 
seemingly soft mass in the thoracic esophagus, covered by smooth 
normal esophageal mucosa. A biopsy examination over the mass 
confirmed the presence of normal esophageal mucosa. 


Accepted for publication Sept 18, 1974. 
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Fig 1.—Polypoid lesion in thoracic esophagus. 


An attempt was made to bring the polyp into the mouth through 
a rigid esophagoscope for peroral resectioņ; however, the polyp 
could not be delivered from its fixed location. 4 left cervical esoph- 
agotomy through an anterior sternocleidomastoid approach was 
then performed. A Foley catheter was passed through the esoph- 
agotomy beyond the polyp, then withdrawn with the balloon in- 
flated. This maneuver delivered through the esophagotomy a $ x6- 
cm hard mass, covered by smooth esophageal mucosa. The polyp, 
which had a broad but short stalk attached to the anterior aspect 
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Fig 2.—Left, Polyp with Allis clamps on pedicle. Right, Cut surface of lesion. 


Fig 3.—Left, Glandular, adipose, and cartilaginous tissue (hematoxylin-eosin, x 100). Right, Elastic cartilage (Van Gieson, x 440). 
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of the cervical esophagus, was resected (Fig 2, left). The esoph- 
agotomy was closed in two layers, an inner layer of 2-0 chromic 
catgut and an outer layer of 3-0 silk. 

The patient’s postoperative course was uneventful. At the time 
of discharge, he ate a regular diet without any discomfort. 


PATHOLOGIC FINDINGS 


The specimen was an oval-shaped, hard mass covered by pink- 
ish-tan mucosa. Cut surface was smooth, glistening with inter- 
mittent bright yellow and pinkish-gold zones (Fig 2, right). Micro- 
scopically, the lesion was covered by benign stratified squamous 
epithelium. The stroma showed predominance of cartilaginous tis- 
sue with tinctorial properties of elastic cartilage; the cartilaginous 
tissue was interspersed within adipose tissue. Occasional glandu- 
lar structures were present (Fig 3). The final pathologic inter- 
pretation was a polypoid malformation of the esophagus appropri- 
ately designated as choristoma. 


COMMENT 


Fibrovascular polyps of the esophagus are rare com- 
pared with malignant tumors of the esophagus. They have 
been termed fibroma, lipoma, myoma, leiomyoma, fibro- 
lipoma, and others. Although usually benign, some malig- 
nant polyps, such as carcinosarcoma and leiomyosarcoma, 
have been described.* 

Fuller’s? case of a hamartomatous polyp was in a 61- 
year-old man who had gradually progressive dysphagia of 
short duration. A roentgenogram of the esophagus re- 
vealed a smooth polyp in the upper part of the esophagus. 


This tumor was excised through a right lateral esoph- 


agotomy. The polyp was attached by a long pedicle to the 
right lateral wall of the upper part of the esophagus. His- 
tologie section revealed fibroadipose connective tissue 
intermingled with mucous glands and mucous retention 
cysts, covered by stratified squamous epithelium. Dieter et 
al’ reported a 6-year-old girl with a hamartomatous polyp 
of the esophagus. This young patient was admitted with a 
history of breathing difficulty, wheezing, and recurrent 
respiratory tract infection since birth. At the age of 2 
months, she underwent right exploratory thoracotomy for 
excision of a partially obstructing tumor of the mid- 
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esophagus that had been seen at prior esophagoscopy. At 
the time of surgery, however, no tumor could be palpated. 
She underwent a second exploration at the age of 6 years, 
at which time a broad-based polyp was excised from the 
cervical esophagus. The specimen was trilobulated and 
measured 4X2.5X1 cm. The histologic section revealed 
gastric mucosa, ciliated respiratory epithelium, and meta- 
plastic respiratory epithelium. There were islets of carti- 
lage and numerous tubules lined by respiratory epithe- 
lium. 

Our patient was admitted with minimal midchest pain, 
unassociated with swallowing disorder. Roentgenographic 
findings were typical of an oval polypoid mass in the tho- 
racic esophagus without much evidence of obstruction. De- 
spite the roentgenographic appearance suggestive of a 
long pedicle in our patient, the lesion could not be brought 
up in the mouth. This was explained because, in actuality, 
it had a short pedicle. Histologic sections were confirma- 
tory of hamartoma along with scattered areas of elastic 
cartilage interspersed within fatty tissue. Our patient did 
well postoperatively, and did not have any difficulty in 
swallowing. | 

The symptoms and signs of hamartomatous polyp of the 
esophagus are so similar to other varieties of polyps of the 
esophagus that definitive diagnosis can be made only af- 
ter surgical excision. 


This investigation was supported by the Dysphagia Foundation, Inc. 
Carl Sedacca, MD, performed the endoscopic examination. 
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Control of Arteriovenous Fistula 
of Splenic Vessels by Fogarty Catheter 


James V. Zelch, MD, Robert E. Hermann, MD 


A large arteriovenous fistula of the splenic vessels was identified 
by angiography. A splenic-artery-to-splenic-vein fistula developed 
shortly after a staging procedure for Hodgkin disease. A second sur- 
gical procedure failed to adequately control the arteriovenous com- 
munication. Intra-arterial obliteration of the fistula was accom- 
plished by use of a Fogarty catheter. 


he use of angiography in the diagnosis of a vari- 
ety of clinical problems is well known. Because of the 
fact that all major arteries can be selectively catheterized 
safely within minutes, increasing efforts have been di- 
rected toward intra-arterial manipulations for treat- 
ment.'-> The case we are reporting and the manipulation 
required is not unique; however, the severity of the arte- 
riovenous fistula and the difficulty in achieving surgical 
control, coupled with the relative simplicity of the an- 
giographic obliteration of this fistula, are noteworthy. 
There are a few published case reports of fistulous com- 
munication between the splenic or mesenteric arteries and 
the portal venous system.*'° The causes of these com- 
munications include congenital, acquired, and iatrogenic 
lesions. At present, less than 12 cases of fistulous commu- 
nication between the splenic artery and splenic vein fol- 
lowing splenectomy have been reported.” Most of these 
cases were believed to be the result of suture ligation of 
the artery and vein during splenectomy. This report de- 
scribes an unusual case of a massive splenic arteriovenous 
fistula that occurred in the immediate postoperative pe- 
riod, causing metabolic disturbances from the acute portal 
hypertension that developed, and a method of angiograph- 
ic obliteration of the splenic artery. 


REPORT OF A CASE 


A 19-year-old man was admitted to the Cleveland Clinic Hospi- 
tal for staging of Hodgkin disease on Nov 4, 1978. 

On physical examination, the only significant abnormal findings 
were an enlarged spleen and the mass in the left supraclavicular 
region. Results of all laboratory tests, a chest roentgenogram, 
and a liver biopsy examination were normal. A lymphangiogram 
showed displacement of the periaortic nodes characteristic of 
Hodgkin disease. 

On Nov 12, 1973, the patient underwent abdominal exploration 
for staging. A splenectomy, liver biopsy specimen, left para-aortic 
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node chain biopsy specimen, and mesenteric and celiac lymph 
node biopsy specimens were obtained. Atypical hyperplasia of the 
spleen, suggestive but not diagnostic of Hodgkin disease, was 
found. The results of the lymph node and liver biopsy examina- 
tions were normal. At the time of splenectomy, the splenic artery 
and vein were separately identified, clamped, divided, and ligated 
with silk sutures. 

The patient made an uncomplicated recovery and was dis- 
charged on the ninth postoperative day. Five days later, the pa- 
tient was readmitted to the hospital for a sudden, sharp pain in 
the left upper quadrant of the abdomen, following which he be- 
came hypotensive. He was taken to his local hospital where 2 units 
of blood were replaced and he was transferred to the Cleveland 
Clinic. The diagnoses of acute pancreatitis, localized peritonitis, or 
left upper quadrant intra-abdominal hemorrhage were consid- 
ered. On observation alone, the patient gradually became asymp- 
tomatic. 

On Jan 19, 1974 (two months after laparotomy) a recurrence of 
the severe abdominal pains, weight loss, and diarrhea led to a 
third admission to the Cleveland Clinic Hospital. A barium gas- 
trointestinal tract examination showed displacement of the stom- 
ach and a diffuse edematous pattern of the small bowel and colon 
(Fig 1). A paracentesis on Jan 30, 1974, recovered 1000 ml blood- 


Fig 1.—Upper part of gastrointestinal tract showing displacement 
of bowel and stomach from left upper quadrant and diffuse edema 
of small bowel. 
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Fig 2.—Right, Selective celiac arteriogram at 1.5 seconds from 
start of injection. Splenic artery connects with splenic vein (arrow). 
Left, Late phase substraction film demonstrating huge false aneu- 





rysm in left upper quadrant, massive splenic vein enlargement, gas- 
tric and esophageal varices, and reversal of flow in superior mesen- 
teric vein. 


Fig 3.—Top, Fogarty catheter exits tip of angiographic catheter. 
Middle, Balloon is inflated with contrast medium and is advanced to 
site of narrowing of splenic artery. Bottom, Contrast injection from 
second angiographic catheter shows obliteration of forward flow at 
inflated balloon. 


Fig 4.—Celiac injection demonstrating complete obliteration of 
splenic artery. 
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Bs _ tinged ascites. On Feb 2, 1974, the patient experienced massive 
rectal bleeding and angiography was requested. Splanchnic angi- 
ography, which included injections of the superior mesenteric, in- 
ferior mesenteric, and celiac axis arteries, failed to isolate a spe- 
cific bleeding point. The study did demonstrate a massive fistula 
between the splenic artery and splenic vein, with a huge false an- 
eurysm of the left upper quadrant (Fig 2). | 

A second surgical procedure was performed on Feb 2, 1974, to 
obliterate the false aneurysm and arteriovenous fistula in an ef- 
fort to relieve the patient’s acute portal hypertension. The left up- 
per quadrant was explored; a hematoma and false aneurysm cav- 
ity were identified. An attempt to oversew and ligate the splenic 
artery was made, and the left upper quadrant of the abdomen was 
packed. Postoperatively, the patient experienced a recurrence of 
metabolic disturbances and developed a distended abdomen and a 
low-grade fever. On Feb 13, 1974, an abdominal bruit was audible 
and a second angiographic study revealed a recurrence of the ar- 
teriovenous fistula. Under fluoroscopic control, a small Fogarty 
catheter was placed proximal to the fistulous communication and 
was inflated. The abdominal bruit disappeared, and the patient 
_ was carefully observed during the following six days. On Feb 19, 
1974, the Fogarty balloon was deflated and removed. 

The patient remained ill with a draining left subphrenic abscess 
for an additional four to six weeks, but gradually recovered and 
was discharged from the hospital on March 31, 1974. On monthly 
follow-up for seven months, he has remained afebrile, has gained 
weight and strength, and has returned to full activity with no ab- 
dominal bruit. 


TECHNIQUE 


Transfemoral arterial catheterizations were performed using 
the Seldinger technique and visceral catheters. The catheter was 
passed selectively into the splenic artery, and an injection of 49 ml 
of 76% diatrizoate meglumine was used to demonstrate the patho- 
logic condition. Under careful fluoroscopic monitoring, the large 
catheter (8F) was advanced toward the fistulous communication. 
A No. 2 Fogarty catheter was passed through the visceral catheter 
and the balloon was inflated (Fig 3, top and middle). 

A second catheter was introduced through the left femoral ar- 
tery, and injection demonstrated obliteration of the splenic artery 
at the site of the inflated balloon (Fig 3, bottom). Several millili- 
ters of the patient’s blood were collected, and thrombin was added 
to induce clotting. This autologous clotted blood was then injected 
through a second catheter and lodged proximal to the inflated bal- 
loon. An injection of contrast material through the second cathe- 
ter confirmed the obliteration of the splenic artery. The visceral 
catheters were removed and the inflated Fogarty balloon was left 
in place for six days. 

Removal of the Fogarty catheter was monitored by a second 
catheter inserted through the left femoral artery and placed into 
the celiac axis. The balloon was deflated and removed. A contrast 
injection through the left femoral catheter demonstrated patency 
of the hepatic artery and only minimal flow through the splenic 
artery. A small quantity of clotted blood was once again injected, 
and a final angiographic study demonstrated total occlusion of the 
splenic artery (Fig 4). 


COMMENT 


Systemic-portas arteriovenous fistulas are rare but eas- 
ily diagnosed by angiography. The classical clinical syn- 
drome of high output cardiac failure seen in most cases of 
artegiovenous communications is replaced by a wide array 
of signs and symptoms in the splanchnic circulation."* The 
presence of an abdominal bruit is an almost constant find- 
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ing, and portal hypertension results ‘from.an inflow over- 
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load that surpasses the drainage capacity of the liver. Al r 
previous splanchnic arteriovenous fistulas have developed 


three to 12 years after surgery and have required surgical _ 


correction. 
The great majority of previous reports of the method 


have involved the use of angiographic catheterizations to 


obliterate arterial abnormalities of small or medium-sized 
vessels. This case demonstrates that larger vessels with 
substantial blood flow are amenable to intraluminal non- 
operative occlusion. The procedure can be performed 
quickly and utilizes readily available materials. Specially 


designed double-lumen balloon catheters, through which 


contrast medium can be injected distal to-the inflated bal- 
loon, are available and should expedite the procedure." 


In the case presented, an aggressive roentgenographic _ 


approach to a massive vascular abnormality was applied 
to a patient in whom the risk of surgery was substantial. 
The use of deliberate selective intra-arterial maneuvers 


should not be considered a last effort. Obviously, if this — 


type of procedure is successful on critically ill patients, it 
is also of value to others. 

Angiographic obliteration of arterial leaks is possible, 
whether the leaks are acute, secondary to trauma or sur- 
gery, or subacute, as seen in arteriovenous communica- 
tions. One need not be daring or particularly clever to per- 


form this procedure, and the patient need not suffer the | 


morbidity associated with a major surgical procedure. 
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Liver Failure After 
Jejunoileal Shunt 


Maj Richard J. Andrassy, MC, USAF; 
Lt Col Roderick C. Haff, MC, USAF; 
Capt Richard W. Lobritz, MC, USAF 


Reports of fatty infiltration of the liver following jejunoileal shunt 
for obesity and hyperlipemia are frequent. Cases of overt liver fail- 


ure, in contrast, are rare and poorly documented following the vari- 


ous types of small bowel bypass. Fifteen months after jejunoileal by- 
pass, a 41-year-old nonalcoholic woman whose preshunt liver 
function was chemically normal :was found to have morbidly abnor- 
mal liver chemistry values. A biopsy examination demonstrated se- 
vere fatty metamorphosis bordering on frank cirrhosis. Reversal of 
her shunt led to return of her liver chemistry values to normal and 
reversal of the morphologic changes noted at biopsy examination. 

Close follow-up of patients subjected to small bowel bypass for 
obesity or hyperlipemia is mandatory. If liver function abnormalities 
persist for more than six months, strong consideration should be 
given to reversal of the shunt. . 


| Giep bypass procedures for morbid obesity have 
been used experimentally in selected patients since 
1962 when Lewis and associates’ reported two patients in 
whom jejunocolic bypasses were undertaken for intrac- 
table morbid obesity. Jejunocolic bypasses have been asso- 
ciated with excessive complications, including irreversible 
liver disease, and have since been abandoned. The jejuno- 
ileal bypass procedure as described by Payne and DeWind’ 
and as modified by Scott and Law’ has been described as 
safe in most reports.” In November 1972, McGill and col- 
leagues” reported a case of postoperative liver failure and 
death following jejunoileal bypass. Their review of the lit- 
erature did not reveal well-documented cirrhosis following 
the jejunoileal bypass. They concluded that, on the basis of 
reports to date, liver failure is uncommon in the patient 
who has undergone a 35.6 to 10.2-cm (14 to 4-inch) jejuno- 
ileal shunt. Our extensive review of the literature con- 
firms this conclusion. This article reports the development 


_ of abnormal liver function test results and biopsy-proven 


pathologic changes following this procedure with later re- 
versal of liver failure and pathologic findings. 


REPORT OF A CASE 


A 41-year-old woman with a history of obesity since the age of 
12 was admitted to another facility to be evaluated for morbid 
obesity. Preoperative evaluation revealed normal liver function 
test results, sulfobromophthalein test, and liver scan. There was 
no history of ethyl alcohol intake or previous history of hepatitis. 
No base-line liver biopsy specimen was obtained. On June 9, 1972, 
the patient underwent a jejunoileal bypass with 35.6 cm (14 
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inches) of jejunum distal to the ligament of Treitz anastomosed 
end-to-end to 10.2 cm (4 inches) of ileum proximal to the ileocecal 
valve. The patient’s preoperative weight was 145.5 kg (322 lb). The 
patient did well postoperatively and had approximately four to 
eight bowel movements per day. In August 1973, she developed a 
form of polyarthritis and was hospitalized. Liver function tests 
revealed an alkaline phosphatase value of 27 King-Armstrong 
units/100 ml (normal, 17 King-Armstrong units/100 ml) and a 
serum glutamic oxaloacetic transaminase (SGOT) value of 153 
mp/ml (normal, 48 mpu/ml). A liver biopsy examination revealed 
severe fatty infiltration, marked portal fibrosis with entrapment 
of hepatocytes, and portal triaditis. Some areas revealed necrosis 
of hepatocytes with eosinophilic inclusions suggestive of Mallory 
bodies (Fig 1 and 2). No cause for the polyarthritis was ascer- 
tained, and this spontaneously cleared in the hospital. The patient 
was transferred to this facility on Sept 19, 1973. Results of a phys- 
ical examination were unremarkable, and the liver was not pal- 
pable. Her weight was now 91.3 kg (202 lb). Liver function tests on 
admission here revealed an alkaline phosphatase level of 320 in- 
ternational units (IU) (normal, 85 IU). Laboratory studies dis- 
closed the following values: SGOT, 150 my/ml (normal, 48 my/ml); 
lactic dehydrogenase, 210 IU/liter (normal, 90 to 200 IU/liter); 
creatine phosphokinase (CPK), 25 IU (normal, 10 to 50 IU); and 
bilirubin, 0.8 mg/100 ml. Electrolytes, blood urea nitrogen, creati- 
nine, calcium, and phosphate values were within normal limits. 

On Sept 21, 1973, the patient underwent surgery. The previous 
bypass was taken down and normal anatomy was restored. Post- 
operatively the patient did well and was discharged on the tenth 
postoperative day. Liver function values rapidly returned toward 
normal and by November 1973 were all within normal limits. The 
patient returned in February 1974, at which time liver function | 
tests, a sulfobromophthalein test, and a percutaneous liver biopsy 
examination were performed. Results of the liver function tests 
and the sulfobromophthalein test were normal. The liver biopsy 
examination revealed complete resolution of the fatty infiltrate 
and no evidence of necrosis of hepatocytes. Mild portal fibrosis re- 
mains (Fig 3 and 4). The patient will continue to be observed in 
the out-patient clinic. 


COMMENT 


Intestinal bypass procedures for severe obesity have 
been performed with increasing frequency during the 
past 12 years. The incidence of cirrhosis following the 
jejunoileal shunt is extremely difficult to document. The 
majority of patients selected for this procedure have pre- 
operative fatty infiltration. Many have abnormal sulfobro- 
mophthalein test results with otherwise normal liver func- 
tion test results. 

After bypass, the liver generally becomes further infil- 
trated with fat, but this usually clears spontaneously after 
several months. The SGOT and alkaline phosphatase ele- 
vations are frequently seen transiently postoperatively. 

Although a review of the early literature reveals a 5% to 
10% incidence of cirrhosis after the jejunocolic shunt, the 
frequency after jejunoileal shunts is difficult to ascertain. 
Drenick et al” reported one case of posstble early cirrhotic 
changes, but made no mention of preopefative liver fuilnc- 
tion tests or biopsy examination and the liver enzymes did 
not become abnormal in the case described. 

Maxwell et al" reported one case of hepatomegaly with 
fatty degeneration. The alkaline phosphatase value was 
within normal limits, while the total bilirubin level was 2.4 
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Fig 1.—Severe fatty infiltration involving nearly all hepatocytes Fig 2.—Severe fatty infiltration and area of portal fibrosis. Entrap- 
(hematoxylin-eosin, x 100), ment of hepatocytes in fibrotic process is notable, as well as portal 
triaditis (hematoxylin-eosin, x 400). 





Fig 3.—Complete resolution of fatty infiltration after takedown of Fig 4.—Fibrosis along with mild portal triaditis still present. Note 
shunt (hematoxylin-eosin, x 100). bile duct proliferation also (hematoxylin-eosin, x 400). 
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m mg/100 ml. After tukeibwh, the liver decreased in size 
. al nd his patient did well. 
E McGill et al"? reported a well-documented case of cir- 
A _rhosis and death 11 months after jejunoileal shunt in a 
~ nonalcoholic woman. 
Ps. The majòrity of large series, however, report no evi- 
dence of liver disease other than occasional fatty infil- 
_ tration." Many possible causes for the fatty degenera- 
4 ‘2 tion have been proposed, but none as yet proved: (1) 
hepatitis; (2) rapid lipid mobilization; (3) essential fatty 
acid deficiency (malnutrition); (4) absorption of hepato- 
E Eet »xic material from the colon or from the “blind” loop (sec- 
% a To to bile acids); (5) protein malabsorption. White and 
his associates" recently likened the lesion in small bowel 
b patients to kwashiorkor, and found decreased ab- 
sorption of leucine, lycine, and glycine in their patients. 
Although the suggestion of possible liver failure is fre- 
quently made, on the basis of reports to date, liver failure 
. jejunoileal bypass is quite rare. 
The liver biopsy specimen taken 14 months after the by- 
- pass procedure revealed severe fatty infiltration that in- 
~ volved nearly all the hepatocytes. There was marked por- 
tal fibrosis with entrapment of hepatocytes, as well as a 
"Mononuclear portal triaditis. Some areas revealed actual 
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necrosis of hepatocytes with eosinophilic inclusions sug- 
gestive of Mallory bodies. No specific pseudolobules or 
regenerative nodules can be identified, and hence these 
changes fall somewhat short of the criteria for cirrhosis as 
recently outlined by Smetana." 

These changes have been described by some as “pre- 
cirrhotic” or “cirrhotic”; however, they are still reversible 
at this point and hence are not true cirrhosis. 

This case strongly supports the previously proposed po- 
tential hazard of liver damage after jejunoileal bypass. 
Anatomical reversal of the procedure led to normal liver 
function. These patients should be maintained on a high 
protein, vitamin-supplemented diet and should avoid alco- 
hol. If the initial operative liver dysfunction does not show 
signs of resolution by the fourth to sixth postoperative 
month, the shunt should be taken down. Extremely close 
observation of these patients over the first two years post- 
operation is absolutely essential for their continued well- 
being. 

Further documentation of the true incidence of sub- 
stantial liver function abnormality and hepatic failure is 
needed if use of this procedure is to be continued on an in- 
creasing scale. 
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Detection and Localization of | E 


Intra-abdominal Abscesses by a 


Diagnostic Ultrasound 


Richard O. Friday, MD; Patricio Barriga, MD; Andrew B. Crummy, MD 


In four patients, intra-abdominal abscesses were identified by ul- 
trasonic technique: a right lower quadrant abscess in Crohn dis- 
ease, a pyogenic liver abscess, a pelvic abscess following rejection 
and removal of a transplanted kidney, and a perinephric abscess. In 
all four the establishment by ultrasound that the mass was filled 
with fluid was critical in guiding drainage. Diagnostic ultrasound is a 
safe and effective means for the detection, localization, and charac- 
terization of retroperitoneal, intraperitoneal, or intraparenchymal in- 
flammatory masses. 


. of an intra-abdominal abscess is a major 

clinical problem. The development of these lesions is 
frequently insidious; their manifestations are perplexing 
and their diagnosis and localization difficult. Failure to de- 
tect their presence in a timely fashion adds substantially 
to morbidity and mortality. 


For editorial comment see page 245. 


The major problem rests with the difficulty in establish- 
ing the diagnosis. Even after an abscess is suspected, lo- 
calization of the lesion may be extremely difficult. Tech- 
niques such as isotopic scanning, angiography, fluoroscopy 
(of the diaphragm), barium studies, and so on have been 
useful, alone or in combination, but more specific methods 
are needed.’ We have had favorable experience with the 
use of diagnostic ultrasound. 

Diagnostic ultrasound is an evolutionary by-product of 
military sonar. It has several distinct advantages. Exten- 
sive investigation has failed to show any hazard at the 
energy levels used in clinical diagnosis. Ultrasound waves 
are noninvasive, and like x-rays, are not perceived by the 
patient. The examination is safe, can be performed with- 
out patient discomfort, and serial studies are practicable. 


BASIC PRINCIPLES AND TECHNIQUE 


When an electric current is applied to a synthetic piezoelectric 
crystal, the crystal will vibrate and emit very high frequency 
sound waves. With current clinical instrumentation, the trans- 

ducer (crystal) emits sound waves approximately 1% of the time; 
during the remainder of the time it acts as a receiver. The sound 
wafes are emitted*in straight lines from the surface of the trans- 
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ducer; some are reflected at tissue interfaces while others are not. 
The reflected waves are received by the transducer, and are in 
turn converted into electrical signals that are displayed on an os- UN 
cilloscope or strip chart recorder. mH 
The velocity of sound in tissues is essentially constant; there- 
fore, the time necessary for a beam of sound waves to travel from 
the transducer to a reflecting surface and back provides a mea- 
sure of the distance of that structure from the transducer. From a 
display of such echoes, the distance from the skin to a reflecting - 
surface, or from one reflecting surface to another, can be mea- _ 
sured. The vertical displacement of the pulses displayed on the os- 
cilloscope is related to the intensity of the sound beam that has 
been reflected. A display limited to a series of such pulses is called 
“A mode.” With “A mode,” a structure can be located and its 
diameter along the path of the sound beam determined. 
In “B mode” display, each echo appears on the oscilloscope asa 
dot (as if viewing the pulse from above). As the transducer is 
moved in across the area being examined, all the resultant echoes __ 
are displayed as dots, creating an image that represents a cross 
section of the plane traversed by the beam of sound waves (Fig 1). 
In this mode, organ outlines are generated. - 
Regardless of mode, further information can be obtained by al- 
tering the sensitivity of the receiver electronics. For example, 
fluid-filled structures are sonically homogeneous, readily transmit — A 
sound waves, and, at high sensitivities, do not have internal 
echoes. On the other hand, solid structures absorb sound waves 
readily and have internal echoes at high sensitivities. Therefore,  _ 
the nature of a structure, ie, whether cystic or solid, can be deter- — 2 
mined by altering the sensitivity level of the transducer electronics. as 
It is necessary that the ultrasonic transducer be closely applied _ 
to the skin. This is done by applying mineral oil or gel to the skin 
at the site of examination. The presence of drains and dressings a 
may interfere with adequate skin contact. If one angles the trans- 
ducer or examines the patient from the side or in the prone or su- 
pine position, one may obtain a satisfactory examination. On occa- __ 
sion, air or barium in the bowel may interfere with the 
transmission of sound. Usually these difficulties can be overcome 


Fig 1.—Schematic representation of B-mode ultrasound scan 
through right-sided abdominal mass. Composite picture (far right) z 
would be displayed on oscilloscope screen and photographed. E 
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by examining the patient following the introduction of a decom- 
pression tube or the use of enemas to evacuate the bowel. In most 
instances, the application of some ingenuity and perseverance will 
produce a technically adequate scan. Occasionally serial examina- 
‘tions are necessary. 

A full urinary bladder is very helpful in the evaluation of the 
abdomen. The gain level at which internal echoes appear in the 
bladder can be used as a comparison with other structures. If the 
echoes appear at a lower sensitivity level than the bladder, this 
would suggest the presence of internal structures such as septi, 
calcium, debris, and so on. In addition, the bladder is a very help- 
ful anatomic landmark. This is of particular advantage when one 
is examining the pelvis. If there is any question of mistaking the 
presence of a sonolucent mass for that of the urinary bladder, a 





Fig 2.—_Transverse scan across lower part of abdomen (case 1) 
clearly demonstrates mass (arrow). Lack of echoes at high sensi- 
tivity identifies its cystic nature. 


Fig 4.—Left, Longitudinal midline scan (case 3) demonstrates 
mass (large arrow) separate and superior to bladder, which is dis- 
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second sean following urination will clarify the findings. Thus, ul- 
trasound not only provides a technique for detection of an intra- 
abdominal mass and its relationship to other structures, but oan 
help ascertain if the mass is cystic, solid, or of mixed consistency. 

The following cases illustrate the utility of ultrasound in the 
diagnosis of intra-abdominal inflammatory disease. 


REPORT OF CASES 


Case 1.—A 59-year-old man with advanced rheumatoid arthritis, 
Felty syndrome, cirrhosis, and severe regional enteritis was ad- 
mitted to the hospital because of intermittent small bowel ob- 
struction and a large right lower quadrant mass. He was afebrile, 
with white blood cell counts in the range of 2,500/cu mm with a 
minimal shift to the left. Diagnostic considerations included ad- 
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Fig 3.—Longitudinal scan of liver (case 2) at 10 cm to right of 
midline shows echo-free mass in region of right lobe (arrow). Trans- 
verse scan (not shown) demonstrated mass to be within liver. At 
higher gains (not shown), area remained echo-free and showed 
strong back-wall echoes, indicating it was fluid-filled. 


tended by saline (small arrow). Right, Transverse scan at high sensi- 
tivity through abscess (arrow) demonstrates its cystic nature. 
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Fig 5.—Transverse scan (case 4) in prone position, 5 cm above 
iliac crest, demonstrates abscess compressing right kidney (arrow). 
Normal left kidney is also identified. 


herent loops of small bowel or mesentery, a right lower quadrant 
abscess, or a combination of these. Ultrasound examination of the 
abdomen revealed a large fluid-filled mass in the right lower quad- 
rant that was presumed to be an abscess (Fig 2). Extraperitoneal 
drainage of a large abscess that contained Escherichia coli was 
established. 

Comment.—The definitive identification of a presumed 
abscess allowed. surgery to be performed for therapy 
rather than diagnosis, and for the extraperitoneal ap- 
proach to be used. Patients with Crohn disease frequently 
are admitted with intra-abdominal inflammatory masses, 
and ultrasonography can be useful in separating fluid- 
filled masses from other abnormalities. 

Case 2.—A 62-year-old asymptomatic afebrile man was ad- 
mitted with a palpable right upper quadrant mass. There had 
been no previous abdominal surgery. Results of liver function 
tests and barium studies were normal. An isotopic liver scan dem- 
onstrated an area of decreased uptake in the right lobe ef the 
liver. The ultrasonic B mode scan identified the presence of a 
fluid-filled mass in the right lobe of the liver (Fig 3). It did not 
have the orientation or shape usually seen with a distended gall- 
bladder.’ The differential diagnosis included an intrahepatic gall- 
bladder, necrotic tumor, abscess, and hepatic cyst. At surgery, a 
large walled-off liver abscess containing microaerobic Strepto- 
coccus was drained. 

Comment.—The ability of the ultrasonic examination to 
discriminate between a solid and cystic mass within the 
liver provided another diagnostic dimension.* 

Case 3.—A 47-year-old man had a bilateral nephrectomy and a 
D match cadaver kidney transplant. Because of ureteral perfora- 
tion secondary to rejection, the transplanted kidney was removed. 
While on maintenance dialysis, the patient became febrile. An ab- 
scegs was suspected and subsequently its presence was demon- 
strated by ultrasonic examination of the lower part of the abdo- 
men and pelvis (Fig 4). The abscess was drained and culture 
demonstrated the presence of E coli. 

- Gomment.—Ultrasound confirmed the presence of the 
suspected abscess and localized it. Other examinations, 
such as cystogram, barium studies, and angiography, 
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could have been employed in the localization of such an ab- 


scess; however, ultrasonography provided the added di- 
mension of absent internal echoes to indicate the cystic 
nature of the abnormality, suggesting the diagnosis of ab- 
scess.° 

Case 4.—A 35-year-old diabetic man entered the hospital be- 
cause of a four-week history of pain in the lower part of the back 
and right hip associated with fatigue, nausea, anorexia, and con- 
stipation. When first seen he was afebrile, but had a WBC of 
23,800/cu mm with a differential count of 83 segmented and 3 
band forms. Urinalysis showed more than 50 WBC per high power 
field and numerous bacteria. Urine cultures were positive for co- 
agulase-positive staphylococci. Abdomen and hip x-ray films were 
normal, but an intravenous pyelogram revealed a minimal defor- 
mity of the right renal pelvis and the proximal part of the ureter. 
Ultrasound examination identified a large retroperitoneal mass 
inferior and medial to the right kidney. Multiple internal echoes 
were present within this mass, suggesting a debris-filled retroperi- 
toneal abscess (Fig 5). At surgery, a retroperitoneal abscess was 
drained. 

Comment.—The rather indefinite finding of a paraneph- 
ric abscess on the intravenous pyelogram was confirmed 
by the ultrasound scan. While surgery might have been 
considered on the basis of the pyelographic findings alone, 
there was no question about undertaking surgical drain- 
age following the ultrasonic examination. Abscesses, espe- 
cially if they are of some duration, may contain internal 
echoes; therefore, the presence of echoes within a predom- 
inantly fluid-filled mass does not exclude the possibility of 
an abscess. 


COMMENT 


Ultrasonography is a safe, noninvasive technique that 
complements other modalities in the diagnosis of abdomi- 
nal abscess. Because of its simplicity, further scans can be 
obtained, allowing for follow-up of rather subtle findings. 
The persistence or progression of such findings would al- 
low the diagnosis of abscess to be entertained in the ap- 
propriate clinical situation. 

Diagnostic ultrasound should be applied early in the 
evaluation of known abdominal and pelvic masses. As 
more experience is gained with its use, the applications in 
various clinical situations will become better defined. Ex- 
perience at the present time is sufficient to indicate that 
ultrasound does have an important place in the evaluation 
of a wide variety of clinical problems, including the detec- 
tion, localization, and characterization of intra-abdominal 
abscesses. 
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Whenthe | 
surgical patient 
has trouble sleepifig 


Dalmane 


flurazepan RGI 
can ease the 

long nights Joummey 
into day 


The postsurgical patient with 
insomnia may be a candidate for 
Dalmane (flurazepam HCl). It 
should be noted, however, that 
when insomnia is caused by pain 
appropriate analgesic therapy is 
the treatment of choice. Should 
the insomnia persist after the 
pain is relieved. consider 
Dalmane. 
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= During the days surrounding 
surgery, a patient needs all his 
resources...and adequate sleep to 
meet a significant challenge to 
his system. Yet at this time, many 
patients — even those who 
regularly sleep well at home— 
may complain of insomnia in the 
alien hospital setting. 

To help your patients who 
experience trouble falling asleep, 
staying asleep and/or sleeping 
long enough, consider Dalmane 
(flurazepam HCl). Dalmane is a 
distinctive sleep medication 
specifically indicated for 


insomnia. Intensively investigated 


in sleep research laboratory *’ 
and other clinical*” studies, 
Dalmane has consistently brought 
relief to patients suffering from 
insomnia,'? including hospi- 
talized surgical patients with 
trouble sleeping?” 


Insęt: Anteroposterfor view of fracture 


-in intertrochanteric region of right hip. 





Illustration: X-ray of same patient, 
lightscanned and reprogrammed via 
computer to a light-recognition pattern, 
reveals fracture in intertrochanteric 
region of right hip reduced and fixed by a 
nail and plate appliance. Each square 
„segment averages light/dark values of 

į corresponding area on X-ray. \ 
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longer wi sleep 
nger with a single 


1,4,14,15 

h.s. dose 

With Dalmane (flurazepam HCl), 
sleep onset occurs within 

17 minutes, on average, as 
demonstrated by physiologic 
tracings in the sleep research 
laboratory. Nighttime awakenings 
and time awake after sleep 

onset are also markedly reduced, 
and patients sleep an average 

of 7 to 8 hours on a single 30-mg 
dose!.4.14.15 — an advantage 
especially important in the 
hospital. 


effectiveness 
continues night 
after night,” 

a benefit after 
hospital discharge 


Dalmane has been shown to be 
consistently effective even during 
consecutive nights of administra- 
tion, without increasing dosage. 
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it’s relatively sale! A 


even for patients 


on warfarin” “ 
Dalmane (flurazepam HC!) 

is generally well tolerated; 
morning “hang-over” has been 
relatively infrequent. 

An added benefit: Dalmane 
and warfarin may be used 
concurrently without risk of 
unacceptable fluctuation in 
prothrombin time? 

Before prescribing, weigh 
potential benefits against 
possible risks (see Warnings 
and Precautions in complete 
product information). 


when restful sleep 


is indicated 


Dalmane 





tlurazepam HC 





| 


One 30-mg capsule h.s. — usual adult dosage 


(15 mg may suffice in some patients). 


One 15-mg capsule h.s. — initial dosage for 


elderly or debilitated patients. 


<<, 


Please see following page for a summary 
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of product information. ` 
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when 
restful sleep 


-1s indicated... 





Dalmane 
(flurazepam HCI) 





e induces sleep within 17 
minutes, on average 

e reduces nighttime 
awakenings 

e provides 7 to 8 hours 
of sleep, on average, 

= with a single dose 


ROCHE LABORATORIES N 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 


Before prescribing Dalmane (flurazepam 
HCl), please consult Complete Product 
Information, a summary of which follows: 


Indications: Effective in all types of insomnia 
characterized by difficulty in falling asleep, 
frequent nocturnal awakenings and/or early 
morning awakening; in patients with recurring 
insomnia or poor sleeping habits; and in 

acute or chronic medical situations requiring 
restful sleep. Since insomnia is often transient 
and intermittent, prolonged administration is 
generally not necessary or recommended. 


Contraindications: Known hypersensitivity 
to flurazepam HCl. 


Warnings: Caution patients about possible 
combined effects with alcohol and other 
CNS depressants. Caution against hazardous 
occupations requiring complete mental alert- 
ness (e.g., operating machinery, driving). 
Use in women who are or may become preg- 
nant only when potential benefits have been 
weighed against possible hazards. Not 
recommended for use in persons under 15 
years of age. Though physical and psycho- 
logical dependence have not been reported 
on recommended doses, use caution in 
administering to addiction-prone individuals 
or those who might increase dosage. 


Precautions: In elderly and debilitated, initial 
dosage should be limited to 15 mg to preclude 
oversedation, dizziness and/or ataxia. If 
combined with other drugs having hypnotic 
or CNS-depressant effects, consider potential 
additive effects. Employ usual precautions 

in patients who are severely depressed, or 
with latent depression or suicidal tendencies. 
Periodic blood counts and liver and kidney 
function tests are advised during repeated 
therapy. Observe usual precautions in 
presence of impaired renal or hepatic function. 


Adverse Reactions: Dizziness, drowsiness, 
lightheadedness, staggering, ataxia and 
falling have occurred, particularly in elderly 
or debilitated patients. Severe sedation, 
lethargy, disorientation and coma, probably 
indicative of drug intolerance or overdosage, 
have been reported. Also reported were 
headache, heartburn, upset stomach, nausea, 
vomiting, diarrhea, constipation, GI pain, 
nervousness, talkativeness, apprehension, 
irritability, weakness, palpitations, chest 
pains, body and joint pains and GU com- 
plaints. There have also been rare occurrences 
of sweating, flushes, difficulty in focusing, 
blurred vision, burning eyes, faintness, 
hypotension, shortness of breath, pruritus, 
skin rash, dry mouth, bitter t4ste, excessive 


salivation, anorexia, euphoria, depression, 
slurred speech, confusion, restlessness, 
hallucinations, and elevated SGOT, SGPT, 
total and direct bilirubins and alkaline 
phosphatase. Paradoxical reactions, e.g., 
excitement, stimulation and hyperactivity, 
have also been reported in rare instances. 


Dosage: Individualize for maximum beneficial 
effect. Adults: 30 mg usual dosage; 15 mg 
may suffice in some patients. Elderly or 
debilitated patients: 15 mg initially until 
response is determined. 


Supplied: Capsules containing 15 mg or 


30 mg flurazepam HCl. 
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Primary Abdominal Wall Abscess 
Diagnosed by Ultrasound 


Charles I. Weiner, MD, John N. Diaconis, MD 


Ultrasound was used to diagnose and demonstrate an anterior ab- 
dominal wall abscess of unknown cause in a diabetic woman. This 
condition may mimic major abdominal disorders and, in our patient, 
appeared as acute cholecystitis. The use of ultrasound is simple, 
quick, painless, and without known adverse side effects. The diag- 
nosis may be more easily and accurately established than by routine 
roentgenography. 


rimary anterior abdominal wall abscess is a 
known, but unusual entity that can clinically mimic a 
major abdominal disorder and whose diagnosis may elude 
even the most astute clinician. These abscesses can occur 
as an isolated finding without intra-abdominal pathologic 
findings and are of unknown cause. With the advent of 
diagnostic ultrasound, the soft tissues of the body may be 
examined in a noninvasive manner, supplementing both 
the clinical and roentgenographic evaluation of the pa- 
tient. The authors have utilized diagnostic ultrasonic B- 
mode scanning of the abdomen to quickly establish and 
confirm the diagnosis of an anterior abdominal wall ab- 
scess and effectively demonstrate the extent and depth of 
the lesion. 


For editorial comment see page 245. 


REPORT OF A CASE 


A 54-year-old diabetic woman was admitted with intermittent 
right upper quadrant pain of one week’s duration. Pain was unre- 
lated to food and radiated to the back. Vomiting occurred several 
times the week prior to admission, and the patient had had no 
chills or fever. On physical examination, the temperature was 39 C 
(102 F); pulse, 120 beats per minute; respiration, 20 breaths per 
minute. Pertinent physical findings were limited to the abdomen. 
There was a right upper quadrant mass that extended approxi- 
mately 4 cm below the right costal margin and was not clearly 
separable from the liver. The mass was mildly tender with no 
rebound tenderness or rigidity. Bowel sounds were hyperactive, 
and the remainder of the abdomen was normal. 

Her blood glucose level was 356 mg/100 ml. Urine reaction for 
sugar was 2+ and there was no pyuria. White blood cell count 
(WBC) was 15,1007eu mm with 76% neutrophils and 9% band 
forms. 


Accepted for publication Oct 16, 1974. 
. Fgom the Department of Radiology, University of Maryland Hospital, 
Baltimore. 
Reprint requests to Department of Radiology, University of Maryland 
“Hospital, 22 S Green St, Baltimore, MD 21201 (Dr. Weiner). 
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The initial clinical diagnosis was acute cholecystitis. Roentgen- 
ograms of the chest and abdomen were normal, and an emergency 
intravenous cholangiogram was performed. This showed a normal 
gallbladder, cystic duct, and common duct. Once the possibility of 
cholecystitis was excluded by the intravenous cholangiogram, the 
diagnosis of abdominal wall abscess was entertained by one of the 
authors (J.N.D.). Ultrasonic examination was performed using the 
B-mode scan transversely. The patient’s left upper quadrant was 
used as a control. A mass lesion was discovered disrupting the fas- 
cial and muscle planes of the abdominal wall on the right upper 
aspect. Internal echoes were obtained indicating both solid and 
cystic components to the mass. A strong posterior wall was dem- 
onstrated. Based on the clinical presentation, the sean was inter- 
preted as an abscess of the anterior abdominal wall (Fig 1 and 2). 

The patient was taken to the operating room where a trans- 
verse incision was made across the mass, and approximately 100 
ml of purulent material was found and drained from the deep fas- 
cial planes. Cultures revealed B-hemolytic Streptococcus group B. 
The patient had an uneventful postoperative period and was dis- 
charged on the seventh postoperative day. 


COMMENT 


Ultrasound B-mode scanning is an ideal, diagnostic 
method for the investigation of the abdominal! wall. The 
study is quickly performed, accurate, painless, and with- 
out known adverse side effects. This modality of investi- 
gation can discover and display soft tissue interfaces that 
roentgenography cannot. 

Ultrasonography has a high degree of accuracy and can 


Fig 1.—Abdominal B-mode sonogram at 10 cm above umbilicus. 
Central spike represents midline. Each square represents 2 cm. Nor- 
mal soft tissue interfaces in abdominal wall (left); mass lesion (ar- 
rows) disrupting soft tissues with strong posterior wall and some in- 
ternal echoes (right). 
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Fig 2.—Left, B-mode sonogram of right upper quadrant at low 
sensitivity setting reveals primarily sonolucent mass lesion dis- 
rupting soft tissues (arrows) of abdominal wall. Internal echoes are 


differentiate between solid and cystic structures. Ab- 
scesses that are primarily cystic in nature disrupt normal 
tissue planes and at low gain (sensitivity) appear sonolu- 
cent with strong posterior wall echoes. By altering the 
sensitivity setting of the diagnostic ultrasound unit inter- 
nal echoes may be shown, indicating that the lesion is par- 
tially solid or contains necrotic debris. In contrast, a solid 
lesion will have a poor posterior wall echo and will fill with 
internal echoes as the sensitivity setting is increased. 

Preoperatively the diagnosis of an abdominal wall ab- 
scess is made with some degree of difficulty and is not a 
common disorder. In fact, most surgical textbooks do not 
mention the entity. The disease is more commonly recog- 
nized in the Orient.' When the abscess is located deep in 
the fascial planes of the abdominal wall, the inflammatory 
process may not show the typical signs of inflammation 
clinically, thereby making the diagnosis more difficult. 
Even when the mass is visible and palpable, there may be 
little tenderness. The presence of fever is variable and, 
when present, is usually under 0.8 C (1.4 F). Leukocytosis 
of varying degree is usually present. 

Abdominal roentgenograms have been cited as helpful 
by some authors,'-* but in all of the patients described by 
these authors the mass was large and clinically apparent. 
When the roentgenograms demonstrate characteristic 
mottled gas appearance involving the anterior abdominal 
wall or air-fluid level within an abscess cavity, the diag- 
nosis roentgenographically is established with little diffi- 
culty. These findings were demonstrated in all instances 
in a series of nine patients, all of whom had abscesses sec- 
ondary to direct invasion of the abdominal wall from car- 
cinoma of the colon.? However, multiple views are nec- 
essary to demonstrate these characteristic findings, 


342 Arch Surg/Vol 110, March 1975 





present, but few. Right, Scan at same level with increasing sensi- 
tivity setting reveals multiple internal echoes and even stronger pos- 
terior wall. 


including multiple decubitus views. In order for roentgen- 
ograms to demonstrate the mottled gas appearance as 
well as air-fluid level, excellent technique is vital. In other 
series, the diagnosis of abdominal wall abscess was not 
demonstrated by roentgenographic findings.'* Roentgen- 
ograms were helpful, though, in establishing that the 
mass was most likely extraperitoneal in location by film- 
ing tangential to the lesion and showing the soft tissue 
mass lateral to the properitoneal fat line. This procedure 
necessitates exposing the patients, often children, to the 
potential effects of x-radiation; and often multiple roent- 
genographic exposures must be made in order to obtain a 
truly tangential exposure. 

We have personally seen three cases of anterior abdomi- 
nal wall abscesses; diabetes mellitus was present in two 
patients. There is no mention of the diabetic state in pa- 
tients with abdominal wall abscesses in the literature, al- 
though it is not unusual considering the predisposition of 
diabetics to infection. 

Ultrasound B-mode scanning is an accurate diagnostic 
method most useful in the demonstration of disease of the 
soft tissues of the body. It is without known side effects 
and is ideal for use on children and patients of child- 
bearing age in whom radiation is undesirable. 
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Whatever the basic pathogenesis of rectal prolapse, the structural 
alterations invariably include a defect in the pelvic floor fascia, a 
deep pouch anterior to the rectum, a patulous anus, loose fixation of 
the rectum to the pelvic structures, and a long sigmoid colon. A vari- 
ety of corrective procedures have been described for rectal prolapse, 
but all suffer from various disadvantages. The transsacral approach 
to the rectum has several advantages: (1) it is simple and safe even 
for the elderly, (2) it avoids an abdominal incision with its concomi- 
tant postoperative complications, (3) it will allow complete correc- 
tion of all abnormalities, and (4) it has been performed with a low re- 
currence rate. 


hether the mechanism of idopathic rectal prolapse 
-Y is intussusception or sliding hernia is a moot ques- 
tion. In variable degrees, the following structural altera- 
tions are observed in idiopathic rectal prolapse: (1) a de- 
fect in the pelvic floor consisting of attentuated pelvic 
fascia and atonic pelvic floor muscles, (2) an abnormally 
deep rectovesical or rectovaginal pouch, (3) a patulous 
anus with atonic sphincteric mechanism, (4) loose fixation 
of the rectum to the pelvis with unusually redundant 
mesorectum and rectal stalks, and (5) a long sigmoid co- 
lon. Which among these are primary and which are sec- 
ondary to the continuing process has never been resolved 
and is subject to considerable speculation. Habitual 
straining with or without constipation over a long time 
undoubtedly plays a major role. Electromyographic study 
of the atonic pelvic floor muscles reveals disturbed reflex 
activities in the muscles.'” 
More than 50 corrective procedures have been described 


for this condition. Many of the earlier operations that 


were aimed at only one of the structural defects resulted 
in high recurrence rates. A number of later operative pro- 
cedures attempted to correct several or all of the above 


_ structural defects simultaneously. While this approach re- 


duced the incidence of recurrences greatly, the operations 
are of major proportions. Thus, some of the more recent 
types of repair have returned to the correction of only one 
of the above defects, and results thus far have been quite 
encouraging.” * 

A variety of perineal procedures have been described 
from the simplest Thiersch wire to a transanal repair with 
resection of the rectosigmoid, obviating a need for celi- 
otomy in high-risk patients. The method described here is 


_ a transsacral approach that permits repair of all defects 





and includes fixation of rectal stalks and anterior closure 
of the pelvic floor with or without resection of the sigmoid 
colen. It, too, avoids celiotomy. 
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Patrick F. Hagihara, MD, Ward O. Griffen, Jr., MD, PhD 


TECHNIQUE 


Intra-abdominal lesions should be ruled out. A barium enema ~ 


should be routinely obtained in each case, not only to rule out co- 


lonic lesions, but to estimate the degree of redundancy of the sig- 
moid colon. Electromyography of the external anal sphincter is 


helpful in studying the adequacy of the pelvic floor muscle func- 
tion in the continence reaction. Both mechanical and antibiotic 
bowel preparations are used. 

The patient is positioned prone following the induction of gen- 
eral anesthesia. A 10- to 15-cm incision is made in the midline 
through the skin over the coecyx and distal part of the sacrum. A 


transverse incision may be used if preferred. The tip of the coccyx 






7 Transsacral Repair of Rectal Prolapse 
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is identified, and the anococcygeal raphe is detached from the coc- a 
cyx. The periosteum is elevated from the coccyx, detaching the — a 


sacrotuberous and sacrospinous ligaments and a part of the ori- 
gins of the gluteus maximus and coccygeus from the lateral mar- 
gins of the coccyx (Fig 1, top). Coceygectomy is performed. The 
periosteum is then elevated from the last sacral segment and, 
with it, further portions of the same muscles and ligaments. This 
sacral segment is then removed by rongeurs. The fourth sacral 
segment may also be removed partially or completely if necessary, 
avoiding injury to the third sacral nerve. 

The fascia of Waldeyer or the posterior part of the parietal 
layer of the pelvic fascia, seen as a thick, white, opaque layer of 
tissue, is thus identified overlying the rectum cephalad to the ano- 
coccygeal raphe. This layer is incised in the midline and retracted 
laterally (Fig 1, middle). The underlying rectum, covered by a thin 


visceral layer of the pelvic fascia and showing the prominent ter- 


minations of the superior hemorrhoidal vessels on its surface, is 
easily identified. Cephalad to the rectal stalk, the lateral margin 
of the rectal wall is retracted and, by blunt dissection, the peri- 
toneal layer is identified. This peritoneal layer is incised and the 
cul-de-sac entered for closure of the defect in the pelvic floor ante- 
rior to the rectum (Fig 1, bottom). An alternate approach to the 
pelvic floor anterior to the rectum is via a limited dissection below 
the rectal stalk superficial to the puborectalis and lateral to the 
rectal wall. In either case, the rectum and the rectal stalk are re- 
tracted on one side and an incision is made in the peritoneal layer 
at the deepest point of the rectovesical pouch or pouch of Douglas. 
By blunt dissection, the medial borders of the levator ani and 
puborectalis muscles with pelvic fascia are identified immediately 
anterior to the rectum and are approximated with three or four 
interrupted sutures of 0 silk, taking deep bites (Fig 2, top). 
Following this, the sigmoid colon, if unusually redundant, is re- 
sected by withdrawing a loop of the sigmoid colon through the 
aforementioned peritoneal incision. Following the resection, an 
end-to-end anastomosis is completed and the peritoneal layer is 
sutured to the rectum circumferentially to obtain a complete peri- 
toneal closure around the rectum. If such resection is not contem- 
plated, the peritoneal opening is simply closed. The fixation of 
both rectal stalks to the periosteum of the anterior surface of the 
sacrum is obtained with three or four 2-0 nonabsorbable sutures 
on each side. The rectal stalks are also sutured to the sacrospinous 


and sacrotuberous ligaments (Fig 2, bottom left). The rectum may __ 


also be sutured to the parietal layer of pelvic fascia. Suction cathe- 


ters are placed in the pararectal space and brought out through © 


separate stab incisions in the skin; the incision in the parietal 
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Fig 1.—Top, Anococcygeal raphe is detached from tip of coccyx. 
Gluteus maximus, coccygeus, and sacrotuberous and sacrospinous 
ligaments are elevated off from coccyx and distal segment of 
sacrum. Middle, Parietal layer of pelvic fascia incised. Bottom, Cul- 
de-sac entered lateral to rectum above rectal stalk. Alternate ap- 


proach to cul-de-sac indicated. 


layer of pelvic fascia is then closed. The periosteal and liga- 
mentous tissues are then approximated over the closure. The skin 
incision is closed with No. 32 wire sutures (Fig 2, bottom right). 
The skin closure should be secure, protected from contamination, 
and the sutures left in for ten days or longer. The suction cathe- 
ters are removed in two or three days. 


COMMENT 


The exposure of the rectum by the transsacral route is 
quite adequate. All of the identifiable defects in rectal 


j y prolapse can be repaired through this approach and an ab- 


dominal incision avoided. The Kraske approach to resect a 


short segment of the rectum and a large benign tumor 


within the rectum or for a pull-through procedure is well 


= known. The fixation of the rectal stalks and closure of the 


defect in pelvic floor anterior to the rectum as described 


= herein are the same as in the procedure reported by Fryk- 


man and Goldberg.’ Moreover, since additional fixation of 
the rectum to the surrounding structures can be made eas- 


= ily, a sigmoid resection may be unnecessary in most cases. 





- If a resection is required, the lower part of the rectum is 


safely preserved just as in the transabdominal approach. 
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Fig 2.—Top, Rectum retracted laterally and rectal stalk down- 
ward, Pelvic fascia and medial borders of levator ani and puborec- 
talis are approximated anterior to rectum. Bottom left, Rectum sus- 
pended to periosteum of sacrum by suturing both rectal stalks to 
periosteum of sacrum. Bottom right, Conclusion of operation. 


In the transanal approach, by contrast, an adequate fix- 
ation of the rectum may be difficult to achieve and the re- 
section, if contemplated, is limited to the distal part of the 
rectum. A similar procedure to the one described here has 
been reported by Thomas and Jenkins with excellent re- 
sults.’ To date, the procedure has been done at this institu- 
tion in only a few patients; the first patient was operated 
on two years and ten months ago. The repair and anal 
continence have been well maintained in all cases so far. 
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Weaning From Mechanical Breathing With 


Intermittent Mandatory Ventilation 


E. F. Klein, Jr, MD 


Intermittent mandatory ventilation allows a gradual transition 
from mechanical ventilation to spontaneous breathing. This is ac- 
complished by providing a continuous source of fresh gas from 
which the patiemt can breathe as ventilator rates are decreased from 
1 to 2 per minute. Monitoring of arterial blood gas tension values 
documents the safety of further withdrawal of ventilatory support. 
Many patients are more easily and safely weaned by this method 
than by conventional techniques. 


Moa ventilation is important in prevent- 
ing mortality associated with respiratory failure in 
critically ill patients. Although there is no precise defini- 
tion of respiratory failure, the common practice of moni- 
toring arterial blood gas tension values aids the clinician 
in deciding when ventilatory assistance should be insti- 
tuted. However, there are few, if any, simple determina- 
tions that signify when mechanical ventilatory support 
should be terminated. Once gas tension levels in arterial 
blood indicate reasonable cardiopulmonary function, there 
are few tests that accurately predict success or failure of 
weaning and discontinuance in ventilatory support. As- 
sessment of zwo simple ventilatory indexes, inspiratory 
force (greater than a —25 cm H,O) and vital capacity 
(greater than 15 cu cm/kg), will, in many cases, correlate 
with the ability of the patient to sustain satisfactory 
spontaneous ventilation.' Often, however, these objective 
criteria fail to differentiate patients who can or cannot be 
weaned successfully. 

A new type of ventilation was introduced for infants in 
1971 and for adults in 1973° that eliminated much of the 
guesswork and tedium of weaning patients from their 
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ventilators and decreased ventilation time. It was termed 
intermittent mandatory ventilation (IMV) and essentially 


combined a constant rate mechanical ventilator with con- _ 


tinuous oxygen-enriched gas flow to allow spontaneous 
ventilation during the time intervals between mechanical 
(mandatory) breaths (Fig 1). 

Initially, all alveolar ventilation is supplied by the 
ventilator (mandatory breaths) and the patient is “con- 
trolled” in the conventional sense. As respiratory stability 
is achieved, the ventilator rate is decreased progressively 
and the patient is allowed to assume some of the work of 
breathing. As respiratory indexes continue to improve, 
spontaneous ventilation will progressively assume a 
greater and greater proportion of alveolar ventilation and 
mandatory or machine breaths are simultaneously with- 
drawn by gradual decreases in their frequency (Fig 2). 
Monitoring of arterial blood gas tension levels following 
each rate decrease is essential and will verify the safety of 
further ventilator withdrawal. Once the ventilator rate 
has been lowered to one or two breaths per minute, most 
patients can be extubated safely; however, a few will re- 
quire even slower weaning and machine rates of one 
breath per minute or less prior to complete and final venti- 
lator discontinuance. 

As stated, satisfactory progression of weaning with 
IMV is monitored with periodic arterial blood gas tension 
values. This is similar to conventional weaning except 
that the arterial carbon dioxide tension (Paco.) and arte- 
rial oxygen tension (Pao.) values reflect different vari- 
ables and are treated individually. Unacceptable elevation 
in Paco, during the weaning process indicates an inade- 
quate alveolar ventilation and is corrected by increasing 
the IMV (machine) rate. Although this may be due to 
many causes, eg, residual muscle weakness, decreased 
lung compliance, or excessive respiratory depressants, the 
treatment is the same (increase in the ventilator compo- 
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Spontaneous Ventilation 


Controlled Ventilation 


me. Fig 1.—Airway pressures reflect combination of spontaneous and machine breaths varying above and below given base line, which may be 
i at ambient level or elevated as desired. 


Total Ventilation 


Ventilator S 


Spontaneous a 3 


Minute Ventilation, Liters/min 
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= Fig 2.—Total ventilation is comprised of breaths controlled by ventilator as well as breaths supplied spontaneously by patient. Amount of 
4 ventilator or mandatory ventilation is withdrawn progressively as patient is able to increase spontaneous ventilation. Total weaning time in 
this example was approximately 20 hours. e 
te K f . 
nent of alveolar ventilation) and suggests that weaning nent of acid-base balance does not lower the arterial pä 
J must either stop or proceed more slowly. Determining (pHa) below approximately 7.33. 
what a “normal” Paco, value is for each patient is often Deterioration in oxygenation during weaning is treated 
ag difficult; however, the patient receiving IMV is allowed to similarly by altering two other variables, oxygen concen- 
Pe ; set his own Paco, value as long as the respiratory compo- tration and/or changes in levels of positive end-expiratory 
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Respirator Work of Breathing, %- : MG 





Weaning Started 


Weaning Completed 
Time 


Fig 3.—In conventional weaning, patient generally is connected to 
Briggs adaptor for intermittent periods to breathe oxygen-enriched 
atmosphere. Essentially all or none of respiratory work is supplied 
mechanically. When successful, weaning time is progressively 
lengthened until total unsupported ventilation can be maintained. 


pressure (PEEP). The usual practice of weaning patients 
who have been receiving PEEP completely back to am- 
bient expiratory pressures appears to be unnecessary, and 
extubation frequently can be effected safely from as much 
as 5 to 6 cm H,O PEEP. The salutary effects of increased 
mobility and spontaneous coughing and expectoration ap- 
parently compensate for the loss of the previously ele- 
_ vated expiratory pressures in maintaining adequate pul- 
monary function. 
Two questions logically may be asked regarding this 
mode of ventilation in weaning: When the patient is al- 


_ ready at peak inspiration and the mandatory breath oc- 


curs, does this raise pressures within the chest excessively 
and cause an increased incidence of barotrauma and pneu- 
mothorax? Is this mode really any better or safer than the 
traditional method where ventilation progresses from 
controlled to assisted to spontaneous ventilation? 

The first question appears to be of minimal conse- 
quence. Patients’ respiratory rates tend to fall into cy- 
cle with the machine rate and synchronous breathing is ef- 
fected. It is not uncommon in this mode of ventilation to 
see a patient who has just finished a spontaneous breath 
to pause and wait for his mandatory breath to occur. In 
the rare occasion that dissynchronous breathing does oc- 
cur, pressure relief valves within a ventilator system will 
prevent buildup of excessive airway pressure. Further, it 
should be remembered that most patients using ventila- 
tors are breathing at functional residual capacities sub- 
stantially lower than normal, so the volume combination 
of a spontaneous and mandatory breath still places the 
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Fig 4.—Breathing with IMV initially may be 100% controlled, but — 
control is generally withdrawn as work of breathing is assumed by — 
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patient. 


lung volume well below the total lung capacity. eo 

When comparing IMV and assisted modes of ventila- 
tion, it should be pointed out that even in the assisted 
modes, the ventilator is doing virtually all of the work a 
breathing, and triggering of the ventilator cycle is, by de- 
sign, a minimal work expenditure. The progression from _ 
assisted to spontaneous ventilation, then, is essentially a 1 
all-or-none phenomenon; the patient either does all of the - 
work of breathing or none (Fig 3 and 4). ‘a 

Commercially available IMV ventilators currently are — 
somewhat scarce, but simple modifications of existir “a 
ventilators have been reported.‘ sal 

The IMV system has been utilized in our institution ex- Wy 
clusively for the past 24 months with great acceptance and _ : 
success. Other advantages of this technique of ventilation 
and weaning have been reported, including a paradoxical 
decrease in oxygen consumption compared to standard ý 
modes of controlled ventilation and a simplification in the oR 
management of the patient with chronic obstructive pul- 
monary disease and acute respiratory failure who does not _ 
respond to traditional conservative management.’ Not 
only does IMV facilitate and simplify weaning of the pa- 
tient who has an “adequate” inspiratory force and vital — 
capacity, but also patients who have not passed the “min- 
imal” criteria for conventional weaning trials, on occasion, 
have been weaned successfully with IMV. | 
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Figure 2 was provided by John B. Downs, MD. Figures 3 and 4 were pre sae 
vided by Joseph M. Civetta, MD. oa 5 
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An Intraluminal Technique 


Frederick K. Merkel, MD 


A simple technique was developed for occlusion of atherosclerotic 


= vessels in patients undergoing renal transplantation. Fogarty cathe- 


ters were placed within the iliac arteries via a stab wound and the 


= balloons inflated to provide safe and gentle occlusion of atheroscle- 


__rotic vessels during the transplant operation. 


: I Vea normal circumstances, transplantation of the 


kidney is accomplished by anastomosing the renal 


=~ artery to the cut end of the hypogastric artery end to end 
and the renal vein end to side to the iliac vein, placing the 


_ kidney in a peritoneal pocket. Not infrequently, recipients 
exhibit marked atherosclerotic vascular changes requiring 


anastomosis of the renal artery to the common or external 
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iliac artery. A technique has been developed for intralumi- 


| ; nal occlusion of these vessels in order to avoid the vascular 
-injury produced by standard vascular clamp technique. 


Fogarty catheters' with balloon sizes that approximate 


the diameter of the lumen of the iliac vessel are selected 


and small plastic disposable syringes are applied, filled 


= with enough saline solution to distend the balloon suffi- 
Z ciently to occlude the lumen of the vessel. The diseased 


hypogastric artery is suture ligated and divided during 
the exposure of the vessels. After the external iliac artery 
near the inguinal ligament is exposed, a small nick is 
made in it with a scalpel. One Fogarty catheter is inserted 
cephalad and the other is positioned distal to the stab 
wound. The balloons are kept inflated by placing towel 
clamps through the plunger and body of the syringe (Fig- 
ure). An opening is then made in between the two Fo- 
garty catheter balloons, and the anastomosis is completed 
in the usual manner. After the vascular connections are 
made, the Fogarty catheters are deflated, establishing 
flow to the kidney. Should any bleeding point occur from 


the suture line, the balloons can be easily reinflated to pro- 


vide for control while additional sutures are taken. Then 
the Fogarty catheters can be removed and a suture is 
taken to approximate the edges of the stab wound. 

This technique provides for a simple method of achiev- 


pr ing vascular control without the use of crushing clamps, 
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During Renal Transplantation 


bho 
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a im 
Completed transplant just prior to releasing Fogarty bal- 
loon catheters. Note towel clamps used to keep balloons 


inflated. More recent model of Fogarty catheter is equipped 
with small valve, obviating need for towel clamps. 





thus avoiding the fracture and embolization of atheroscle- 
rotic plaques. It requires less dissection than the use of ex- 
ternal vascular clamps. Placement of the arteriotomy for 
introduction of the Fogarty catheters away from the site 
of anastomosis avoids interference with the suturing of 
the renal vessels. 


This investigation was supported in part by the Section of Transplanta- 
tion, Department of General Surgery, Rush-Presbyterian-St. Luke’s Medi- 
cal Center, and grants from the Upjohn Co and the American Diabetes As- 
sociation. ° [3 
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Special Commentary 





Alimentary Tract Carcinomas 


in Nigerian Igbos 


eographic oncology has taken im- 
mense strides in recent times.' 
The current trends are typified by a 
successful symposium? on alimentary 
tract cancers in Africans. Although 
Nigerian data were included, these 
pertained to the Yorubas, who live in 
the western region. Accordingly, the 
eastern Igbos* are considered here. 

From February 1970 through Au- 
gust 1974, approximately 5,000 surgi- 
cal specimens were submitted to me 
by numerous physicians working 
among the Igbos. Adequate clinical 
summaries were the only condition 
required for the free histologic ser- 
vice rendered. Varieties of tissues 
were received, the general run of 
them being revealed by the following 
examples: appendix, 460; cervical 
lymph node, 134; prostate, 123; thy- 
roid, 104; alimentary tract (esophagus 
to rectum), 95; liver, 91; salpinx, 64; 
testis, 57; enucleated eye, 34; kidney, 
22; larynx, 20; and lung, 16. 

Doll‘ stated that pathologic series 
provide useful information about the 
distribution of cancer in rural Africa. 
_ Although physicians in such commu- 
nities may see some cancers without 
performing biopsy examinations on 
them, Doll accepted that the resultant 
series could furnish proportional 
rates, eg, the proportion of carci- 
nomas along the alimentary tract. 

In the present geries, 14 physicians 
working in ter hospitals submitted 
specimens from 20 patients with ali- 
mentary tract carcinomas. Men out- 
numbered women by 16 to 4. The age 
range was 26 to 65 years, with an 
average of 47.4 years. Carcinoma was 
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not seen in the esophagus but it was 


found in the following sites: stomach, . 


three (including one ulcer-cancer); 
small intestine, one; ascending colon, 
five; descending colon, two; and rec- 
tum, nine. 

It was remarkable that no polyps 
were seen in the nonmalignant parts 
of the above specimens. Similarly, di- 
verticula were absent. Therefore, my 
data accord well with the hypothesis’ 
that polyps, diverticula, and cancers 
are all uncommon in communities still 
living largely traditionally. 

As I see it, the beauty of central- 
izing the surgical pathologic service 
of an underdeveloped community, 
where diverse physicians work in dis- 
persed hospitals, is that specimens 
consist of both curiosities and com- 
monalities! Thus, what occurs in the 
community turns up eventually from 
someone somewhere. Hence the ab- 
sence of esophageal cancer in this 
series is highly suggestive of its rar- 
ity in Igbos, contrasting sharply with 
the Bantu’ picture. 

In all probability, therefore, the 
Igbos are not prone to alimentary 
tract carcinomas. The 20 cases ana- 
lyzed here compare in their relative 
infrequency with the 21 melanocarci- 
nomas reported elsewhere.’ The Igbos 
are protected from the latter tumor 
by their dark pigmentation, the brunt 
of the disease falling on the unpig- 
mented soles of the feet. What, we 
may ask, protects their gut from car- 
cinoma? 

From worldwide experience of co- 
lonic cancer,’** the environment is 
important. In particular, diet proba- 


( 


bly militates against some commu- — 
nities but mitigates the scourge in- 


carbohydrate diet with considerable 
vegetables, little animal proteins, and 





y r 


~ 

Ya 

-E 
-Å 


, .« 


others. Now, the Igbos have a bulky 


a 

#9 

voll 
“es 


much palm oil and red pepper. There- — 4 
fore, it is to be hoped that future re- 


search will assess the effect of this 


diet on such important variables’:’ as 


bowel motility, bacterial flora, bile — 


acids, carcinogenic metabolites, and 
crude fibers. Perhaps, Igbo traditional 
foods will be found to differ in mate- 
rial and researchworthy 
from those consumed where carci- 
nomas are commoner. 


WILson I. B. ONuIGBO, PHD, 


MRCPATH 
Department of Pathology 
General Hospital 
Enugu, Nigeria 
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wo and a half years ago, Chang 
iy - Chao Hsu was an agricultural 
_ worker in a commune east of Peking. 
g Today he is the surgeon performing 
A gastrectomy at the number one 
_ teaching hospital in Tientsin. In the 
on ext operating room, a torn lateral 
cae ‘meniscus is being removed by second- 
3 y ear medical student, Ho Chen Shui. 
A year and a half ago she was work- 
ng in a rug factory. Both operations 
are being done with the assistance of 
A for control of pain. 

It will be recognized immediately 
‘i t hat things are different in China, al- 
though at the technical level Chinese 
= major surgical management is much 
E pe American surgery. In other medi- 

cal disciplines, dissimilarities tend to 

of more marked. 
Our delegation of 12 physicians, 
over a period of 21 days in China, in 
rE seven major cities and a wide assort- 
g as of institutions, had the chance 
= to see a great many Chinese surgeons 

i action in a substantial variety of 

_ cases. There was an overall impres- 

sion of manual. dexterity and pre- 
a a cision teamwork. There was gentle 

handling of tissues and precise he- 
A Bee mostasia. Assuming that the surgery 
- needed to be done, it appeared to be 

: = well executed. 

There was a time when the Chinese 
philosophy of educating a surgeon 
was very much in the Western tradi- 

ss tion. Certainly up until 1949 most 
Aese surgeons were educated in 

one of the few Chinese schools, such 
a as the Peking Union Medical College, 
= in which there was a solid Western 
1 scientific base, or, at least in part, 
in the schools and hospitals of the 
ead States, Canada, or Europe. 
Then, with the revolution, the doors 
"were closed on the “West,” except for 
E. ` Russia. For a while there was a 
marked tendency to emulate Russian 
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patterns of medical education and 
practice. This became one of the 
many bones of contention character- 
izing the struggle between those who 
would have revised Chinese practices 
into the Russian mold and those who 
found such “revisionism” unaccept- 
able. These deep and fundamental es- 


trangements culminated in the great 


cultural revolution that ran from 1966 
into 1969. It was, in sweeping fashion, 
an anti-Western, anti-imperialist, 
anti-Russian, anti-intellectual revolu- 
tion. Most schools above the middle- 
school level were closed. All medical 
schools were shut down for at least 
one year. 

In general, prior to this closing of 
the schools, a medical education re- 
quired six years. As the schools have 
been reopened—some 80 of them— 


there has been experimentation with 


a drastic shortening of the course. A 
two-year curriculum has been tried, 
but at the moment a three-year plan 
is in general favor. 

Chinese leaders are openly critical 
of the old “Western” techniques of 
medical education. There was inade- 
quate identification between the stu- 
dents and the masses they were sup- 
posed to be learning to treat. There 
was too much isolation in the class- 
rooms, lecture halls, and laboratories 
with too little exposure to people. The 
whole process took too long and was 
too expensive. Above and beyond this, 
and far more important, is the influ- 
ence of “Mao Tse-tung thought.” Mao 
thought had decreed that medicine is 
to be carried to the workers, the peas- 
ants, and the soldiers; that emphasis 
is to be on prevention; that special at- 
tention is to be focused on the rural 
areas where 80% of the people live; 
that traditional Chinese medicine is a 
treasure house of experience; and 
that the best of the new and the old 
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should be incorporated in present 
practices. Implicit in this champion- 
ing of the virtues of traditional Chi- 
nese medicine has been the rejection 
of those bans that, from time to time, 
have been placed on it. In 1822 an im- 
perial commission in the Ching dy- 
nasty recommended against acu- 
puncture and the like. In 1929 the 
Kuomintang also issued an edict de- 
claring traditional Chinese medicine 
unscientific. Now, to the contrary, 
Chinese traditional medicine is the 
important thing in China and all phy- 
sicians must become familiar with it. 
It is being widely used in conjunction 
with Western scientific medicine, 
and, what is more disturbing, it is 
being used as a substitute for West- 
ern scientific surgery in the manage- 
ment of such conditions as ruptured 
appendicitis or perforated ulcer. 

It is not difficult to understand the 
reason for turning away from the 
Western approaches for the provision 
of medical care to the Chinese people. 
As the present leaders faced the prob- 
lem, their resources in medical man- 
power were Western-trained physi- 
cians. Although reliable statistics are 
sadly lacking, it is estimated that 
these numbered about 40,000. To go 
the scientific route for the provision 
of service to 700 million people would 
have required the education of 6 or 7 - 
hundred thousand physicians, plus the 
development of the facilities and the 
equipment for their work, in a coun- 
try with a per capita income of under 
$100 a year. This was clearly out of 
the question. 

Figuratively speaking, Mao Tse- — 
tung looked about hiħ to see whaf.he © 
had, and saw 500,000 herb doctors. 
Most of them, of course, were illiter- 
ate, but they were there. The peple- 
were used to them and accepted t them. 
The Mao sa eit was p re» a 
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= | rudimentary education in medicine 
_ | for three months: teach them how to 
{ take a blood pressure reading, count 
a pulse, read a thermometer, and rec- 
=. ognize obvious symptoms of common 
_ diseases. Their "little black bags” now 
4 carry, in addition to their needles, 
| cupping equipment, and herbs, such 
things as penicillin, streptomycin, 
| digitalis, and corticosteroids. One 
$ hopes they will recognize their limita- 
tions, treat what they can, and pass 
the rest up the ladder until a level 
~ Of competence is reached. The sys- 
tem seems to be making remarkable 
k. progress in this direction. 

Since most of the 80 medical schools 
have been open again for only a short 
l time, it is obvious that there are no 
l graduate physicians who are prod- 
ucts of the abbreviated system. Judg- 
ments must be delayed. The Chinese 
themselves regard the three-year 
course as experimental, but believe 

that the experiment is going well. 
As things currently stand, the edu- 
cation of a surgeon would be expected 
to encompass nursery school from 
ages 3 to T years, followed by primary 
school 7 to 13, and middle school 13 to 
17. At this point the student goes into 
agriculture, industry, or the army for 
two years. It is quite possible that 
in the commune, the factory, or the 
Hes army the work assignment might in- 
~ clude duties in the medical field. Each 
“production brigade” includes a 
health worker whose duties are to en- 
force sanitary practices; educate co- 
workers in the need to eliminate flies, 
= mosquitoes, rats, snails, and other 
~ disease vectors; and to promote the 
r principles of family planning and 
$ population control. The young person 
who finds this idea appealing may un- 
dergo the three months or so of edu- 
cation to become a “barefoot doctor” 
or a “factory doctor” with even 
= greater responsibilities in diagnosis 
~ and treatment. Whether or not this 
course has been followed, young per- 
-sons who want to go to medical school 
then make this desire known to their 
= p&r group. If the fellow workers be- 
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lieve the candidate would be a good 
doctor, and if the local “revolutionary 
committee” approves of the degree of 
commitment to the principles of 
Marx, Engels, and Chairman Mao, the 
application is forwarded to the appro- 
priate medical school. The school then 
chooses from among the applicants, 
which eurrently seem to outnumber 
available places by about three to one, 
just as is the case with us. No qual- 
ifying examinations to assess apti- 
tude are given. The candidate who is 
accepted may be given six months 
time for refresher courses in science 
subjects such as chemistry or physics. 
Then the three-year course begins. 

Each medical school has associated 
teaching hospitals. The schools are 
generally urban, and the associated 
hospitals are usually part urban and 
part rural. 

The first-year student runs a full 
gamut of experience. There are didac- 
tic lectures in anatomy, physiology, 
chemistry, pathology, diagnosis, and 
treatment. There are laboratory 
courses. The students care for hospi- 
tal patients along with the nurses, 
giving baths, enemas, cleaning the 
rooms, and doing janitorial chores at 
least some small part of the time. For 
five months they go to the country- 
side, there to work with, and learn 
from, the masses, the barefoot doc- 
tors, and the rural hospital people. 
Their work may be in classes, in clin- 
ics, in health stations, or in commune 
hospitals, but perhaps one day a week 
must also be spent in physical labor 
alongside the peasants they are to 
serve. There is one month of vacation. 

The second year student follows a 
similar basic pattern of six months in 
academie work, five months in the 
countryside and a month of vacation. 
It is noteworthy that the involvement 
in practical therapeutics includes sur- 
gery and the second-year student 
quite commonly assists a surgery and 
then may become the acting “sur- 
geon,” with a senior surgeon acting 
as assistant, in simpler surgical pro- 
cedures. It is a degree of involvement 
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rarely Sem tored. in an American i 
surgical residency until perhaps the 
second year. Time in the countrysic g% 
for the second-year student is more _ 
likely to be in the role of “teacher” fo: r7 
the barefoot doctors and health work- — 
ers, or active service in the healt! ie 
stations, dispensaries, and comm n 
hospitals, but again there is the re í 
quirement for some manual labor. 
The third-year student spends — 
eight months in the school itself, 
three months in the countryside, and y 
is deeply involved in actual diagnosis Y 
treatment, and, if so inclined, in sur- 
gery. At the conelusion of the third | 
year one gains a certificate, but n no 
degree and there is no licensure. As- 
signment is in accordance with a 
general plan of the State,” which by 
and large seems to contemplate re- 
turning the physician to the place of — 
origin or its general vicinity. Espe. 4 
cially promising young physicians — 
may be selected to stay on in the aca- _ 
demic setting and the teaching ae 
tal for specialty apprenticeship. It i 
not yet determined how long a perio i 
will be required in any given spe 4 
cialty to become recognized as a qual- i 
ified specialist, but there is relatively 
little practical significance to such a 
designation since there are no auto- e 
matic perquisites. “Specialists” are — 
not paid more than their contempo is 
raries. There are varying designa- 
tions within departments of medical 2, 
schools and hospitals—chiefs of ser- 
vice, professors, assistants, deputies, aA 
and the like—that may carry vik 
them elements of prestige and Soraa 
perquisites such as living quarters. Er : 
It should be noted that the faculty 

of the medical school and the staff ca j 
the hospital share in the necessity for 
spending time in the countryside, . 
along with the students. They too 
perform manual labor. It would seem > 
to be axiomatic that one should never 
be rude to a peasant; he might be the 
professor of surgery. 

RUSSELL B. ROTH, MD- Ef 

225 W 25th St ia 5 

Erie, PA 16502 Py 
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; _ Postgraduate Training in the United 
= States for Foreign Medical Graduates 


F 3 To the Editor—Having been re- 
= sponsible for the teaching of medical 
= students and residents in the field of 
surgery for some 20 years, I have 
= studied in detail the article entitled 
“Surgical Manpower” (Arch Surg 
_ 108:637, 1974). 
_ There is no question that the prob- 
_ lem of the foreign medical graduate 
_ is a very major one as it concerns the 
_ United States. However, as it con- 
= cerns the countries from which these 
= foreign medical graduates come, and 
I am thinking primarily of the so- 
= called developing countries, it is a 
sheer disaster. It has been estimated 
Toby some that up to 40% of recent 
_ graduates from a single medical col- 
_ lege here in India have gone abroad. 
> There is no question that these phy- 
_ sicians are needed in their home coun- 
Biy. Furthermore, frequently the 
training they receive abroad is not 
a pertinent to the conditions they will 
= þe faeing when and if they return to 
-their home country. 
E pl believe that there are many ways 
in which the “developed” countries 













Pe 


= can better contribute to the develop- 


ment of medicine in the so-called de- 
SA veloping nations. Basically what is 
- needed is an exchange type of pro- 
_ gram or an affiliation that will allow 
_ physicians who are already estab- 
lished and on the permanent staff of 
ih institutions in the developing nations 
to obtain short periods of suitable 
training abroad. However, it is in- 
creasingly difficult to find institutions 
in America that will recognize the 
= need for this and will take established 
_ physicians and surgeons for short pe- 
= riods of training with the under- 
standing that they will return to 
= their country of origin. I believe that 
= such physicians should be permitted 
= to go abroad for no more than a year 
= and should probably go as exchange 
= visitors. I personally believe that or- 
= ganizations such as the American 
College of Surgeons could perform an 
= excellent service to both the United 
= States and the developing nations if 
they were to serve as a clearinghouse 

-= for such programs. 
I have discussed this type of pro- 
gram with many physicians and sur- 
-geons here in India, both expatriates 
and nationals. They are all in agree- 
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ment that such programs would offer 

the best form of continuing education 

for physicians from developing na- 

tions. In a very real sense, this would 

be a true partnership of great value. 
F. C. EGGLESTON, MD 
Ludhiana, Punjab 
India 


Defunctionalizing a Colostomy 


To the Editor.—Increasing use of 
stapling devices has prompted us to 
devise a simplified method for per- 
forming a defunctionalizing colos- 
tomy. 

Often the loop colostomy is em- 
ployed by the surgeon as a compro- 
mise for complete fecal diversion in 
sick patients because of its simplicity, 
efficiency, and lack of complications. 


The technique we use converts this to- 


a completely diverting colostomy by 
bringing out a loop of bowel through 
the abdominal wall; placement of a 
glass rod below the loop of bowel 
through an avascular segment of mes- 
entery and onto the abdominal wall; 
ligation of the distal part of the bowel 
with the 30- or 55-mm automatic sta- 
pler (Figure, A); and formation of the 


A, Ligation of distal part of bowel with 30- or 
55-mm automatic stapler. B, Formation of 
proximal limb stoma by opening bowel wall 


with cautery 24 to 48 hours postoperatively. 













se ce 


iii limb stoma by opening the 

bowel wall with a cautery 24 to 48 

hours postoperatively (Figure, B).,A 

distal stoma may be created if distal 

decompression becomes necessary. 

We have used this technique in pa- ` 

tients with the surgical complications 

of sigmoid diverticulitis. N 
RICHARD F. BRODMAN, MD 
HAROLD R. BRODMAN, MD 
Bronx, NY 


Occult Hemoptysis: 
latrogenic Aortobronchial Fistula 


To the Editor.—Hemoptysis is quite 
common in primary pulmonary dis- 
orders, including carcinoma and tu- 
berculosis, as well as in mitral 
stenosis. Recently, we had the oppor- 
tunity to evaluate and repair a unique 
additional cause that shows the need 
for exhaustive evaluation when the 
hemoptysis is occult in nature. 

A 56-year-old farmer had a two- 
month history of intermittent, bright 
hemoptysis, initiated by exercise. He 
was otherwise asymptomatic and had 
a 40-pack year history of smoking. 
Aside from a hemoglobin value of 9.2 
gm/100 ml, results of an extensive 
battery of laboratory tests, including 
sputum cytology and cultures, were 
normal. The chest roentgenogram 
showed mild cardiomegaly and clear 
lung fields, consistent with prior cath- 
eterization-documented mild aortic 
insufficiency. He had undergone an 
uneventful repair of a coarctation of 
the aorta seven years earlier. Results 
of bronchography were normal, but 
fiberoptic bronchoscopy showed blood 
in the apical-posterior segment of the 
left upper lobe. An aortobronchial fis- 
tula from the coarctation repair was 
postulated and shown by aortography. 
This was successfully repaired by di- 
rect closure of the involved aorta and 
left upper lobectomy. No mycotic an- 
eurysm was found, and the patient 
remains asymptomatic over a 12- 
month follow-up. 

The importance of an exhaustive 
evaluation for occult hemoptysis is 
emphasized by this case. Entrapment 
of the peripheral lung with a subse- 
quent chronic erosion following co- 
arctation repair, not the Rr 
suspected carcinoma, represente 
unique, but repairable cause in thi 
patient. 

GERARD S. Kakos, MD 
YasH P. KATARIA, MD. 
JOHN S. Vasko, MD 
Columbus, Ohio 
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Books 


| Robert M. Goldwyn, MD 
_ Book Review Editor 
1101 Beacon St 
S Brookline, Mass 02146 


„Vascular Disorders of the Extrem- 
ities, ed 2, by David I. Abramson, 898 pp, $42.50, 
Harper & Row Publishers, Inc, 1974. 


This is a large, handsome book, 
weighing six pounds. It is the fourth 
book written by the author on vascu- 
lar problems since 1944, one of the 
previous ones being the first edition, 
which appeared in 1956 under the 
title Diagnosis and Treatment of Pe- 
ripheral Vascular Disorders. So, the 
author knows his subject and this 
book is encyclopedic in scope. I defy 
anyone to think of a peripheral vascu- 
lar topic from glomus tumor to post- 
amputation prosthesis and fail to find 
it in the index. 

The illustrations are well done. In- 
deed, it is hard to find an unsatisfac- 
tory one in the book. The format is 
excellent, with one major exception, 
and this the author apologizes for in 
the preface. But his subsequent justi- 
fication for maintaining it is uncon- 
vincing. I refer to extensive cross-ref- 
erences by chapter, paragraph, and 
subparagraph designations, such as 
“See XXX VII.B.2;D.2.b.” Cross-refer- 
encing is a lot of work but, when 
properly done, it is very much worth 
it. The author should, however, use 
page numbers. After several time- 
consuming attempts to find cross-ref- 
erences indicated by these hiero- 
glyphs, I fled to the index, which is 
excellent. 

The introduction states that the 
book is for the family physician, the 
orthopedist, the dermatologist, the 
neurologist, and the podiatrist. He 
has omitted the general and vascular 
surgeon, and I think quite rightly, 
since he does not pretend to deal in 
depth with urgent clinical situations. 
One might take issue with him, as a 
matter of fact, for dealing with them 
at all, for most do not lend themselves 
to superficial treatment. He discusses 
chgice of prosthe8is in operations for 
arteriosclerosis obliterans, indications 
for sympathectomy as indicated by 
preoperative paravertebral lumbar 
bloek, and the use of heparin in acute 
pulmonary embolism without the im- 
pact of conviction or great authority. 
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Nevertheless, the author has pro- 
vided an excellent guide and refer- 
ence book for nonsurgeons who come 
in contact with patients with periph- 
eral vascular conditions, and he is to 
be commended for it. 

RICHARD WARREN, MD 
Boston 


Diagnosis and Early Management of 
Trauma Emergencies: A Manual For the 
Emergency Service, edited by Robert J. 
Touloukian and Thomas J. Krizek, 149 pp, $10.75 
(cloth), $6.75 (paper), Charles C Thomas Pub- 
lisher, 1974. 


This brief manual is “intended for 
the medical student, physician, and 
paramedical person who desires a 
brief but incisive introduction to the 
diagnosis and early management of 
most trauma emergencies.” The book 
is well written, with easy-to-read 
type and appropriate diagrams. 
There are only three chapters, but 
they cover the entire range of trauma 
emergencies seen by a generalist or 
surgeon in the emergency ward. A 
short list of selected references is in- 
cluded. 

The introductory chapter gives vi- 
tal background information gleaned 
from a large experience at the Yale- 
New Haven Hospital. The ethical and 
legal aspects of emergency room care 
are briefly but adequately discussed. 
The problem of primary care ren- 
dered in an emergency room clinic is 
discussed with an introduction to the 
concept of triage. 

The second chapter is devoted to 
ambulatory problems, minor and ma- 
jor. Such common problems as the 
embedded fishhook, subungual hema- 
toma, and dog bites are discussed 
with their management. Hand in- 
juries are well described, with appro- 
priate guidelines for determining the 
need for inpatient or outpatient sur- 
gery and management. 

The third chapter is devoted to 
life-threatening emergencies. Here, 
methods of resuscitation and the es- 
tablishment of treatment priorities 
are described. The various sections 


( 


are brief but contain valuable infor- 
mation on management while await- 
ing the arrival of the appropriate 
specialist. This manual should be re- 
quired reading for all new personnel- . 
entering the emergency ward. The — 
concepts introduced should form the 
foundation of knowledge for any — 
emergency practitioner today. N 
JOHN J. LAMBERTI, MD 
Chicago 


Disorders of the Knee, by Arthur Helfet, 
335 pp, $35, JB Lippincott Co, 1974. 


This mechanically well-organized 
and attractive volume (59 color plates, 
283 figures) is a revised and expanded — 
version of Dr. Helfet’s extraordinar- 
ily successful monograph, The Man- | 
agement of Internal Derangements of 
the Knee, published in 1963. The au- 
thor is quite obviously one of an un- 
fortunately diminishing species of 
careful clinical observers whose motto 
is “to see and ponder,” not merely to 
“look.” Dr. Helfet defined the com- 
plex, three-dimensional kinematics of — 
the knee before the advent of recent, _ 
sophisticated electronic measurement 
techniques (which have, as yet, added 
little information to his original de- __ 
scriptions), and correlated altered 
mechanics with physical and oper- 
ative findings of internal derange- 
ment of the knee joint. For this, 
many practicing and resident or- — 
thopedic surgeons are in his great 
debt, this reviewer among them. NON 

The revised work has added 12 ~ 
chapters on various aspects of basic 
scientific knowledge applicable to the 
knee joint (eg, biomechanics, micro- 
structure, and biochemistry of carti- 
lage, and synovial fluid), and other 
specialized subjects, such as arthrog- 
raphy and arthroscopy, rehabilitation 
of the athlete’s knee, and manage- 
ment of fractures involving the knee. 
The chapter on “Hemophilic Arthritis 
of the Knee” is particularly welcome = 
at this time, as recent advances in 
fractional replacement expand the 
possibilities and indications for he- 
mophilic knee joint reconstruction. 

The addition of the contributions — 
by the guest authors, each of whom is | 


. 
os a 


a well-recognized authority in his | 
field, adds depth and scope to Dr. Hel- J 
fet’s original consideration of knee =~ 


joint disorders. One could be led to 
the conclusion that this expansion 
falls far short of a complete treatise 
of all of the known body of scientific 
knowledge about the knee. This is 
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wag - faint criticism, however, as the. au- 
_ thor’s purpose is: obviously not an en- 
à ‘ _ cyclopedic review, but rather a synop- 
sis of clinically relevant material to 
aid the clinician in understanding, 
- “diagnosing, and treating disorders of 
_ the knee joint. In this, he succeeds ad- 
= mirably. 
= The chief objection might be to the 
= material in the chapter, “Manage- 
~ ment of Osteoarthritis of the Knee 
~ Joint.” The surgical techniques of an- 
= terior synovectomy and joint debride- 
= ment advocated by Dr. Helfet have 
= been found wanting and generally 
= abandoned by most surgeons, at least 
in this country. Short shrift is given 
_ to proximal tibial osteotomy. The au- 
_ thor is either unaware of, or disagrees 
3 the mechanical principles on 
which this form of surgical treatment 
is based, as they are not mentioned. 
| There i is no denying that arthrotomy 
4 ‘and meniscectomy (with or without 
b? further debridement) are uncommon- 
_ly required, in addition to load redis- 
E tribution by osteotomy, in order to 
= achieve a maximally successful result 
_ of treatment. The recent and rapidly 
= developing techniques of total knee 
= replacement are scarcely mentioned 
= aşa possibility in this chapter. How- 
ever, the engineering principles of 
Bice prostheses are subsequently cov- 
or ered by Peter Walker. 
a The value of this book to the or- 
at _ thopedic clinician far outweighs its 
tg minor shortcomings. It deserves an 
; A o T place on personal and insti- 
tutional library shelves. The original 
work by Dr. Helfet is considered one 
of the “classics” of orthopedic litera- 
ture. The present book is even better. 
RICHARD N. STAUFFER, MD 
Rochester, Minn 

























d -= The Etiology of Human Breast Can- 
af Endocrine, Genetic, Viral, Immuno- 
gic and Other Considerations, by A. N. 

1 ae tlt 216 pp, Springer-Verlag, 1974. 


3 Epidemiology is probably one of 
_ the least investigated aspects of can- 
~ Cer of the breast, and this book makes 
= a concerted effort to provide a com- 
~ pendium of present knowledge about 
the mechanisms involved in the devel- 
opment of breast cancer. The book is 
= very current and well written. The 
~ author has provided a careful review 
ae of recent information in each four 
_ main areas, followed by a summation 
and concluding remarks in each of 

fr these major chapters. The four areas 
=~ thathe has RAG Sk in greatest extent 
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are endocrine, genetic, viral, and im- 


munologic considerations in the etiol- 


ogy of breast cancer. Within each of 
these areas, he has been very broad in 


providing background information, 
new concepts, and a careful literature 
review. It is an excellent source of 
references for anyone embarking on 
a review of any of these areas in rela- 
tion to breast cancer. There is an im- 
portant section under endocrine con- 
siderations involving what is now 
known about the relationship be- 
tween oral contraceptives and breast 
cancer. Viral studies in humans, a to- 
tal review of the concept of immuno- 
logic surveillance, and interrelations 
between immunologic and hormonal 
events are also well presented. There 
is a separate section relating a vari- 
ety of other factors such as socioeco- 
nomic, dietary, environmental, and 
emotional factors in the etiology of 
breast cancer. 

This is a well-written and carefully 
planned book that remains a concise 
volume at just over 200 pages. It can 


be understood and appreciated by 


anyone interested in breast cancer or, 
for that matter, other malignant dis- 
eases. 
RicHARD E. Wilson, MD 
Boston 


Basic Human Neuroanatomy: An In- 
troductory Atlas, by Craig Watson, 120 pp, 
$7.95, Little Brown & Co, 1974. 


_ This 120-page soft-bound volume 
has approximately 30 blank num- 
bered pages. The preface states that 
this atlas is written for “one purpose: 
to be used by students,” as opposed to 
some other atlases that are “written 
more for scholars.” Part I (pages 3 to 
9) outlines the most elementary facts 
about the nervous system, such as dif- 
ferences between the peripheral and 
central nervous systems. It also lists 
some functional components of cra- 
nial nerves and a few points on exam- 
ining each. Part II (pages 18 to 27) is 
an outline of the “main neuroana- 
tomical pathways.” Part III, the atlas 


section (pages 30 to 99), consists of a 


full-page photograph on every second 
page with an extremely brief legend 
on the facing page. Some of these 
photographs show whole brains and 
some appear to be photographs of 
brain slabs; others are photographs of 
histological sections. The magnifica- 
tion varies widely, as does the stain 
used. Important structures, such as 
the oculomotor nucleus, trochlear nu- 


? 


cleus, abducens nucleus, and the mo- 


tor, principal, and mesencephalic 
nuclei of the trigeminal nerve, as well 
as the internal genu of the facial 
nerve, are not labeled; most of these 
structures are not shown in the photo- 
graphs. The author lists nine “se- 
lected references” and gives his per- 
sonal comments on each. These are 
some of the reasons I would not rec- 
ommend this atlas for medical stu- 
dents or physicians. 

KEN R. Winston, MD 

Boston 


Roentgen Diagnosis of the Vertebral 


Column, pe art 1, vol 6, of the Encyclopedia of 
Medical adiology, edited by L. von Die- 
thelm, $220.40, Springer-Verlag, 1974. 


This is another volume in a mam- 
moth project that will eventually 
cover the whole field of radiology. 
Earlier volumes include the physical 
principles and techniques of radiol- 
ogy, radiation biology, and roentgen 
diagnostic procedures. Future vol- 
umes will include radiation therapy 
and nuclear medicine. Sporadic vol- 
umes are being issued to cover these 
subjects as well as all facets of diag- 
nostic radiology. 

This is the first part of a multi- 
volume series on the vertebral col- 
umn. The first third of this volume in- 
cludes chapters on the comparative 
anatomy, embryology, and develop- 
ment of the spine, as well as the 
radiographic anatomy, mobility, pos- 
ture, and common congenital anom- 
alies. Each of these chapters is well il- 
lustrated and informative, and an 
excellent bibliography is given at the 
end of each section. In this part of the 
book, I would particularly commend 
Zaunbauer’s contribution on radio- 
graphic anatomy, which is not only 
well written but has beautiful radio- 
graphic examples. This is followed by 
a short chapter (written in English) 
on the resistance and compression of 
the lumbar vertebrae that compre- 
hensively reviews the literature on 
the subject as well as providing the 
reader with some interesting and pro- 
vocative ideas. 

The major portion of the book (430 
pages) is a detailed review of defor- 
mities of the spine. Dr. Diethelm, who 
is one of the chiefeeditors for the 
whole encyclopedia, *contributes °a 
thoughtful chapter on failed fusion 
that is accompanied by good line 


drawings and explanations, as wellgs, 


a superb overview of the world litera- 
ture. This is followed by a chapter on 
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abnormalities of the spine, which in- 
cludes a discussion of aplasias, hypo- 
plasias, meningoceles, and spina bi- 
fida. This was originally written in 
1961 to 1962 and has been updated, al- 
though the bibliography remains 
mainly German and pre-1960. 

A discussion of abnormalities of the 
craniocervical junction follows that 
includes an excellent section on bas- 
ilar impression, with a good account 
of the more usual and the rarer eso- 
teric measurements used by radiolo- 
gists to diagnose the condition. Next, 
there is a chapter on abnormalities of 
the lumbosacral junction with a su- 
perb discussion of spina bifida. This is 
very well illustrated and has no less 
than 30 pages of bibliography; un- 
doubtedly this is one of the definitive 
chapters on the subject. This section 
of the book is completed by a short 
treatise on the complex congenital 
anomalies, such as Klippel-Feil syn- 
drome. 

The final section of the book (150 
pages) is on trauma of the spine 
and includes subsections on radiolog- 
ical diagnosis, spondylosis, neurolog- 
ical complications, treatment, and 
Schmorl nodes, as well as an ample 
discussion on fractures particularly 
involving the cervical region. This 
chapter also has excellent radio- 
graphic illustrations, a comprehensive 
bibliography, and some simple line 
drawings that frequently explain far 
more than a whole page of text. 

In summary, this is a beautifully il- 
lustrated, comprehensive study of the 
spine. In common with other volumes 
in this series, the majority of the book 
is written in German and the price is 
in keeping with the overall excellence 
of the production of the volume. I 
would recommend this book to neurol- 
ogists and neuroradiologists who ei- 
ther speak German or who require a 
comprehensive reference book. 

HARRY J. GRIFFITHS, MD 
Boston 


Anaesthesiology, edited by Masao Miya- 
zaki, Kenichi Iwatsuki, and Masao Fujita, 492 pp, 
$19, American Elsevier Publishing Co Ine, 1973. 


The Excerpta Medica Foundation, 
based in the Netherlands, admirably 
continues to disseminate medical in- 
formation on an international scale 
through its abstract services, spon- 
sorship of symposia, preparation of 
filme, and publication of conference 
proceedings. The volume under pur- 
view is No. 292 in the international 
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series, a report of a World Congress 
of Anaesthesiologists held in Kyoto, 
Japan, in September 1972. Immedi- 
ately one ponders on the educational 
value of this editorial endeavor. 
While a conference on a finite subject 
such as endocrinology is more or less 
bound to be productive, mainly in the 
scientific sense, another kind, di- 
rected, as here, to a specialty of medi- 
cine, offers a higher reward: a view of 
the spectrum of practice in various 
countries. The result is a better 
understanding on the international 
level of all manner of issues, not those 
of medicine alone. 

This is a handsomely done volume, 
the page print pleasing to the eye and 
touch, well edited in contrast to oth- 
ers of its genre, containing the usual 
opening address of the reigning po- 
tentate, and replete with colored pho- 
tographs of dignitaries and meeting 
hall. A grand total of 2,862 the world 
over attended the sessions. The bulk 
of the text is devoted to verbatim re- 
ports of symposia that illumine the 
expanded area of anaesthetic prac- 
tice. Symposia on neurophysiology 
and acid-base balance bring out con- 
siderable information on recent in- 
vestigative work; another on new 
anaesthetics and techniques illus- 
trates the strong pharmacologic tide 
toward the use of intravenous agents; 
still others are circumscribed in-house 
problems relating to neonatology, pe- 
diatrics, obstetrics, postoperative ap- 
noea, and pain. Additional collo- 
quiums on acute medicine and the 
future of anaesthesiology tend 
toward the polemical. Free papers are 
listed only by title, and there are 
round-table discussions on other sub- 
jects. 

While there is good fare here, the 
prospects for retrieval of information 
are small indeed—in a bound volume, 
the contents already two to three 
years behind the times, with the sub- 
jects not slated to be listed in the 
usual indexes. So, the volume will be- 
come a monument to the occasion, a 
tribute to our Japanese hosts and to 
the sponsor, the World Federation of 
Societies of Anaesthesiologists. Oli- 
ver Wendell Holmes, a classical 
scholar of note, might have looked 
askance at the transformation of his 
etymologically correct “anaesthesia” 
into the tongue twister, “anaesthesi- 
ology” even though the diphthong is 
retained. 

Leroy D. VANDAM, MD 
Boston 
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Peripheral Vascular Surgery, edited by 
Martin Birnstingl, 447 pp, $2}, JB Lippincott Co, 
1974. 


The title of this concise volume . 


could have been Peripheral Vascular 
Disease, for it addresses itself to the 
general medical reader as much as 
to the surgeon. It contains excellent 
and up-to-date reviews of vascular 
physiology, clotting mechanisms, 
hemorrhagic disorders, fibrinolysis, 
pathology, and the problem of hyper- 
proteinemia. Most of the diseases af- 
fecting the abdominal aorta and the 
peripheral arteries, with the excep- 
tion of the coronary arteries, the sys- 
temic veins, and the lymphatics, are 
considered. Dissecting aneurysm of 
the thoracic aorta is also discussed. 
Surgical technique is treated mainly 
in the chapters on arterial injury, am- 
putation, and microvascular surgery 
(three of 20 chapters), although there 
are some helpful technical sugges- 
tions scattered through other parts of 
the book. 

While most contributors are based 
in London, some are from other parts 
of the British empire (past and pres- 
ent), so that the book responds to our 
curiosity as to experience elsewhere. 
An interesting esoteric note is that in 
India, as in most parts of Asia and 
Africa, varicose veins and thrombo- 
phlebitis of the calf are said to be un- 
common. This last item troubles me, 
because I can remember American 
neurologists and orthopedic surgeons 
giving assurances only yesteryear 
that thrombophlebitis and pulmonary 
embolism were rare in their patients. 
Atherosclerosis is also uncommon in 
India, most of the arterial problems 
seen in Calcutta hospitals consisting 
of thromboangiitis obliterans (Buer- 
ger disease) and Takayasu idiopathic 
arteritis. 

G. W. Taylor’s treatment of arteri- 
osclerosis of the lower limb follows 


closely that used here, but sympathec- 


tomy is more explicitly recommended 
as an adjunct to arterial reconstruc- 
tion and, in some instances, by itself. 
“Chemical sympathectomy” by injec- 
tion, presumably of phenol, a tech- 
nique of the British, is also suggested 
in some circumstances. Vasodilator 
drugs are categorically described as 
useless in patients with chronic arte- 
rial obstruction (Advertising man- 
agers of reputable American journals, 
please take note.). He concludes: “For 
the future, better results from arte- 
rial surgery are probably less likely to 
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stem from technical advances than 
from a more critical selection of pa- 
tients for operation, and from more 
effective methods of preventing the 


- march of the atherosclerotic process.” 


Some highlights of other sections 
on visceral arterial disease may be 
noted. Carotid endarterectomy is ad- 
vised for transient ischemic attacks, 
not for advancing or completed 
stroke. Anticoagulants are used only 
for inaccessible lesions or when end- 
arterectomy must be postponed. Ap- 
parently the British have had the 
same disappointments as we have had 
in operating on arteriosclerotic renal 
arteries for hypertension. They rec- 
ommend that renovascular hyperten- 
sion in patients over 40 years of age 
be treated medically, with surgery re- 
served for failure of the medical regi- 
men. It is disappointing to find 


= several forms of arteritis described 


pathologically, with meager clinical 
annotation. Thus the frequent blind- 
ness or stroke attendant on giant cell 
arteritis is not mentioned, and no 
treatment is suggested for the arteri- 
tides of collagen diseases. 


News and Comment 


Management of Trauma Focus of 
UCLA Extension Symposium.—The 
second annual UCLA multidiscipline 
symposium and workshop for physi- 
cians on the Management of Trauma 
will be held March 19 through 23 at 
the Canyon Hotel, Palm Springs, 
Calif. Further information is avail- 
able by writing PO Box 24902, De- 
partment of Continuing Education in 
Health Sciences, University Exten- 
sion, UCLA, Los Angeles, CA 90024, 
or telephoning Elizabeth Gifford at 
213-825-7186. 


Annual Seminar in Surgery.—The 
12th annual UCLA seminar on Con- 
troversial Areas in Surgery will be 
presented March 15 through 19 at the 
Canyon Hotel, Palm Springs, Calif. 
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Birnsting] writes an enlightened 
chapter on the Raynaud phenomenon, 
emphasizing the frequency of arte- 
ritis as of scleroderma in its causa- 
tion. He points to the usual be- 
nignancy of Raynaud disease proper, 
although warning that treatment is 
not always successful. He finds sym- 
pathectomy unnecessary for most pa- 
tients with that disease, not helpful 
in arteritis, but most useful in digital 
artery thrombosis secondary to arte- 
riosclerosis. Scalene exploration is 
recommended for thoracic outlet com- 
pression; the axillary removal of the 
first rib is not mentioned. He shares 
our lukewarm endorsement in the 
treatment of frostbite, of rapid re- 
warming, rest, heparin, and dextran. 

The management of diseases of the 
veins departs considerably from 
American experience. It is implied 
that deep vein thrombosis is a not un- 
common complication of either the in- 
jection or operative treatment of 
varicose veins, and that it may so 
worsen previous symptoms as to lead 
to amputation! Elsewhere in the 
same chapter the implication is clear 


Further information is available by 
writing PO Box 24902, Department of 
Continuing Education in Health Sci- 
ences, University Extension, UCLA, 
Los Angeles, CA 90024, or telephon- 
ing Elizabeth Gifford at 213-825-7186. 


Eleventh Congress of the European 
Society for Surgical Research.—The 
11th Congress of the European Soci- 
ety for Surgical Research will be held 
in Dublin from April 27 through 30, 
1976. Further information may be ob- 
tained from the Irish Medical Associ- 
ation, Conference Centre, 10 Fitz- 
william Pl, Dublin 2, Ireland. 


Postgraduate Course on Gastroin- 
testinal Cancer.—The American Gas- 
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that amputation may be required for ( 


the postphlebitic limb with some 
frequency. Phlebography is recom- 
mended in the diagnosis of deep 
thrombophlebitis, but it appears it is 
often done by the intraosseous route. ` 
The method of ascending phlebog- 
raphy of the relaxed limb introduced 
by Rabinov and Paulin, found so 
useful here, is not mentioned. Strep- 
tokinase and thrombectomy are ap- 
parently much used in treating 
thrombophlebitis. There is only brief 
mention and no particular endorse- 
ment of surgical occlusion of the infe- 
rior vena cava. The most common 
venous ligation suggested is that of 
the superficial femoral vein, almost 
universally discarded in the United 
States. 

Overall, the instructive aspects of 
this book more than outweigh its de- 
ficiencies, and I recommend it as a 
volume to be used in conjunction with 
other texts on the same subject. 

EDWARD A. EDWARDS, MD 
Boston 


ganized a postgraduate course on 
gastrointestinal cancer, sponsored by 
Digestive Disease Week, to be held 
May 17 and 18, at the San Antonio 
(Tex) Convention Center. Further in- 
formation may be obtained by writ- 
ing Postgraduate Course, Digestive 
Disease Week, 6900 Grove Rd, Thoro- 
fare, NJ 08086. 


International, Multidiscipline Meet- 
ing on Plastic Surgery.—An_ inter- 
national, multidiscipline meeting on 
plastic surgery will be held in Ghi- 
cago, June 8 through 13. For registra- 
tion details write George A. Sisson, 
MD, General Chairman, Second In- 
ternational Symposium, 303 E Chi- 
cago Ave, Chicago, IL 60611. 
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-In the March PRISM... 


subjects of major interest 


-and concern to physicians 


PRISM 


Claude E. Welch, M.D. e CHINA REPORT 


How does the quality of Chinese medicine compare 
with Western medicine? While making amazing 
advances in some fields of medicine, why do the 
Chinese still cling to traditional, ritualistic practices 
and herbal medicine in others? The author, a 
member of an American medical delegation that 
toured China, provides a fascinating, first-hand 
report. 


Garrett J. Hardin, Ph.D. eWARNING: THIS RESEARCH 
COULD BE FATAL TO MANKIND 


Why have noted biological researchers asked fellow 
scientists to suspend certain research into gene 
manipulation and DNA transplantation? Could 
continued experimentation create pathogens fatal 
to man? 


Arthur Ancowitz, M.D. e CPI: HOW ACCURATE A 
BAROMETER IS IT? 


Is the Consumer Price Index a reliable, valid 
indicator of changes in medical care costs? Is 
medicine being singled out as a principal villain 
in the inflationary spiral? 


Felicia A. Holton ® STREAMLINED SURGERY 


What accounts for the increase of ambulatory 
Surgical centers in recent years? Why do some 
medical authorities oppose them? In this article. 
PRISM examines the Phoenix prototype. 


Leland B. Blanchard, M.D. eWHY WE’RE LOSING FAMILY DOCTORS 


Why don't more physicians enter family practice? 
If we hope to attract young doctors to primary 
care, what can be done to overcome the economic 
drawbacks? The author offers a progressive plan. 
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PHOTOGRAPH; SKYLAB IN ORBIT, COURTESY OF THE NATIONAL AERONAUTICS AND SPACE ADMINISTRATION. 


Broad-spectrum microbicidal action — 

the same as in BETADINE microbicides 

chosen by NASA for the Skylab mission and 

for the Apollo 11/12/14 splashdowns — 

is found in BETADINE Ointment. 

m Kills both gram-positive and gram-negative 
bacteria (including antibiotic-resistant strains), 
fungi, viruses, protozoa and yeasts. 

E Does not block air ...site can be bandaged 

.. . Virtually nonirritating and nonstinging ...does 
not stain skin and natural fabrics. 


Purdue Frederick 
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Packette 1/8 oz. 
Single-use size for 
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and catheter care. 


Tube 1 oz. 
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common skin infections... 
preventing infection in 
lacerations, abrasions and 
burns. 


Jar 1 lb. (also available 
5b. jar) 
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Whenthe | 
surgical patient _ 
has trouble sleeping 


Dalmaneé 


flurazepam AG 
can ease the 

long nights journey 
intoday = 


The postsurgical patient with 
insomnia may be a candidate for 
Dalmane (flurazepam HC1). It 
should be noted, however, tha: 
when insomnia is caused by pain, 
appropriate analgesic therapy is 
the treatment of choice. Should 
the insomnia persist after the 
pain is relieved, consider 
Dalmane. 





During the days surrounding 
surgery, a patient needs all his 


resources. ..and adequate sleep to 


meet a significant challenge to 


his system. Yet at this time, many 


patients — even those who 
regularly sleep well at home— 


may complain of insomnia in the 


alien hospital setting. 
To help your patients who 


experience trouble falling asleep, 


staying asleep and/or sleeping 


long enough, consider Dalmane 
(flurazepam HCl). Dalmane is a 


distinctive sleep medication 
specifically indicated for 


insomnia. Intensively investigated 


in sleep research laboratory *’ 
and other clinical®? studies, 


Dalmane has consistently brought 


relief to patients suffering from 
insomnia,’ including hospi- 
talized surgical patients with 
trouble sleeping? ° 


Inset; Anteroposteriôr view of fracture 
in irrttertrochanteric region of right hip. 
Illustration: X-ray of same patient, 
lightscanned and reprogrammed via 
computer to a light-recognition pattern, 
reveals fracture in intertrochanteric 
region of right hip reduced and fixed by a 
. nail and plate appliance. Each square 
segment averages light/dark values of 
corresponding area on x-ray. 





patients fall kalao 
promptly, sleep 
longer with a single 
h. S. dose 1,4,14,15 


With Dalmane (flurazepam HCl), 
sleep onset occurs within 

17 minutes, on average, as 
demonstrated by physiologic 
tracings in the sleep research 
laboratory. Nighttime awakenings 
and time awake after sleep 

onset are also markedly reduced, 
and patients sleep an average 

of 7 to 8 hours on a single 30-mg 
dose:!.4.14.15 — an advantage 
especially important in the 
hospital. 


effectiveness 
continues night 

after night,” ” 

a benefit after 

hospital discharge 


Dalmane has been shown to be 
consistently effective even during 
consecutive nights of administra- 
tion, without increasing dosage. 
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it’s relatively salle 
even for patients 


on warfarin?“ 


Dalmane (flurazepam HCl) 

is generally well tolerated; 
morning “hang-over” has been 
relatively infrequent. 

An added benefit: Dalmane 
and warfarin may be used 
concurrently without risk of 
unacceptable fluctuation in 
prothrombin time? $ 

Before prescribing, weigh 
potential benefits against 
possible risks (see Warnings 
and Precautions in complete 
product information ). 
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(15 mg may suffice in some patients ). 


One 15-mg capsule h.s.— initial dosage for 


elderly or debilitated patients. 
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A e induces sleep within 17 
minutes, on average 

e reduces nighttime 
awakenings 

-æ provides 7 to 8 hours 
of sleep, on average, 
with a single dose 
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~ Dalmane 
__ (flurazepam HCI) 


Before prescribing Dalmane (flurazepam 
HCI), please consult Complete Product 
Information, a summary of which follows: 


Indications: Effective in all types of insomnia 
characterized by difficulty in falling asleep, 
frequent nocturnal awakenings and/or early 
morning awakening; in patients with recurring 
insomnia or poor sleeping habits; and in 

acute or chronic medical situations requiring 
restful sleep. Since insomnia is often transient 
and intermittent, prolonged administration is 
generally not necessary or recommended. 


Contraindications: Known hypersensitivity 
to flurazepam HCl. 


Warnings: Caution patients about possible 
combined effects with alcohol and other 
CNS depressants. Caution against hazardous 
occupations requiring complete mental alert- 
ness (e.g., operating machinery, driving). 
Use in women who are or may become preg- 
nant only when potential benefits have been 
weighed against possible hazards. Not 
recommended for use in persons under 15 
years of age. Though physical and psycho- 
logical dependence have not been reported 
on recommended doses, use caution in 
administering to addiction-prone individuals 
or those who might increase dosage. 


Precautions: In elderly and debilitated, initial 
dosage should be limited to 15 mg to preclude 
oversedation, dizziness and/or ataxia. If 
combined with other drugs having hypnotic 
or CNS-depressant effects, consider potential 
additive effects. Employ usual precautions 

in patients who are severely depressed, or 
with latent depression or suicidal tendencies. 
Periodic blood counts and liver and kidney 
function tests are advised during repeated 
therapy. Observe usual precautions in 
presence of impaired renal or hepatic function. 


Adverse Reactions: Dizziness, drowsiness, 
lightheadedness, staggering, ataxia and 
falling have occurred, particularly in elderly 
or debilitated patients. Severe sedation, 
lethargy, disorientation and coma, probably 
indicative of drug intolerance or overdosage, 
have been reported. Also reported were 
headache, heartburn, upset stomach, nausea, 
vomiting, diarrhea, constipation, GI pain, 
nervousness, talkativeness, apprehension, 
irritability, weakness, palpitations, chest 
pains, body and joint pains and GU com- 
plaints. There have also been rare occurrences 
of sweating, flushes, difficulty in focusing, 
blurred vision, burning eyes, faintness, 
hypotension, shortness of breath, pruritus, 
skin rash, dry mouth, bitter taste, excessive 


salivation, anorexia, euphoria, depression, 
slurred speech, confusion, restlessness, 
hallucinations, and elevated SGOT, SGPT, 
total and direct bilirubins and alkaline 
phosphatase. Paradoxical reactions, e.g., 
excitement, stimulation and hyperactivity, 
have also been reported in rare instances. 


Dosage: Individualize for maximum beneficial 
effect. Adults: 30 mg usual dosage; 15 mg 
may suffice in some patients. Elderly or 
debilitated patients: 15 mg initially until 
response is determined. 

Supplied: Capsules containing 15 mg or 

30 mg flurazepam HCl. 
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out-patientsin these categories. Wellcome / North Carolina 27709 





PIRIN COMPOUND ¢ ¢ CODEIN 


No.3, codeine phosphate*(32.4 mg) gr 4 - No.4, codeine phosphate*(64.8 mg) or] T" 


*Warning — may be habit-forming. Each tablet also contains aspirin gr 3⁄2, phenacetin gr 2%, caffeine or 4, : 





PUBLISHED TO CORRECT A PREVIOUS 
PROMOTIONAL CAMPAIGN WHICH THE FOOD AND 


DRUG ADMINISTRATION CONSIDERS MISLEADING 





DISCOVER 
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MINOCYCLINE HCI 





THE FOLLOWING PAGE PRESENTS IMPORTANT INFORMATION WHICH THE 
F.D.A. BELIEVES WAS NOT FAIRLY CONVEYED BY THE “DISCOVER MINOCIN” 
PROMOTIONAL CAMPAIGN. 


MINOCIN IS A TETRACYCLINE WITH GENERALLY 
THE SAME SPECTRUM AND LIMITATIONS AS 


TETRACYCLINE HCI. 








MINOCIN PROMOTION SPOTLIGHTED TABLES OF TISSUE PENE- 
NISCOVER TRATION DATA AND INITIAL CLINICAL TRIAL DATA. THE F.D.A. 
Sk et Siah REGARDS THESE DATA AS DIRECT CLAIMS OF EFFECTIVENESS 
bie ay A eb FOR SPECIFIC SITE INFECTIONS. 


infections due to susceptible WHILE TISSUE PENETRATION IS CONSIDERED 

E toe ESSENTIAL TO THERAPEUTIC EFFICACY, AND 
WHILE INITIAL CLINICAL TRIALS DEALT WITH 
NUMEROUS SPECIFIC SITE INFECTIONS, SUCH 
DATA AS PRESENTED IN THE MINOCIN PROMO- 
TION ARE INADEQUATE TO SUPPORT CLAIMS OF 
DISEASE SPECIFICITY. 


VENEREAL DISEASE WAS A FEATURED THEME OF MINOCIN 
PROMOTION. 


INJECTABLE BENZATHINE PENICILLIN G IS THE 
' DRUG OF CHOICE FOR SYPHILIS. INJECTABLE 
of venereal disease FOR GONORRHEA. 





“HOSPITAL INFECTIONS DUE TO SUSCEPTIBLE PATHOGENS’ WAS 
ANOTHER FEATURED THEME. 


ALTHOUGH MINOCIN SHOWS MODERATE IN VITRO 
ACTIVITY AGAINST CERTAIN STRAINS OF STAPHY- 
LOCOCCI RESISTANT TO TETRACYCLINE HCI, 
NEITHER MINOCIN NOR ANY OTHER TETRACYCLINE 


_inawide range of hospital. IS THE DRUG OF CHOICE FOR STAPHYLOCOCCAL 
infections a to susceptible INFECTION. 
pathogens 





MINOCIN WAS PROMOTED FOR UPPER RESPIRATORY 
INFECTIONS. 


NEITHER MINOCIN NOR ANY OTHER ANTIBIOTIC 

IS INDICATED FOR VIRAL UPPER RESPIRATORY 
INFECTIONS. IN ADDITION, NEITHER MINOCIN NOR 
ANY OTHER TETRACYCLINE IS RECOMMENDED 
FOR PROPHYLAXIS OF RHEUMATIC FEVER FOL- 
LOWING STREPTOCOCCAL INFECTIONS. 





in a wide range of respiratory 
infections due to 
susceptible pathogens 
THE MINOCIN PROMOTIONAL CAMPAIGN EMPHASIZED THAT ONE 
TETRACYCLINE SIDE EFFECT HAD NOT BEEN REPORTED WITH 
No MINOCIN. 


photosensitivity | | UNLIKE OTHER TETRACYCLINES, CNS SIDE EF- 
a reai date FECTS INCLUDING LIGHTHEADEDNESS, DIZZI- 

, NESS, OR VERTIGO HAVE BEEN REPORTED WITH 
MINOCIN. PATIENTS WHO EXPERIENCE THESE 
SYMPTOMS SHOULD BE CAUTIONED ABOUT DRIV- 
ING VEHICLES OR USING HAZARDOUS MACHINERY 
WHILE ON MINOCYCLINE THERAPY. 


THIS PROMOTIONAL CAMPAIGN HAS BEEN DISCONTINUED BY 
DIRECTION OF THE FOOD AND DRUG ADMINISTRATION. 
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MINOCIN* Minocycline Hydrochloride 
Oral and Intravenous 


DESCRIPTION: MINOCIN minocycline hydrochloride 
is a semi-synthetic derivative of tetracycline, 7- 
dimethylamino-6-deoxy-6-demethyltetracycline 
hydrochloride. 

Intravenous: Each vial, dried by cryodesiccation, 
contains sterile Minocycline Hydrochloride equivalent 
to 100 mg. Minocycline. When reconstituted with 5 cc. 
4 ae Water For Injection the pH ranges from 2.0 

028. 
ACTIONS: Microbiology. The tetracyclines are pri- 
marily bacteriostatic and are thought to exert their 
antimicrobial effect by the inhibition of protein synthe- 
sis. Minocycline HCI is a tetracycline with antibacterial 
activity comparable to other tetracyclines with activity 
against a wide range of gram-negative anc gram-posi- 
tive organisms. 

Tube dilution testing: Microorganisms may be con- 
sidered susceptible (likely to respond to minocycline 
therapy) if the minimum inhibitory concentration 
(M.1.C.) is not more than 4.0 mcg./ml. Microorganisms 
may be considered intermediate (harboring partial 
resistance) if the M1.C. is 4.0 to 12.5 meg./ml. and 
resistant (not likely to respond to minocycline therapy) 
if the M.LC. is greater than 12. 5 mcg./ml 

Susceptibility plate testing: If the Kirby-Bauer 
method of susceptibility testing (using a 30 mcg. tetra- 
cycline cisc) gives a zone of 18 mm. or greater, the 
bacterial strain is considered to be susceptible to any 
tetracycline. Minocycline shows moderate in vitro 
activity against certain strains of staphylococci which 
have been found resistant to other tetracyclines. For 
such strains minocycline susceptibility powder may be 
used for additional susceptibility testing. 
INDICATIONS: MINOCIN minocycline HCl is indicated 
in infections caused by the following microorganisms: 

Rickettsiae: (Rocky Mountain spotted fever, typhus 

fever and the typhus group. Q fever, rickettsialpox, 

tick fevers.) 

Mycopiasma pneumoniae (PPLO, Eaton agent), 

Agents of psittacosis and ornithosis. Agents of lym- 

phogranuloma venereum and granuloma inguinale. 

The sp:rochetal agent of relapsing fever (Borrelia 

recurrentis). The following gram-negative micro- 

organisms: 

Haemophilus ducreyi (chancroid), Pasteurella pestis 

and Pasteurella tularensis, Bartonella bacilliformis, 

Bacteroides species, Vibrio comma and Vibrio fetus, 

Brucella species (in conjunction with streptomycin). 

Because many strains of the following groups of 
microorganisms have been shown to be resistant to 
tetracyclines, culture and susceptibility testing are 
recommended. 

MINOCIN minocycline HCl is indicated for treatment 
of infections caused by the following gram-negative 
microorganisms, when bacteriologic testing indicates 
appropriate susceptibility to the drug: 

scherichia coli, Enterobacter aerogenes (formerly 

Aerobacter aerogenes), Shigella species, Mima spe- 

cies and Herellea species, Haemophilus influenzae 

(respiratory infections), Klebsiella species (respira- 

tory and urinary infections). 

MINOCIN is indicated for treatment of infections 

caused by the following gram-positive microorganisms 
when bacteriologic testing indicates appropriate sus- 
ceptibility to the drug: 
Streptococcus species: Up to 44 percent of strains of 
Streptococcus pyogenes and 74 percent of Strepto- 
coccus faecalis have been found to be resistant to 
tetracycline drugs. Therefore, tetracyclines should not 
be used for streptococcal disease unless the organism 
has been demonstrated to be sensitive 

For upper respiratory infections due to group A 
beta-hemolytic streptococci, penicillin is the usual 
drug of choice. including prophylaxis of rheumatic 
fever. 

Diplococcus pneumoniae. 

Staphylococcus aureus, skin and soft tissue infections. 
Tetracyclines are not the drugs of choice in the treat- 
ment of any type of staphylococcal infection. 

When penicillin is contraindicated, tetracyclines are 
alternative drugs in the treatment of infections due 
to: 

Neisseria gonorrhoeae, and Neisseria meningitidis 

(LV. only), Treponema pallidum and Treponema per- 

tenue (syphilis and yaws), Listeria monocytogenes, 

Clostridium species, Bacillus anthracis, Fusobac- 

terium fusiforme (Vincents infection). Actinomyces 

species. 

In acute intestinal amebiasis, the tetracyclines may 
be a useful adjunct to amebicides. 

MINOCIN is indicated in the treatment of trachoma, 
although tne infectious agent is not always eliminated. 
as judged by immunofliuorescence. Inclusion conjunc- 
tivitis may be treated with oral tetracyclines or with a 
combination of oral and topical agents. 

Oral only: In severe acne, the tetracyclines may be 
useful adjunctive therapy. Minocycline is indicated in 
the treatment of asymptomatic carriers of N. meningi- 
tidis to eliminate meningococci from the nasopharynx. 

In order to preserve the usefulness of MINOCIN 
minocycline HCI in the treatment of asymptomatic 
meningococcal carriers, diagnostic laboratory proce- 
dures, including serotyping and susceptibility testing, 
should be performed to establish the carrier state and 














the correct treatment. It is recommended that the drug 
be reserved for situations in which the risk of menin- 
gococcal meningitis is high. 

Minocycline by oral administration is not indicated 

for the treatment of meningococcal infection. 
CONTRAINDICATIONS: This drug is contraindicated 
in persons who have shown hypersensitivity to any of 
the tetracyclines. 
WARNINGS: In the presence of renal dysfunction, 
particularly in pregnancy, intravenous tetracycline 
therapy in daily doses exceeding 2 grams has been 
associated with deaths through liver failure. 

When the need for intensive treatment outweighs its 
potential dangers (mostly during pregnancy or in indi- 
viduals with known or suspected renal or liver impair- 
ment), it is advisable to perform renal and liver function 
tests before and during therapy. Also tetracycline 
serum concentrations should be followed. 

If renal impairment exists, even usual oral or paren- 
teral doses may lead to excessive systemic accumula- 
tion of the drug and possible liver toxicity. Under such 
conditions, lower than usual total doses are indicated, 
and if therapy is prolonged, serum level determinations 
of the drug may be advisable. This hazard is of particu- 
lar importance in the parenteral administration of 
tetracyclines to pregnant or postpartum patients with 
pyelonephritis. When used under these circumstances, 
the blood level should not exceed 15 micrograms/ml. 
and liver function tests should be made at frequent 
intervals. Other potentially hepatotoxic drugs should 
not be prescribed concomitantly. 

The use of tetracyclines during tooth development 
(last half of pregnancy, infancy, and childhood to the 
age of 8 years) may cause permanent discoloration of 
the teeth (yellow-gray-brown). This adverse reaction is 
more common during long-term use of the drugs but 
has been observed following repeated short-term 
courses. Enamel hypoplasia has also been reported. 
Tetracyclines, therefore, should not be used in this age 
group unless other drugs are not likely to be effective 
or are contraindicated. 

Photosensitivity manifested by an exaggerated sun- 
burn reaction has been observed in some individuals 
taking tetracyclines. Patients apt to be exposed to 
direct sunlight or ultraviolet light should be advised 
that this reaction can occur with tetracycline drugs, and 
treatment should be discontinued at the first evidence 
of skin erythema. Studies to date indicate that photo- 
en does not occur with MINOCIN minocycline 


The antianabolic action of the tetracyclines may 
cause an increase in BUN. While this is not a problem in 
those with normal renal function, in patients with sig- 
nificantly impaired function, higher serum levels of 
tetracycline may lead to azotemia, hyperphosphate- 
mia, and acidosis. 

CNS side effects including lightheadedness, dizzi- 
ness or vertigo have been reported. Patients who 
experience these symptoms should be cautioned 
about driving vehicles or using hazardous machinery 
while on minocycline therapy. These symptoms may 
disappear during therapy and always disappear rapidly 
when the drug is discontinued. 

Usage in Pregnancy. (See above “Warnings” about use 
during tooth development.) 

Results of animal studies indicate that tetracyclines 
cross the placenta, are found in fetal tissues and can 
have toxic effects on the developing fetus (often 
related to retardation of skeletal development). Evi- 
dence of embryotoxicity has also been noted in animals 
treated early in pregnancy 
Usage in newborns, infants, and children. (See above 
“Warnings” about use during tooth development.) 

All tetracyclines form a stable calcium complex in 
any bone forming tissue. A decrease in the fibula 
growth rate has been observed in prematures given 
oral tetracycline in doses of 25 mg./kg. every 6 haurs. 
This reaction was shown to be reversible when the drug 
was discontinued. 

Tetracyclines are present in the milk of lactating 
women who are taking a drug in this class. 
PRECAUTIONS: As with other antibiotic prepara- 
tions, use of this drug may result in overgrowth of 
nonsusceptible organisms, including fungi. If superin- 
fection occurs, the antibiotic should be discontinued 
and appropriate therapy should be instituted 

In venereal diseases when coexistent syphilis is 
suspected, darkfield examination should be done 
before treatment is started and the blood serology 
repeated monthly for at least 4 months 

Because tetracyclines have been shown to depress 
plasma prothrombin activity, patients who are on anti- 
coagulant therapy may require downward adjustment 
of their anticoagulant dosage 

In long-term therapy periodic laboratory evaluation 
of organ systems, including hematopoietic, renal and 
hepatic studies should be performed. 

All infections due to Group A beta-hemolytic strep- 
tococci should be treated for at least 10 days. 

Since bacteriostatic drugs may interfere with the 
bactericidal action of penicillin, it is advisable to avoid 

iving tetracycline in conjunction with penicillin. 

DVERSE REACTIONS: Gastrointestinal: Anorexia, 
nausea, vomiting, diarrhea, glossitis, dysphagia, 
enterocolitis, and inflammatory lesions (with monilial 
overgrowth) in the anogenital region 

These reactions have been caused by both the oral 











and parenteral administration of tetracyclines. Skin: 
Maculopapular and erythematous rashes. Exfoliative 
dermatitis has been reported but is uncommon. Photo- 
sensitivity is discussed above. (See “Warnings.’) Renal 
toxicity: Rise in BUN has been reported and is 
apparently dose related. (See “Warnings.’) Hypersen- 
sitivity reactions: Urticaria, angioneurotic edema, ana- 
phylaxis, anaphylactoid purpura, pericarditis and 
exacerbation of systemic lupus erythematosus. Bulg- 
ing fontanels have been reported in young infants 
following full therapeutic dosage. This sign disap- 
peared rapidly when the drug was discontinued. Blood: 
Hemolytic anemia, thrombocytopenia, neutropenia 
and eosinophilia have been reported CNS: (See 
“Warnings:’) When given over prolonged periods, 
tetracyclines have been reported to produce brown- 
black microscopic discoloration of thyroid glands. No 
abnormalities of thyroid function studies are known 
to occur. 

DOSAGE AND ADMINISTRATION: ORAL. Therapy 

should be continued for at least 24-48 hours after 

symptoms and fever have subsided. 

Concomitant therapy: Antacids containing alumi- 
num, calcium, or magnesium impair absorption and 
should not be given to patients taking oral tetra- 
cycline. 

Studies to date have indicated that the absorption of 
MINOCIN is not notably influenced by foods and dairy 
products. 

In patients with renal impairment: (See “Warnings”’) 
Total dosage should be decreased by reduction of 
recommended individual doses and/or by extending 
time intervals between doses. 

In the treatment of streptococcal infections, a thera- 
peutic dose of tetracycline should be administered for 
at least 10 days. 

Adults: The usual dosage of MINOCIN minocycline 
HCI is 200 mg. initially followed by 100 mg. every 12 
hours. Alternatively, if more frequent doses are pre- 
ferred, two or four 50 mg. capsules may be given. 
initially followed by one 50 mg. capsule four times 
daily 

Children: The usual dosage of MINOCIN minocy- 
cline HCI is 4 mg./kg. initially followed by 2 mg./kg. 
every 12 hours 

For treatment of syphilis, the usual dosage of 
MINOCIN should be administered over a period of 
10-15 days. Close follow-up, including laboratory tests, 
is recommended. 

Gonorrhea patients sensitive to penicillin may be 
treated with MINOCIN, administered as 200 mg. ini- 
tially followed by 100 mg. every tweive hours for a 
minimum of 4 days, with post-therapy cultures within 
2-3 days. 

In the treatment of meningococcal carrier state rec- 
ommended dose is 100 mg. every 12 hours for five 


days. 

DOSAGE AND ADMINISTRATION: INTRAVENOUS. 
Note: Rapid administration is to be avoided. Parenteral 
therapy is indicated only when oral therapy is not 
adequate or tolerated. Oral therapy should be insti- 
tuted as soon as possible. If intravenous therapy is 
given over prolonged periods of time, thrombophie- 
bitis may result 

Adults: Usual adult dose: 200 mg. followed by 100 
mg. every 12 hours and should not exceed 400 mg. in 
24 hours. The drug should be initially dissolved and 
then further diluted to 500-1000 cc. with either 
Sodium Chloride Injection USP, Dextrose Injection 
USP. Dextrose and Sodium Chloride Injection USP. 
Ringer's Injection USP. or Lactated Ringer's Injection 
USP but not in other solutions containing calcium (a 
precipitate may form). 

The reconstituted solutions are stable at room tem- 
perature for 24 hours without significant loss of 
potency. Any unused portions must be discarded after 
tnat period. The final dilution for administration should 
be administered immediately. 

Children: Usual pediatric dose: 4 mg./kg. followed by 
2 mg./kg. every 12 hours. | 

In patients with renal impairment: (See “Warnings: ) 

Total dosage should be decreased by reduction of 

recommended individual doses and/or by extending 
time intervals between doses. 
HOW SUPPLIED: CAPSULES—Minocycline 
Hydrochloride equivalent to 100 mg. Minocycline. 
Hardshell purple and orange. Bottles of 50, 100 and 
Unit Dose 10 x 10's. Product No. 5301. 

Minocycline Hydrochloride equivalent to 50 mg. 
Minocycline. Hardshell orange. Bottles of 100 and Unit 
Dose 10 x 10's. Product No. 5300. 

SYRUP—Minocycline Hydrochloride equivalent to 
50 mg. Minocycline per teaspoonful (5 cc.). Preserved 
with propylparaben 0 10% and butylpasaben 0.06% with 
Alcohol USP 5% v/v. Custard-flavored ig bottles of 2 fl. 
oz. Product No. 5313. 

INTRAVENOUS—100 mg. vials of sterile cryodesic- 
cated powder. Product No. 5305. (Combined 10/74) 
MILITARY NSN 6505-00-149-0574 100 mg. I.V. 


oot NSN 6505-00-003-5112 
VA NSN 6505-00-003-5112A 
Lederle Laboratories, A Division of 


American Cyanamid Company 
Pearl River, N.Y. 10965 


100 mg. capsules 
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. Contents continued from p 360. _ 
BRIEF CLINICAL NOTES 


Trauma to the Appendix: A Report of Two Cases 


David A. Geer, MD; George Armanini, MD; 
James M. Guernsey, MD, San Jose, Calif 


A curiosity. 


Gallstone Ileus in the Absence of a Gallbladder: A Case Report 


Terry M. Lindsey, MD; Andres Katz-Unger, MD; 
William M. Strickland, Jr., MD, Dallas 


A rare cause of bowel obstruction. 


REGULAR DEPARTMENTS 
Letters to the Editor 


What Kind of Elastic Stocking? 
Bernard Sigel, MD, Chicago 


Technique of Arteriography 
Andrew B. Crummy, MD, Madison, Wis 


Reply 
Richard T. Purdy, MD, New York 


Thickness of Skin Graft Blade 


Eugene A. Gaston, MD, Framingham, Mass 


Reply 
Robert M. Goldwyn, MD, Brookline, Mass 


The Antimesenteric Slit 


Lawrence Braslow, MD, Riverside, Calif 


Reply 
Murry G. Fischer, MD, New York 


Carcinoid Tumors With Supraclavicular-Lymph Node Metastasis 


Jerome M. Feldman, MD, James W. Plonk, MD, Durham, NC 


Spasm and Operative Cholangiography 
William C. Robtrtson, MD, Chesterton, Ind 


Books 


Recent Advances on Pain (Bonica, et al, eds.) 
Reviewed by Segundina Saga, MD, Gainesville, Fla 


Safe Central. Venous Nutrition (Parsa) 
Reviewed by George L. Blackburn, MD, PhD, Boston 
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STAFF 
SURGEON 


Qualified surgeon with specialty 
in thoracic and vascular to work 
in a large active GM&S hospital, 
affiliated with the University of 
Virginia Medical School. 


The position includes respon- 
sibilities in the training of resi- 
dents and surgical students. Ex- 
perience and interest in teaching 
and research desirable. 


Hospital adjoins the city of 
Roanoke on a 266-acre site in 
the beautiful Roanoke Valley be- 
tween the Allegheny and Blue 
Ridge mountains, with a valley 
population of approximately 
250,000. 


Requires permanent visa or U.S. 
citizenship. Salary dependent 
upon qualifications. 


Contact Chief of Surgery, 
VA Hospital, 

Salem, Virginia, 24153. 
Equal Opportunity Employer. 
Telephone 703-344-2021, 
Extension 221. 
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Less anxiety 
before surgery. 


Strange surroundings and impending surgical procedures 
may produce acute anxiety in some patients, even though they 
have been carefully counseled and reassured. Injectable Valium’ 
(diazepam) (I.M. route preferred) can calm such patients 
promptly while increasing their cooperation and reducing their 
apprehension concerning the procedure. 


Injectable Valium seldom significantly alters vital signs. 
Nevertheless, use care when administering to the elderly 
and very ill patients and to those with limited pulmonary. 
reserve because of the possibility of apnea and/or cardiac 
arrest. Resuscitative facilities should be readily available. 


And Valium (diazepam) provides the added benefit of ` 
reducing the dosage of narcotic analgesics needed by at least 
one-third. In some cases, the use of narcotics may be eliminated 
entirely. Do not mix or dilute Injectable Valium with other 
drugs, solutions or fluids. The 10-mg Tel-E-Ject*disposable 
syringe is especially useful since it provides a convenient method 
of using Valium and at the same time helps assure aseptic handling. 


lessneedfor _ 
narcotic analgesics. 












In jecta ble Valiu M1 (diazepam) 





ready-to-use 2-ml Tel-E-Ject (disposable syringes) 
: : 2-mlampuls > 5mg/mi 
| 10-ml vials 
for excessive anxiety prior to surgery 


i Before prescribing, please consult complete product information, 


a summary of which appears on the following page. 
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ready-to-use 2-ml Tel-E-Ject® (disposable syringes) 


= Before prescribing, please consult complete product information, 


h 


nan 





a summary of which follows: 


Indications: Tension and anxiety states; somatic complaints which 
are concomitants of emotional factors; psychoneurotic states 
manifested by tension, anxiety, apprehension, fatigue, depressive 
symptoms or agitation; symptomatic relief of acute agitation, 
tremor, impending or acute delirium tremens and hallucinosis due 
to acute alcohol withdrąwal; adjunctively in: relief of skeletal 
muscle spasm due to reflex spasm to local pathology; spasticity 
caused by upper motor neuron disorders; athetosis; stiff-man syn- 
drome; tetanus; status epilepticus and severe recurrent seizures; 
adjunctively in anxiety, tension or acute stress reactions prior to 
endoscopic and surgical procedures; cardioversion. 


Contraindicated: In infants; in patients with known hypersensitiv- 
ity to the drug; in acute narrow angle glaucoma; may be used in 
patients with open angle glaucoma receiving appropriate therapy. 


Warnings: When used 1.V., the following procedures should be 
undertaken to reduce the possibility of venous thrombosis, phle- 
bitis, lecal irritation, swelling, and, rarely, vascular impairment. 
Inject slowly, taking at least one minute for each 5 mg (1 ml) 
given; do not use small veins, i.e., dorsum of hand or wrist; ex- 
treme care should be taken to avoid intra-arterial administration 
or extravasation. Do not mix or dilute with other solutions or 
drugs; do not add to 1.V. fluids. 


Administer with extreme care to elderly or very ill and those with 
limited pulmonary reserve because of possibility of apnea and/or 
cardiae arrest; have resuscitative facilities available. When used 
with narcotic analgesic eliminate or reduce narcotic dosage at 
least 1⁄4, administer in small increments. Should not be admin- 
istered to patients in shock, coma, acute alcoholic intoxication 
with depression of vital signs. As with most CNS-acting drugs, 
caution against hazardous occupations requiring complete mental 
alertness (e.g., operating machinery, driving). Advise against 
simultaneous ingestion of alcohol and other CNS depressants. 
Withdrawal symptoms (similar to those with barbiturates and 
alcohol) have occurred following abrupt discontinuance (con- 
vulsions, tremor, abdominal and muscle cramps, vomiting and 
sweating). Keep addiction-prone individuals under careful surveil- 
lance because of their predisposition to habituation and depend- 
ence. In pregnancy, nursing women or women of childbearing 
potential, weigh expected benefit against possible hazard to 
mother and child. Not recommended for OB use. 


Precautions: If combined with other psychotropics or anticon- 
vulsants, carefully consider individual pharmacologic effects— 
particularly with known compounds which may potentiate action 
of Valium(diazepam), i.e., phenothiazines, narcotics, barbitu- 
rates, MAO inhibitors and other antidepressants. Protective 
measures indicated in highly anxious patients with accompanying 
depression who may have suicidal tendencies. Observe usual pre- 
cautions in impaired hepatic function; avoid accumulation in 
patients with compromised kidney function. Laryngospasm and 
increased cough reflex are possible during peroral endoscopic 
procedures; use topical anesthetic and have necessary counter- 
measures available. Hypotension or muscular weakness possible, 
particularly when used with narcotics, barbiturates or alcohol. 
Use lower doses (2 to 5 mg) for elderly and debilitated; safety 
and efficacy in children under 12 not established. 


2-mlampuls 
10-ml vials 


5mg/ml 


Adverse Reactions: Drowsiness, fatigue, ataxia, venous thrombo- 
sis and phlebitis at injection site, confusion, depression, dysar- 
thria, headache, hypoactivity, slurred speech, syncope, tremor, 
vertigo, constipation, nausea, incontinence, changes in libido, 
urinary retention, bradycardia, cardiovascular collapse, hypoten- 
sion, blurred vision, diplopia, nystagmus, urticaria, skin rash, 
hiccups, changes in salivation, neutropenia, jaundice. Paradoxical 
reactions such as acute hyperexcited states, anxiety, hallucina- 
tions, increased muscle spasticity, insomnia, rage, sleep disturb- 
ances and stimulation have been reported; should these occur, use 
of the drug should be discontinued. Cough, depressed respiration, 
dyspnea, hyperventilation, laryngospasm and pain in throat and 
chest have been reported in peroral endoscopic procedures. Iso- 
lated reports of neutropenia, jaundice; periodic blood counts and 
liver function tests advisable during long-term therapy. Minor 
EEG changes, usually low-voltage fast activity, of no known 
significance. 

Dosage: Usual initial adult dose is 2 to 20 mg I.M. or I.V., de- 
pending on indication and severity. Larger doses may be required 
in some conditions (tetanus). In acute conditions injection may 
be repeated within 1 hour, although interval of 3 to 4 hours is 
usually satisfactory. Lower doses (usually 2 to 5 mg) with slow 
dosage increase for elderly or debilitated patients and when 
sedative drugs are added. (See Warnings and Adverse Reactions.) 


I.M. use: by deep injection into the muscle. 


1.V. use: inject slowly, take at least one minute for each 5 mg 

(1 ml) given. Do not use small veins, i.e., dorsum of hand or 
wrist. Use extreme care to avoid intra-arterial administration or 
extravasation. Do not mix or dilute with other solutions or drugs; 
do not add to I.V. fluids. 


Moderate psychoneurotic reactions, 2 to 5 mg I.M. or I.V. and 
severe psychoneurotic reactions, 5 to 10 mg I.M. or I.V., repeat in 
3 to 4 hours if necessary; acute alcoholic withdrawal, 10 mg I.M. 
or I.V. initially, then 5 to 10 mg in 3 to 4 hours if necessary; 
muscle spasm, 5 to 10 mg I.M. or I.V. initially, then 5 to 10 mg in 
3 to 4 hours if necessary (tetanus may require larger doses); 
status epilepticus, severe recurrent convulsive seizures, 5 to 10 mg 
I.M. or I.V. initially, repeat in 2 to 4 hours if necessary. In endo- 
scopic procedures, titrate I.V. dosage to desired sedative response, 
generally 10 mg or less but up to 20 mg (if narcotics are omitted) 
immediately prior to procedure; if I.V. cannot be used, 5 to 10 
mg I.M. approximately 30 minutes prior to procedure. As pre- 
operative medication, 10 mg I.M.; in cardioversion, 5 to 15 mg 
I.V., within 5 to 10 min. prior to procedure. Once acute symptom- 
atology has been properly controlled with injectable form, patient 
may be placed on oral form if further treatment is required. 


Management of Overdosage: Manifestations include somno- 
lence, confusion, coma and diminished reflexes. Monitor respira- 
tion, pulse, blood pressure; employ general supportive measures, 
I.V. fluids, adequate airway. Use levarterenol>r metaraminol,for 
hypotension, caffeine and sodium benzoate for CNS-depressive 
effects. Dialysis is of limited value. 


Supplied: Ampuls, 2 ml, boxes of 10; Vials, 10 ml, boxes of 1; 
Tel-E-Ject® (disposable syringes), 2 ml, boxes of 10. Each ml, 
contains 5 mg diazepam compounded with 40% propylene glycol, 
10% ethyl alcohol, 5% sodium benzoate and benzoic acid as 
buffers, and 1.5% benzyl alcohol as preservative. 


' 
1 . 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. : à 
Nutley, New Jersey 07110 | : 











ey 
eT 


Editorials 





The Concept of Physiologic Dysfunction 
of the Gallbladder 


patient admitted with abdominal pain requires 
careful questioning, a thorough examination, and in- 
dicated laboratory tests. All surgeons are familiar with 
the patient who is admitted with postprandial upper 
abdominal colicky pain, some degree of fatty food in- 
tolerance, nausea, and flatulence, but whose oral chole- 
cystogram is “within normal limits.” It is becoming 
increasingly apparent that the symptoms described above 
may be associated with motor dysfunction of the gallblad- 
der, originally termed “biliary dyskinesia” by Westphal in 
1923. 

In the early years of this century, prior to the advent of 
oral cholecystography, the gallbladder was removed in 
many patients who had the “classical” symptoms of upper 
abdominal colicky pain associated with fatty food intoler- 
ance, flatulence, and occasional nausea. Additional factors, 
such as constipation, headache, or being female, fat, and 
fertile, simply made cholecystectomy more urgent. Many 
of these patients had an abnormal gallbladder; the major- 
ity were helped by cholecystectomy; some continued to 
have the same complaints; and still others developed more 
symptoms defying treatment and leading to the term 
“postcholecystectomy syndrome.” 

In 1924, roentgenographic opacification of the gallblad- 
der was described by Graham and Cole.' Identification of 
stones or inability to visualize the gallbladder gave firm 
evidence of cholecystic disease and justified cholecystec- 
tomy in these circumstances. The widespread application 
of oral cholecystography, coupled with the increasing rec- 
ognition of the postcholecystectomy syndrome, gradually 
led to the insistence that cholecystectomy only be under- 
taken when abnormality of the gallbladder could be dem- 
onstrated roentgenographically. 

As pointed out by Farrar,’ this inflexible approach to 
cholecystectomy for patients complaining of upper ab- 
dominal discomfort brought out by fatty food has proba- 
bly led to the underdiagnosis of biliary tract disease. Oral 
cholecystography is probably 90% to 95% accurate. Thus, 
as pany as 5% to 10% of patients with a “normal” oral 
cholecystogram may have gallstones. Moreover, standard 
oral cholecystography may not bring out motor dysfunc- 
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tion as is seen in the cystic duct syndrome,’ which is a bet- 
ter term than the many that have been used in the past to 
describe this abnormality, such as biliary dyskinesia, cys- 
tic syndrome, gallbladder siphopathy, choledochal tenes- 
mus, and infundibulocervicocystic dyskinesia. This multi- | 
tude of terms simply emphasizes the ignorance about the 
pathogenesis of the condition. s : 

The restrictive approach to the patient with possible 
motor dysfunction of the biliary tract and a “normal” cho- 
lecystogram is responsible for the increasing number of 
reports of patients with continuing symptoms over a pe- 
riod of years subjected to many oral cholecystograms. The 
leader in this category is an illustrative case report by 
Camishon and Goldstein‘ of a man who had 11 years of 
symptoms and 21 oral cholecystograms before he was rec- 
ognized as having the cystic duct syndrome. Many recent 
articles support the concept of performing cholecystec- 
tomy on patients who have typical biliary colic, even 
though the oral cholecystogram has been interpreted as 
normal. The relief of symptoms in such patients properly 
selected for cholecystectomy is also encouraging and has 
led to the liberalization of the indications for gallbladder y 
removal. | 

It would now seem appropriate to develop a scheme of 
diagnostic maneuvers in these patients to identify the 
ones whose symptoms are due to motor dysfunction of the 
gallbladder. The intent of these diagnostic maneuvers 
should be not only to diagnose biliary tract abnormalities 
correctly but also to aid in the identification of patients 
whose psychosomatic illness is manifest as upper abdomi- 
nal pain. The additional diagnostic tests that should be 
performed under these circumstances are cholecystokinin- 
oral cholecystography, cholecystokinin-biliary drainage, 
and selective angiography. 

Administration of cholecystokinin in patients with a 
readily visualized gallbladder was described as early as 
1958 by Broden.* This polypeptide is a powerful stimulant 
of gallbladder contractions. As described by McFarland 
and Currin,’ there are three possible positive responses to 
cholecystokinin-cholecystography: (1) prompt reproduc- 
tion of the patient’s symptoms; (2) the “fighting gallblad- 
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_ der,” which shows vigorous contractions without empty- 
~ ing; and (8) less than 50% reduction in size within 30 
= minutes of injection. 
= Duodenal drainage of bile after gallbladder contraction 
«e isan old test. The use of cholecystokinin to stimulate gall- 
__ bladder emptying has improved the accuracy of this test. 
= So-called B bile, appearing after administration of cho- 
= leeystokinin, is examined for cholesterol crystals, bacteria, 
= Or white cells, all indicative of gallbladder abnormalities. 
i This test has been reported recently by Stueber and De- 





= Marco with good predictive success.’ In those patients 
whose biliary tract is normal in response to these cholecys- 
= tokinin tests, angiography to rule out visceral arterial ab- 
= normalities is in order. 
x Undoubtedly, as more information is learned aboùt the 
= physiological dysfunction of the gastrointestinal tract 
: a more clinical tests will appear. All surgeons should become 
O familiar with them as well as with their proper perform- 
= ance and interpretation. It is only with the judicial and 
= accurate use of such available diagnostic methods in a 
a _ patient with abdominal pain whose roentgenographic eval- 
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Tvhe face of cancer management is changing rapid- 
En ly. Following the distinct improvements of the past 
= five years in control of patients with Hodgkin disease, 
AA Wilm tumor, osteogenic sarcoma, and childhood leukemia, 
= attention of chemotherapists and radiation therapists is 
= being directed increasingly at those neoplasms tradition- 
ae ally in the domain of surgeons. Indeed, early reports of 
= multiple-drug treatment of advanced breast cancer have 
= shown a remarkable improvement in results, as contrasted 
~ with conventional management. During the coming dec- 
= ade, we will surely witness greatly intensified efforts 
= to combine chemotherapy, immunotherapy, and radiation 
= therapy with operative intervention for treatment of cur- 
~ able and incurable patients with neoplasms of the breast, 
E stomach, pancreas, colon, and lung; almost as surely, re- 
= sults will improve. 
= No medical scientists have a greater opportunity than 
= surgeons to understand the natural history of these solid 
3 neoplasms. Since at least the initial management of pa- 
= tients with these tumors is under the control of surgeons, 
= we have a unique challenge to provide the leadership for 
= Comparing operative intervention with other combina- 
“D tions of management. With notable exceptions, American 
= surgeons have, instead, chosen to release to their col- 
Lie leagues in medicine those patients who require complex 
= and chronic management. Within a brief period of time, a 
_ medical subspecialty of oncology has emerged. 
3 It is difficult to explain why some surgeons have failed 
~. to maintain a continuing responsibility for their patients 
= with cancer. The reason is not a dislike for nonoperative 





uation is “normal” that surgeons will avoid committing 
the most egregious surgical error: operating on someone 
whose symptoms are not due to a lesion requiring a surgi- 
cal correction. 


WARD O. GRIFFEN, JR., MD 

Albert B. Chandler Medical Center 
University of Kentucky 
Lexington, KY 40506 
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a Surgeons and Cancer 


patients, because surgeons have provided expertise in the 
management of thermal trauma and pancreatitis, where 
the need for an operation is less prominent than complex 
pharmacological and physiological support. Perhaps sur- 
geons have a preoccupation with acute disease; our tem- 
peraments are sometimes ill-suited to treat effectively pa- 
tients who have chronic illness. 

The management of patients with cancer is moving 
toward multidisciplinary care. Surgeons should help to de- 
velop these care systems, as consulting teams in smaller 
hospitals, and as geographically identified inpatient units 
in larger institutions. Surgical house staff should partici- 
pate in these activities. Some of our surgical training pro- 
grams should broaden the base of graduate education in 
clinical pharmacology, pathology, immunology, and radia- 
tion therapy to provide a background for surgical oncol- 
ogy. By so doing, progress will occur more quickly because 
surgeons themselves will be more knowledgeably and 
more intensively involved. 


JEROME J. DECossE, MD 
Medical College of Wisconsin 
8700 Wisconsin Ave 
Milwaukee, WI 53226 
THEODOR B. G@RAGE, MD 
Department of Surgery 
Medical School 

University of Minnesota , 
Mayo Memorial Building 
Minneapolis, MN 55455 
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an in-depth look at some new | 


and old concerns to medicine 
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FOR-PROFIT HOSPITALS: 
CAN THEY REALLY WORK TOGETHER 
WITH THE MONEY BOYS? 


While Big Business is bringing much-needed 
capital and improved management techniques to 
investor-owned hospitals, its profit approach 
raises questions of real concern to physicians: 
When dollars come first, will quality of care 
suffer? Will profit-minded management interfere 
in medical affairs? 


HOW--AND WHY--WE STARTED A PSRO 


What motivated some Washington, D.C., physicians 
to form a PSRO even before the federal legislation 
was passed? What were their colleagues’ reactions? 
What problems were encountered? Why is the 
author glad they took the initiative when they did? 


THEY'RE AFTER THE KILLERS 
ON JUSSI’S PLATE 


Why does a poor rural region in Finland have 
one of the world’s highest rates of cardio- 
vascular deaths? What steps are community 
health specialists taking to reduce the rate? Why 
will their success or failure perhaps have 
implications far beyond Finland’s borders? 


QUALITY CARE FOR PRISON PATIENTS 


Since health care in most U.S. prisons and jails 

is inadequate, how did Miami, Florida, break 
away from this dreary national pattern to set 

up a progressive and sophisticated new program? 
What were the elements that contributed to the 
dramatic improvement in health care? 
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For life-supportive parenteral hyperalimentation. ; 
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= Nowwith II changes 
for the ic 


I. The presence of 
phosphate. 








Il. the m cen of 





FreAmine is chemically the purest parenteral source 
of amino acids available for the prevention and treat- 
z ment of negative nitrogen balance, providing immedi- 
ate biologic availability without significant renal loss. 
And now we've taken it two steps further with 
FreAmine IL. 
We've made two important formula changes: the 


to minimize the incidence of hyperchloremic 4 
metabolic acidosis. , 
Two significant reasons why FreAmine I = 
is now an even better source of amino acids = 
for life-supporting total parenteral nutrition. * 
FreAmine II is the same concentrate of 8 
essential and 7 non-essential amino acids 
formulated for optimum nitrogen balance 


FreAmine I] 


addition of phosphate to reduce the possibility of 
) phosphate depletion and the deletion of chloride = 
\ 





eAmine’ li 
| (AMINO ACID 
INJECTION) 


chloride. 


and protein synthesis. And when mixed in a 1:1 ratio 
with 50% Dextrose Injection, it provides 6.25g. of 
completely utilizable nitrogen in 39g. of protein equiv- 
alent plus 850 non-protein calories per 1000 ml. 
Hyperalimentation Kit. FreAmine II is available 
alone or in a convenient, safe, ready-to-mix kit. It 
contains everything necessary to prepare a basic 
hyperalimentation mixture. And it greatly simplifies 
aseptic preparation. 
à For clinical literature on hyperalimentation and 
~. more information about FreAmine Il, contact 
— your McGaw representative or write for 
2 brochure. 
At McGaw, the change is always for the 
better. 


*With adequate calories and other nutrients, when oral alimenta- 





tion of protein is impaired or metabolic requirements are 
substantially increased. 


8.5% Amino Acid Injection 


Supports life with pure crystalline amino acids... 
prevents and treats negative nitrogen balance. * ag s 


For brief summary of prescribing information, see following page. Consult full product information before use. 
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tion is not feasible for prolonged periods, gastrointestinal absorp- 
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Warning: Hyperalimentation therapy should be used only by those 
familiar with its administration and complications. 
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Indication$:; As an adjunct in the prevention of nitrogen loss or in the treat- 
ment of negative nitrogen balance. 

Contraindications: Anuria, Hepatic Coma. 

Warnings: FREQUENT CLINICAL EVALUATION AND LABORATORY DETER- 
MINATIONS ARE NECESSARY FOR PROPER MONITORING OF HYPERALI- 
MENTATION. Administration of amino acids or protein hydrolysates to a 
patient with hepatic insufficiency may result in serum amino acid imbalances, 
pre-renal azotemia, and hyperammonemia. 

Hyperammonemia, when seen during hyperalimentation, appears to be dose- 
related and is more likely to develop during prolonged therapy. It is essential 
that blood ammonia be measured frequently in infants. Conservative doses of 
amino acids should be given. Should symptoms of hyperammonemia develop, 
FreAmine administration should be discontinued and the patient's clinical 
Status reevaluated. Administration of amino acids in the presence of impaired 
renal function may augment an increasing blood urea nitrogen. 

Safe use of FreAmine in pregnancy has not been demonstrated. 

Precautions: It is essential to provide adequate calories concurrently with 
FreAmine. Strongly hypertonic nutrient solutions should be administered 
through an indwelling intravenous catheter with the tip located in the supe- 
rior vena cava. Care should be taken to avoid circulatory overload, particu- 
larly in patients with cardiac insufficiency, Special care must be taken when 
giving hypertonic dextrose to a diabetic or prediabetic patient. 

Special Precautions of Hyperalimentation: 

1. Technical: Complications known to occur from the placement of central 
venous Catheters are pneumothorax, hemothorax, hydrothorax, artery puncture 
and transection, injury to the brachial plexus, malposition of the catheter, 
formation of arterio-venous fistula, phlebitis, thrombosis, and air and catheter 
embolus, . 

2. Septic: The constant risk of sepsis is present during total parenteral 
nutrition, Since contaminated solutions and infusion catheters are potential 
sources of infection, it is imperative that the preparation of hyperalimenta- 
tion solutions and the placement and care of catheters be accomplished 
under controlled aseptic conditions. 


Total parenteral nutrition solutions should be used promptly after mixing, 


Any storage should be under refrigeration and limited to a few days. Adminis- 
tration time for a single bottle and set shoulc never exceed 24 hours. 

3. Metabolic: The following metabolic complications have been reported: 
metabolic acidosis, hypophosphatemia, alkalosis, hyperglycemia and glyco- 
suria, OSmotic diuresis and dehydration, rebound hypoglycemia, elevated 
diver enzymes, hypo and hypervitaminosis, electrolyte imbalances, hyper- 
ammonemia in children, and allergic manifestations if a protein hydrolysate 


_ is used. FreAmine II 85% contains adequate phosphate (20 mEq./I.) to 


maintain normal serum phosphorus levels in most patients. Some patients 
may require additional phosphate. 

Adverse Reactions: See Warnings and Spec al Precautions of Hyperalimen- 
tation. Local reactions consisting of a warm sensation and erythema have 
been reported when FreAmine and hypertonic dextrose were administered by 


peripheral vein. 


Dosage and Administration: Daily doses of approximately 1.0 to 1.5 g. per 
kilogram of body weight for adults and 2 to 3 g. per kilogram of body weight 
for infants are generally sufficient to satisfy protein needs and promote posi- 
tive nitrogen balance although higher doses may be required in severely 
catabolic states. Such higher doses, especially in infants, must be accom- 


_ panied by more frequent laboratory evaluation. Adequate calories must be 


provided simultaneously. Calorie-to-nitrogen ratios of at least 100 to 150 non- 


_ protein calories per gram of nitrogen have been recommended to achieve 


‘positive nitrogen balance. The provision of sufficient intracellular electrolytes, 
principally potassium, magnesium, and phosphate, is also required for opti- 
mum utilization of emino acids. In addition, sufficient quantities of the major 
extracellular electrolytes, sodium, calcium, and chloride, must be given. Care 
must be taken to avoid incompatible electrolyte mixtures. Infusate levels of 
10-15 mEq./I. of phosphate, 5 mEq./I. of calcium, and 5-10 mEq,/I. of magne- 
sium rarely are incompatible when properly mixed. If a patient's nutritional 
intake is primarily parenteral, vitamins, especially the water-soluble vitamins, 
should also be provided. 

In adults, hypertonic mixtures of amino acids and dextrose may be safely 
administered only by continuous infusion through a central venous catheter 
with the tip located in the vena cava. For optimal nitrogen utilization, 500 mi. 
of FreAmine II 8.5%, appropriately mixed with dextrose, electrolytes, and 


= vitamins, is typically administered over an eight-hour period. If administra- 





tion rate should fall behind schedule, no attempt to "catch up" to planned 
intake should be made. In addition to meeting protein needs, the administra- 
tion rate is also governed, especially during the first few days of therapy, by 
the patient's gluccse tolerance. Daily intake of amino acids: and dextrose 
should be increased gradually to the maximum required dose as indicated by 
frequent determination of urine and blood sugar levels. 

In many patients, provision of adequate caiories in the form of hypertonic 
dextrose may require the administration of exogenous insulin to prevent 
hyperglycemia and glycosuria. To prevent rebound hypoglycemia, a solution 
containing 5% dextrose should be administered when hypertonic dextrose 
infusions are abruptly discontinued. 

Pediatric Dosage and Administration: Small infants (up to 10 kg.) on total 
parenteral nutrition generally receive 2 to 3 g. of protein, 100 calories, and 
120 to 150 mi. of fluid per kg. of body weight per day. This can be provided 
in a solution containing appr®ximatley 2¥%s% FreAmine II and 20% dextrose. 
However, ecause physiolagical changes occur rapidly in small infants, the 
daily dose of nutrients should initially be increased slowly with frequent 
monitoring of pertinent clinical and metabolic parameters, (See Warnings 
above) Large infants (over 10 kg.) and children require fewer calories; gen- 
erally 50 to 80 calories per kg. per day is sufficient. 

Route; Ingavenous. 

Caution: Federal (U.S.A.) law prohibits dispensing without prescription, 
How Supplied: FreAmine II 8.5% is supplied sterile and nonpyrogenic in 
500 mi. intravenous infusion bottles packaged alone and in Parenteral Hyper- 
alimentation Kits. i 
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How to separate 
fact from fiction 


about foods and diets 


What’s the single best way to shed 
pounds and slim down? What are the 
most nutritious foods for growing 
kids? Books and health columns by 
the hundreds offer answers. Trouble 
is, all too often you get conflicting 
answers. 


Where can you turn to, to get answers 
you can really trust? 


Let’s Talk About Food. What makes 
it different? It was prepared by one 
of America’s foremost authorities on 
food and nutrition, Dr. Philip L. White 
of the American Medical Association, 
with the assistance of Nancy Selvey, 
R.D., of the AMA Department of 
Foods and Nutrition. 


You'll find answers—dependable, au- 
thoritative answers—to hundreds of 
questions about foods and diets, from 
fasting to freezer-burn, botulism to 
barbequing. Send for your copy now. 





' Publishing Sciences Group, Inc. 
‘411 Massachusetts Avenue 
: Acton, Massachusetts 01720 


: Please send me a copy of Let's 
: Talk About Food. My check for 
- $7.45 (including postage) payable 
: to Publishing Sciences Group, Inc., 


>is enclosed. 
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Disabled Doctor- 
| Challenge to 

-| the Profession 


_ April 11-12 
San Franciseo/St. Francis Hotel 


or 


Participate in this national conference sponsored by 
the Department of Mental Health, American Medical 
Association. 


Our goals are to: 


e define medicine’s responsibility in helping the 
disabled physician and protecting the public 


è explore alternate ways of exercising that responsi- 


bility — through colleagues, hospital staffs, med- 
ical societies 


èe examine treatment and rehabilitation possibilities 
for the physician suffering from a mental dis- 
order, alcoholism, or drug dependence 


è provide legislative support for action by organized 
medicine 
è discuss the AMA Model Act on the Disabled Doctor 


Attendance qualifies for 10 hours of Category I credits 
toward the Physician’s Recognition Award. 





-—------------------- 


REGISTER NOW! 


Return to: Dept. of Mental Health, AMA, 


535 N. Dearborn St., Chicago, Ill. 60610 


YES...1 will attend the AMA’s Conference on the 


Disabled Doctor. Enclosed is my $50 regis- 


tration fee. (Make check, payable to the 


American Medical Associatien. 


Name 
Affiliation 
Address 


Ctyri es State 
MH-901-1510-5050 





Historical Note 








Samuel Prescott 


Physician-Patriot 
John B. Mulliken, MD 


It was not Longfellow’s legendary Paul Revere, but a young physi- 
cian who roused his countrymen from Lexington to Concord, 200 
years ago. 


t is time te underscore a small footnote in the his- 
tory of this country’s revolution. The image of Paul 
Revere has remained untarnished since 1860, when Long- 
fellow’s Wayside landlord told of the midnight ride.’ Yet 
the truth is that Revere was taken prisoner by the British 
outside Lexington, and it was a young physician, Samuel 
Prescott, who actually carried the alarm to Concord. 


CONCORD PREPARATIONS 


As an early spring of 1775 approached, the patriotic cit- 
izenry of Concord was well aware that Crown-Colony rela- 
tions were reaching a breaking point. By order of the 
First Provincial Congress, their little town had become a 
virtual arsenal; cannon, powder, musket balls, and the 
sundry provisions of war were deposited in private houses 
and barns. 

One of the many concerned citizens was the highly re- 
spected Dr. Abel Prescott. A third-generation physician, 
Abel Prescott trained two sons in the profession: Ben- 
jamin, then aged 30 and Samuel, aged 24.’ In those days, 
Harvard students, clergymen, and physicians were not ex- 
pected to serve in the militia. The Prescotts were busy 
enough with house calls. But it is not surprising that, with 
their full stable of four saddle horses (more than any other 
family in Coneord), Samuel and his other brother, Abel Jr., 
joined the provincial military effort as messengers.’ Soon 
they were to become embroiled in the historic events of 
April 19th, 1775. 

A week after the Second Provincial Congress convened 
in Concord on March 22nd, a report was circulated that 
British troops were coming to destroy the munitions. The 
attack never materialized; however, the false alarm in- 
cregsed the vigor of the exercises of the Minute companies 
and militia. Excitement became so great that Concord 
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men even carried their firearms to church and into the 
fields. On April 7th, Dr. Joseph Warren, leader of the 


Committee of Safety in Boston, sent his courier, Paul Re- © 
vere, to Concord with the warning that action was soon to — 


come.’ In the forenoon of April 18th, Colonel James Bar- 
rett instructed his militia company to hasten the transfer 


of munitions and provisions into the outlying country- 


side.° 

Despite the turmoil, as the eventide of the 18th ap- 
proached, young Samuel Prescott turned his bay mare 
onto the road to Lexington to visit his sweetheart. As he 
rode the eight miles eastward, the bouquet of early spring 
blossoms was in the air, and his way was brightened by a 
rising full moon.’ This same moon shone down on Gage’s 


grenadiers and light infantry as they prepared to embark 


from the Boston Common and cross Back Bay to Lech- 
mere’s Point. 

On entering the home of the 22-year-old Lydia Mulli- 
ken, Dr. Prescott was greeted by her older brother, Na- 
thaniel, a clockmaker and member of Captain John 
Parker’s militia company. Lydia and Nathaniel told Pres- 
cott of the day’s happenings—how Solomon Brown, while 
coming home from market, had seen nine fully armed 
British officers patrolling the road.* Prescott was told of 
the fear for the safety of John Hancock and Samuel 
Adams and that the next-door neighbor, Sergeant Wil- 
liam Monroe, was posted as a guard outside the Reverend 


Clarke’s house, where the patriots were spending the ~ 


night. 


Lexington Common and made straightway for the Clarke 
parsonage with news of the approaching British forces. 
One-half hour later, William Dawes arrived; he had also 


been sent by Dr. Joseph Warren, but had spread the alarm — x 


over the more circuitous Roxbury route. After some re- 
freshments, Revere and Dawes set off for Concord while 
the drumbeat summoned the Lexington militia to arms.’ 


PRESCOTT’S RIDE 


Meanwhile, Dr. Prescott bade goodnight to his beloved 
in the early hours of the chilly Wednesday morning, and 
spurred his horse homeward, straight into history. With 


his rested mount, Prescott overtook Revere and Dawesa 
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; å zi short way outside the limits of Lexington. The young phy- 


= sician made himself known as a “high Son of Liberty” and 
____was allowed to join the Boston couriers after pointing out 
__. that the country people “knew him and would give the 
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~ was surrounded by four ... and two of them were under a tree in 


+e more credit” to what he said.’ 
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Prescott and Dawes arrived at the Bull Tavern on the 
Bay Road and were happily surprised to find Nathaniel 
Baker courting a Concord lass named Elizabeth Taylor at 
such a late hour (they were married a year later). Baker 
quickly took to the road, carrying the summons to his Min- 
ute company in south Lincoln. 

Near the western bounds of Lincoln, about halfway 
from Lexington to Concord, Dawes and Prescott stopped 
to enter the dooryard of a darkened house. Revere, then 


some 200 yards ahead of his companions, saw two 


mounted British officers outlined by moonlight. This event 
was vividly recalled by Revere in a letter written years 
later: 

I called for the Doctor and Daws to come up;— in an Instant I 


F the pasture. The Doctor being foremost, he came up; and we tryed 
| Be: to git past them; but they being armed with pistols and swords, 
_ they forced us in to the pasture; —the Docter jumped his Horse 


ks 


K> 


over a low Stone wall... .° 


a Two British officers pursued Prescott, but to no avail, for 
= he was well-mounted and thoroughly familiar with the 


" K 


countryside of his childhood. Dawes, seeing Revere’s . 


“ane ‘plight, turned about and rode back toward Lexington. 


_ Paul Revere was held captive until dawn, when he was re- 
= leased in time to witness the embattled farmers’ stand on 


Lexington green." 
_ Thus, it was Dr. Samuel Prescott who carried the alarm 


_ through the Lincoln hills and on to Concord. After eluding 


his pursuers, he made his way through a field to the house 


| i of Samuel Hartwell. Mrs. Mary Hartwell then woke her 
= next-door neighbor, William Smith, the captain of the 
= Lincoln Minutemen. Captain Smith’s two companies were 
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i the first to arrive in Concord from a neighboring town.” 


we 


Prescott continued westward, through the meadows, 


= onto the Bay Road, and stopped at the house of Samuel 
_ Whitney (the muster-master) before heading into Con- 
= cord. He also alerted the town house guard, Amos Melvin, 
= who frantically pulled the alarm bell. As the Concord folk 


f 
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~ rallied, young Prescott was dispatched to take the call to 
Be 
an 


arms further, and tradition relates he rode on to Acton 


= . and Stow. Meanwhile, his older brother, Abel, was sent 
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south to Sudbury and Framingham." 
The whereabouts of Samuel Prescott at the moment 
when the British and Americans exchanged shots at 


i North Bridge is uncertain. Near midday, Abel, Jr., while 


returning home on horseback along Walden Street, was 


= shot in the side, but made his way to safety in a nearby 
house.” 
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The story of how the provincials harassed the British 
regulars during the withdrawal through Lexington is fa- 


E - miliar. On joining Earl Percy’s First Brigade in Lexing- 
~ ton, the British began to ravage and plunder. In fact, 


= Samuel Prescott would never again see his Lydia at home 


== because the British set fire to the Mulliken house, barn, 
~ and the family clock shop.” There is a story that one sol- 
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dier was found dead on the Boston Road with a Mulliken 


clockworks in his bag. 


CONCLUSION 


Dr. Abel Prescott lived a full life, giving up the spirit in 
1805, at the age of 87 years.” His eldest son, Benjamin, be- 
came a surgeon in the Continental Army, returned after 
the war to his Concord practice, and lived to an age of 85. 
The two younger Prescott sons were not to be blessed with 
such longevity. Abel, Jr. died of “dysentery” at 26, five 
months following his chest injury.’ 

Available records tell us very little of the romantic Sam- 
uel’s subsequent life. Some say he became a surgeon to the 
Concord contingent that served at Fort Ticonderoga in 
1776. Most historians relate that he was taken prisoner 
while serving on a privateer and probably died in the hold 
of a Halifax prison ship.*'"'’ As for Lydia, she continued 
to await her lover. When the flames of war were finally 
extinguished with the surrender of Cornwallis in 1781, 
Lydia’s flame for the young physician continued to burn. 
She waited eight years, then finally married another, and 
moved away. | 


EPILOGUE 


The legend of Dr. Samuel Prescott lives to this day. This 
April 19th morning, as on the last 15, a physician will re- 
enact Prescott’s ride into Concord town to the cheers of 
modern-day patriots. 
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Biliobiliary Fistula 
A Trap in the Surgery of Cholelithiasis 
Marvin B. Corlette, MD, Henri Bismuth, MD 


Of 24 cases of abnormal communication between gallbladder and 
main bile duct occurring in a service specializing in hepatobiliary sur- 
gery, jaundice was present in all, but variable in degree and persist- 
ence. No particular clinical picture suggested this complication of 
cholelithiasis, and preoperative diagnosis is rare. At operation, adhe- 
sions were strikingly dense, often first suggesting a diagnosis of 
cancer. The gallbladder, fused to the main bile duct, should not be 
dissected from it because of the risk of ductal injury. Under these 
conditions, the gallbladder should be opened peripherally, stones ex- 
tracted, and a cholangiogram performed to assess the situation. 
Treatment consists of partial cholecystectomy and closure of a cuff 
of gallbladder wall over a T tube placed into the main bile duct 
through the fistula. 
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Cy of the more difficult problems in the surgery 
of cholelithiasis is posed by the existence of a — 
biliobiliary fistula. This lesion, one of the rarer types of in- 
ternal biliary fistula, is defined as an abnormal communi- 
cation between the accessory biliary tract (gallbladder or 
cystic duct) and the main bile duct. This definition does _ 
not include situations in which an identifiable cystic duct — 
is merely enlarged by the passage of a stone, or when the 
cystic duct participates in a general distention of the com- _ 
mon duct. 

The surgeon faces two major problems when dealing 
with this abnormality. The first is diagnosis, since dis- 
section about an unrecognized fistula can lead toa major _ 
loss of substance, or even transection of the hepatic duct, 
as reported by Patt and Koontz.' The second problem is 
how best to treat the fistula itself. 

This article relates an experience with 24 cases of calcu- 
lous biliobiliary fistula, examining, first, the clinical fac- 
tors to see if a typical syndrome exists permitting preop- _ 3 
erative diagnosis. The characteristic anatomy at operation 
is then described and results of treatment presented, with _ 
a discussion of the mechanisms of fistula formation. 


PATIENTS 


Twenty-four patients with biliobiliary fistula were operated on — 
over a 15-year period in a service specializing in hepatobiliary sur- 
gery (formerly under J. Hepp, MD, at Hôpital Bichat, Paris). All 
patients had gallstones. Five were men and 19 women, corre- 
sponding to the usual distribution seen in cholelithiasis. The aver- 
age age was 60.2 years. The Table presents the major findings and 
treatment in these patients. 

Jaundice was the most common symptom, usually sudden in on- 
set and associated with pain. It was as often variable as per- 
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A Clinical and Operative Characteristics of 24 Patients With Biliobiliary F 
> [Patient No.7 3 









































a Age, yr/Sex Initial Symptom Findings Type Findings _ Type and Location of Stoni 
a 1/65/F Pain, jaundice 6 mo; Tender right upper 1 Cholecystoduodenal 3-cm stone at convergence 
F weight loss quadrant fistula R and L hepatic ducts 
2/54/M Pain; recurrent None 1 3 large common duct ston 
\ jaundice stone occluding cystic d 
t À 3/67/F Recurrent cholangitis; Tender right upper 1 Cholecystoduodenal 3 common duct stones: 2 ı 
a j weight loss quadrant fistula 1 cm, 1 cm 
| 4/68/M Jaundice 1 mo; weight Enlarged liver 1 3-cm stone astride fistula; 
re loss fragment of stone in lov 
IN common duct 
; 5/72/F Jaundice 6 mo; weight None 1 Cholecystoduodenal Large stone locked in 
E- loss fistula gallbladder neck; severe 
AR smaller gallbladder stor 
ti 6/67/F Fever and jaundice; None 1 4-cm stone astride fistula; 
ĪA weight loss several smaller gallblad: 
= stones 
S 7/56/F Variable jaundice, None 1 Huge stone astride fistula; 
d fevers 15 mo common duct packed wi 
ae small stones 
N 8/44/F Variable jaundice Mild tenderness 1 Cholecystoduodenal Single common duct stone 
MES G 6 mo fistula 1 cm; gallbladder empty 
i: E 9/48/F Biliary colic 4 yr; Tender right upper 1 Single large common duct 
€ | acute cholangitis quadrant stone 
F 10/36/F Attacks of pain and jaundice None 1 Large stone wedged in 
over several months fistula; 2 small common 
i duct stones; small 
a gallbladder stones 
a. 11/41/F Variable jaundice, Enlarged liver 2 Compression 2 common duct stones: 2.! 
E vague pain 8 mo hepatic duct 1.5 cm 
y R - 12/69/F Intermittent right Tender right upper 1 Multiple gallbladder stones 
la upper quadrant pain quadrant 
X for 1 yr; acute cholangitis 
"ai 13/49/F Recent pain, jaundice None 2 Cholecystoduodenal Mud-like mold of gallbladd 
a fistula stones 
A 14/73/F Recent variable jaundice None 2 1 large gallbladder stone 
BE. wedged in neck; 1-cm 
aa common duct stone 
a. 15/65/M Right upper quadrant None 2 Large stone at convergence 
“Wall pains several years; of R & L hepatic ducts; 
x. jaundice gallbladder empty; othe: 
‘Sg common duct stones 
a 16/72/M Cholangitis Tender right upper 2 Acute gallbladder Small common duct stone 
“a quadrant necrosis 
mF: 17/55/F 3 attacks of pain and Tender right upper 2 Several gallbladder stones 
. fever over 2 yr quadrant 
18/63/M Years of recurrent None 1 Large stone immobilized in 
pain, then jaundice fistula; other gallbladder 
stones 
hie 19/65/F Pain; jaundice; Tender right upper 1 Cholecystoduodenal Large stone blocked in 
i weight loss quadrant fistula fistula 
we m 20/78/F Pain; jaundice Tender right upper 1 Large stone astride fistula 
ii quadrant 
j as 7 21/54/F Occasional pains None 1 Large common duct stone 
PAR for 1 yr; jaundice 
ae 22/55/F Painless jaundice None 1 Large stone half in commo 
a i . duct, half in gallbladder 
j 23/69/F Fluctuating jaundice None 1 Large stone wedged in 
Ess for 3 weeks gallbladder neck 
E: = 24/75/F Vague pains 1 yr; None 1 Fused small stones formin; 
Bo. fluctuating mild single stone astride fistt 
E painless jaundice 2 hepatic duct stones 
s AS ~ 
AMR e 


= sistent. In four patients there were no symptoms other than liver or deep tenderness were occasionally present. 
ae persistent jaundice; three of these had known long-standing min- Laboratory evaluation showed wide variation in liver function 
= imally symptomatic cholelithiasis. The duration of biliary symp- test results, the bilirubin value ranging from 2.5 mg/100 ml to 14.8 

y i toms ranged from 15 days to 20 years. Marked weight loss oc- mg/100 ml, and the alkaline phosphatase value from 35 to 600 in- 
-~ curred in six patients. ternational units (IU). In one patient the fistula was suggested by 
Physical findings, other than jaundice, were scant. An enlarged an intravenous cholangiogram (Fig 1), but this study and other 
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_ Operation Outcome 
T-tube Recovery 
T-tube Recovery 
T-tube Gastrointestinal tract bleeding; 
recovery 
T-tube Bile fistula; recovery 
T-tube Wound abscess; recovery 
Hepaticojejunostomy Recovery 
Hepaticojejunostomy Recovery 
T-tube Wound abscess; recovery 
T-tube Recovery 
T-tube Recovery 
Hepaticojejunostomy Recovery 
T-tube Recovery 
T-tube Recovery 
T-tube Recovery 
T-tube Recovery 























vy T-tube Recovery 
~ T-tube Recovery 
T-tube Recovery 
T-tube Recovery 
T-tube Recovery 
T-tube Recovery 
T-tube Recovery 
i | T-tube Recovery; 4 mo later 
| hilar carcinoma 
T-tube Recovery 


e a 
usual roentgenographic investigations normally do not contribute 
to the diagnosis. The fistula was demonstrated in one patient by a 
retrograde cholangiogram. 
+ Æt operation, a constant and important finding was the pres- 
ence of marked adhesions in the right upper quadrant fusing the 
adjacent organs into a chronic inflammatory mass. Difficulty in re- 
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Fig 1.—Intravenous cholangiogram showing cholecystohepatic — 
duct fistula (case 24). Fistula measured 2.5 cm at operation. Simple 
compression cannot be ruled out by this study. 


Fig 2.—The two types of biliobiliary fistula. Left, Type 1, cho- 
lecystohepatic duct. Right, Type 2, pseudofistula, through trajectory — 
of a nonidentifiable cystic duct. A: 
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Fig 3.—Top, Intraoperative cholangiogram showing type 1 
biliobiliary fistula. Bottom, Operative cholangiogram showing type 2 
fistula. Note simultaneous inflammatory compression of hepatic 
duct. 





Sear er E 


Se: ak A 


NARROWED HEPATIC 
DUCT 


FISTULA 


FOLEY Bod 
BALLOON : E 
COMMON DUCT’ 

STONES 





380 Arch Surg/Vol 110, April 1975 Biliobiliary Fistula/Corlette & Bismuth 
. hd 





Fig 4.—Top, Retrograde cholangiogram showing type 2 fistula 
(case 1) with large stone astride hepatic duct and major conver- 
gence. Bottom, Cholangiogram one month postoperatively (case 1) 
showing appearance after primary duct closure. 
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Fig 5.—Postoperative cholangiographic appearance of duct 
after closure over T tube through type 2 fistula (case 18). Note 
occluded cystic duct remnant. 
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: a gional dissection vatied. In three cases the sclerosis was such that 
before the fistula was recognized, cancer was suspected, and mul- 
| E. E tiple biopsy specimens for frozen section were taken. One of these 
E three patients (case 23) actually did develop carcinoma, diagnosed 
q at reexploration four months later. A cholecystoduodenal fistula 
“7 cuexisted in six cases. The gallbladder was shrunken and thickly 
_ scarred in all but two patients, in whom it was necrotic and re- 
moved in fragments. In no case was there a distinguishable line of 
= demarcation between gallbladder and main bile duct, and the lat- 
; t _ter could not be readily dissected from the gallbladder. 
K Figure 2 indicates the two locations in which an abnormal com- 
= munication between gallbladder and main bile duct occurred. In 
_ 18 cases the opening was between the Hartmann pouch or the am- 
~ pulla of the gallbladder and the hepatic duct (type 1). In six cases 
Be the gallbladder neck was continuous with the main bile duct, and a 
= large direct communication existed between the gallbladder and 
__ the common duct in the trajectory of the cystic duct (type 2). This 
_ type may be, in fact, a pseudofistula, where a large stone has 
= eroded its way through the cystic duct. Lesser degrees of the same 
= process are seen when stones pass through the cystic duct, causing 
_ inflammation and thickening. However, when the gallbladder be- 
comes so fused to the main bile duct that no cystic duct can be iso- 
~ lated, the surgical difficulty confronting the surgeon is the same 
= and justifies the inclusion of this situation as a fistula. Figure 3 
_ shows operative cholangiograms demonstrating these two types. 
__ The size of the orifice varied from 0.5 cm to 4.0 cm. 
~ The type and location of stones found were variable, but certain 
_ findings bear emphasis. A stone larger than 1.5 cm in diameter 
a was present in 21 cases. In 11 cases a huge stone was astride the 
- fistula, partly within the gallbladder and projecting into and ob- 
-structing the main bile duct. In four of these 11 cases, the main 
E bile duct or hepatic ducts contained additional stones. In six pa- 
tients the gallbladder had emptied all of its stones into the main 
_ bile duct. 
Treatment consisted of removal of stones and partial cholecys- 
H, - tectomy down to the fistulized zone, leaving a remnant of gallblad- 
= der tissue about the abnormal communication. The main bile duct 
= could easily be explored through the opening. A T tube was in- 
: - serted through the fistula and the duct closed about it in 21 pa- 
tients. Figures 4 and 5 depict the postoperative cholangiographic 
_ appearance after duct closure. In three cases an hepaticojejunos- 
_ tomy was performed, once because the tissue loss was too great to 
close the duct primarily (ie, greater than two thirds of the circum- 
ference), and twice because the ampulla of Vater was stenotic. 


COMPLICATIONS AND RESULTS 


_ There were no deaths. Postoperative complications in- 
_ cluded two septic wounds, one partial transitory bile fis- 
= tula, and one self-limited episode of gastrointestinal tract 
bleeding. The postoperative course was otherwise benign. 
_ The T tubes were removed at two to three months, de- 
_ pending on the quality of the ductal closure. One patient 
became jaundiced four months following closure of the fis- 
_ tula, and at reexploration had developed a carcinoma ob- 
-structing the hepatic duct. In continuing follow-up, we 
_ have observed no other biliary complications. 
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a COMMENT 


= Biliobiliary fistula is a complication unique to choleli- 
i thiasis. An anomaly, the so-called congenital absence of 
-cystic duct may be another form of fistula, but it is inter- 
esting that many of the patients reported to have this 
condition harbored gallstones, as noted by Bismuth and 
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Mutricy.’ Tumors in this area tend to invade and obstruct 
rather than fistulize. Although not a frequent complica- 
tion of cholelithiasis, a gallbladder-to-bile-duct fistula.is 
likely to be encountered in the lifetime of most general 
surgeons. Mallet-Guy et al’ noted an incidence of 1.1% in 
3,650 biliary operations, and our 24 cases occurred among 
3,300 biliary tract procedures. Kourias and Tsoufis‘ note 
that biliobiliary fistulas constitute 16% of all internal bili- 
ary fistulas. 

The formation of this fistula is similar to that of bi- 
lioenteric fistulas, and probably depends both on the in- 
flammatory cholecystitis and the presence in most cases of 
a large stone as a foreign body. It does not seem necessary 
to invoke anatomical abnormalities, as proposed by Mi- 
rizzi.’ With repeated inflammation, the neck of the gall- 
bladder becomes fused with the main bile duct, and the 
gallbladder is tightly retracted about the stone or stones. 
The common wall is thinned by septic necrosis until an ab- 
scess perforates the remaining tissue, draining itself into 
the main bile duct. The stone or stones in the gallbladder 
then follow, perhaps pushed by retractile scarring, enlarg- 
ing the communication. Small stones as well as large can 
act as the leading point of perforation. Although the most 
demonstrative situation is that in which a large stone is 
partially delivered into the main bile duct, lying astride 
the fistula and obstructing the main duct, smaller stones 
may precede the passage of the large stone and be dis- 
covered in the main duct (Fig 3, top). The stone or stones 
may be delivered entirely into the main duct, (Fig 3, bot- 
tom). 

The clinical picture does not aid in the specific diagnosis 
of biliobiliary fistula. This phenomenon, as with carci- 
noma, represents a complication of longstanding: choleli- 
thiasis in the majority of cases, and the abrupt and other- 
wise asymptomatic occurrence of jaundice in a patient 
known to harbor gallstones, evocative of carcinoma of the 
gallbladder, should also suggest a diagnosis of biliobiliary 
fistula. The one preoperative study that has demonstrated 
the abnormality is retrograde transpapillary biliography 
(Fig 4, top). 

The danger of this complication of cholelithiasis lies in 
not recognizing the existence of the fistula, which depends 
on lack of familiarity and failure to consider the pos- 
sibility. At operation, palpation of the subhepatic re- 
gion may give the impression of carcinoma. A large stone, 
immobilized in the retracted gallbladder neck and felt 
through scar tissue can mimic tumor quite convincingly. 
Whenever there is major difficulty in dissecting the gall- 
bladder neck from the main bile duct, the diagnosis of 
biliobiliary fistula should be suspected. Continued dis- 
section at the level of the cystic duct and Calot triangle 
leads to opening of the fistulized portion of the main bile 
duct, resulting in insufficient ductal tissue for satisfactory 
closure of the duct, as pointed out by Sufton and Sacha- 
tello and Mallet-Guy and associates.’ When the local con- 
ditions are thus modified, it is preferable to open the gall- 
bladder at the fundus or peripherally along its inferior 
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surface and extract its contents as initially recommended ` 


by Hepp et al.’ This may be difficult, requiring fragmenta- 
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striction of the gallbladder. One is usually met by a rush 


of clear bile. A Foley catheter is conveniently employed in | 
-= the ‘remaining gallbladder to obtain a cholangiogram, 
which has three functions: (1) to make the diagnosis of the 


abnormal communication and determine its location; (2) to 
detect the presence or absence of stones in the main bile 
- duct or intrahepatic ducts; and (3) to confirm the integrity 
of the remaining biliary tree, notably the sphincter of 
Oddi. After any stones are removed from the main bile 
duct, a partial cholecystectomy is performed, leaving a col- 
lar of gallbladder tissue about the fistula. The tissue 


= is closed with fine catgut sutures over a T tube placed 


through the fistula. Early in our experience one hepatico- 
jejunostomy was performed for what appeared to be ex- 
tensive tissue loss. In the light of subsequent experience, 
we now doubt that this is ever necessary. The results of 
closure over a T tube have been highly satisfactory, with 
only one minor biliary fistula and no known late bile duct 
strictures. The single late biliary complication was the 
case of neoplastic obstruction. 


CONCLUSIONS 


Biliobiliary fistula is an uncommon complication of cho- 
lelithiasis, but because there is not a typical clinical pic- 
ture this lesion may be encountered unsuspectingly. When 
the subhepatic region is fused by unusually dense adhe- 
sions, a biliobiliary fistula should be considered. No at- 
tempt should be made to dissect the main bile duct from 
the gallbladder because the danger of injury to the duct is 
great. By opening the gallbladder peripherally and ob- 
taining a cholangiogram, such an abnormal communica- 
tion can be diagnosed. It is best treated by leaving a small 
collar of gallbladder tissue about the fistula and using this 
tissue to close the main duct over a T tube. A compromised 
lumen or major repair of an injured duct is thus avoided, 
and results are quite satisfactory. 
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Editorial Comment 


The authors have called attention to a very serious technical __ 


problem in the performance of cholecystectomy. One might quib- 
ble with their definition since the type 2 cases are probably not 
true fistulas but represent dilation of the normal cystic duct. How- 
ever, the message is extremely important, namely that, unless the 
possibilities of a fistula or dilated cystic duct are entertained, seri- 
ous damage of the common duct may result. The technical mea- 





sures that they have suggested are certainly to be commended. It 


is far better to leave a section of the gallbladder than to injure the 


common duct. On the other hand, one might wonder about the 
truly late follow-up studies on such patients. For example, a large _ 


series of cases with which I was familiar many years ago was es- 


tablished by a surgeon who routinely left the lower end of the gall- _ 
bladder in order to be sure that he had not injured any ductal — 
structures; a few years after this nearly every patient returned 


with further symptoms and stones. The follow-up period in this 
article is not stated but would be of great interest. It would seem 
logical to believe that if a large opening is left into the common 
duct, even though there is some gallbladder mucosa present, that 


dangers of recurrent stones would be minimized. However, docu- _ 


mentation of this point would be more important than theoretical 
considerations. 


CLAUDE E. WetcH, MD 


Boston 








= Fifteen patients with radiation-induced brachial plexus paralysis 
were studied. Thirteen women had been treated for breast cancer. 
_ Two men developed symptoms and signs following radiation therapy 
l i for lung cancer. The brachial plexus paralysis initially was not static 
3 7 and progressed, but spontaneous arrest with permanent residual pa- 
= ralysis was seen in three patients. Three were noted to have intrac- 
F table pain, but the major complaint of the remaining 12 was the ina- 
__ bility to use their hand. The ten patients on whom an earlier 
= operation directed at the brachial plexus had beer performed were 
ples, not relieved. Two of these were later considered excellent candidates 
= for a tendon transfer in the hand. One did not desire surgery. The 
_ other underwent operation and showed marked improvement of her 
_ grasp and general hand function. 


i F 

















Yollowing radiation therapy for tumors near the brach- 
ial plexus, nerve tissue ischemia and subsequent pa- 
A ralysis may occur (Figure). If cure or palliation of neo- 
pasts 3 is to be accomplished, high doses of radiation are 
_ necessary despite the associated hazard. It is well estab- 
-lished that radiation therapy may contribute to longer 
survival in selected patients.'* Therefore, the current 
"methods of treatment must be continued.’ 
_ The usual reported problems following radiation consist 
of skin changes, arm edema, shoulder stiffness, pneu- 
4 monitis, and mediastinitis.*‘"**-°”’ Radiation-induced pe- 
ripheral neuropathy i is not mentioned as a usual complica- 
tion but may, in fact, be more common than is currently 
realized. In European reports, the incidence varies from 
15% to 73%." Thomas and Colby’s report, however, in 
1972, of more than a thousand cases, disclosed an incidence 
of only 1%.* Early neuropathies, consisting only of pares- 
_ thesias, may certainly go unnoticed because of the concern 
a over the gravity of the patient’s primary disease. 
__ Two facts may increase the chance of brachial plexus in- 
a jury during therapy: (1) When radiating the anterior su- 
-~ praclavicular axillary field, the beam must be tilted 15° 
_ laterally to avoid injury to the trachea and esophagus, 
; ica increasing the dosage directed to the region about 
_ the brachial plexus.‘'’***’ (2) In the past, skin tolerance 
_ limited the dosage during kilovoltage x-ray therapy. The 
_ peak dosage of the megavoltage x-ray machine, however, 
is beneath the skin and, thus, the risk of nerve damage 
may be increased. 


= Accepted for publication Oct 24, 1974. 

From the Community Hospital, Glen Cove, NY, and St. Luke’s Hospital 
_ Center, New York. 
-Reprint requests to 10 Medical Plaza, Glen Cove, NY 11542 (Dr. Match). 
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Radiation may affect the tissues surrounding nerves, 
causing edema and fibrous tissue constriction of the 
brachial plexus. Extensive loss of myelin with disap- 
pearance of axis cylinders occurs. The neurolemma sheath 
itself shows varying degrees of fibrous thickening. Hyalin- 
ization and obliteration of blood vessels results in further 
ischemia of the nerve tissues.’ 

No specific clinical criteria are available to distinguish 
metastatic disease of the brachial plexus and radiation-in- 


duced brachial plexus changes other than by observing the | 


patient over a period of time or by recovering cancer tis- 
sue from the nerve plexus itself. Pain may occur in both 
conditions, but more commonly it is associated with meta- 
static disease.’ 

In making a diagnosis of this condition, a thorough neu- 
rologic examination, including nerve conduction velocity 
studies, is of value in localizing the site of the lesion and 
eliminating other areas of nerve entrapment. Muscle test- 
ing and electromyographic studies, when performed at 
regular intervals, may determine when a lesion is fixed or 
if it is a relentless progressing paralysis. Neuromuscular 
testing may, however, be unreliable because of the exten- 
sive lymphedema that influences the conduction elements. 
The presence of radiation fibrosis if the lung and radiation 
pneumonitis resembles metastatic disease and adds fur- 
ther confusion concerning the patient’s prognosis. 

The treatment of this condition, as advocated by Bate- 
man’ and Mumenthaler” in the 1960s and Thomas and 
Colby in 1972,‘ consists of exploration and neurolysis of 
the brachial plexus in the hope of preventing some of the 
strangulating effects of fibrous tissue constriction. 

It is the purpose of this article to call attention to the 
insidious paralysis seen after brachial plexus radiation 
and to review the current concepts of management as ap- 
plied to a small series of patients. 


METHODS AND SUBJECTS 


Brachial plexus paralysis induced by radiation was studied in 15 
patients. They were assembled from my private referral, which 
included eight different therapy centers. The number of patients 
is statistically small when one considers that more than 2,000 ther- 
apeutic treatments for malignant neoplasms near the brachi&l 
plexus were given at these centers during a five-year period. I was 
able to review the preoperative records, the primary physicians’ 
impressions, and the preoperative and postoperative symptoms 
and signs in the 12 of these 15 patients where therapeutic surgical 


procedures were specifically performed for brachial plexus neu- 
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ropathy. The surgical procedures consisted of Seven neurolyses, 
three brachial plexus explorations with muscle releases, and two 
carpal tunnel releases. 

Three patients were studied with frequent neurologic eval- 
uation, muscle testing, and electromyographic studies to deter- 
mine if their paralysis was permanent and fixed or if ittiaawe=° 
gressing. The remaining 12 patients, because of their extreme 
paralysis, were not subjected to further neuromuscular testings. 
They did not have adequately functioning muscles in their upper 
extremity and could not be considered as candidates for a tendon 
transfer procedure. 






















RESULTS 


All 15 patients showed peripheral neurologic symptoms 
and signs at least one to three years after their radiation 
therapy. Precise information regarding the radiation dos- 
age was not always available. The reports varied from 
4,000 to 5,000 rads. 

In every case studied, the patient appeared to have pro- 
tective sensation without trophic skin ulcers, an important 





Left hand paralysis in 46-year-old woman noted 1% years after ra- tion two years after opponensplasty with extensor carpi ulnaris 


diation therapy for carcinoma of breast. She was unable to oppose transferred to rerouted distal end of extensor pollicis brevis. Patient 
thumb, pinch, or grasp objects preoperatively (above). Hand func- is able to oppose thumb, pinch, and grasp objects (below). 
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considering a tendon transfer proce- 


dure. 
Evaluation of these 12 therapeutic procedures failed to 
-= reveal improvement of the patients’ pain or motor paraly- 
_ _ sis. The patients were evaluated between three weeks and 
pe after their operations. Two patients demon- 
_ strated delayed wound healing of the radiated tissues 
with substantial infection over the nerve plexus. One de- 
__ veloped tissue necrosis with erosion of the axillary artery 
_ resulting in massive hemorrhage, amputation of the ex- 
 tremity, and death. 3 
= This small series suggested that surgery in the area of 
= the radiated tissues should be avoided and a different ap- 
= proach to improve hand function undertaken. In one of 
the patients I did perform a tendon transfer in the hand 
_ to improve function, thus avoiding surgery in the region 
of radiation. A description of the case follows. 


a 
sey 








REPORT OF A CASE 


aN 46-year-old woman was examined on June 23, 1971, with 
= weakness in her hand and inability to pinch or grasp objects since 


S 


= March 1971 (Figure). A left radical mastectomy had been per- 
= formed in June 1969 with complete axillary dissection for an infil- 
~ trating ductal carcinoma. The axillary lymph nodes showed no evi- 
_ dence of neoplasm. Between July 22 and Aug 27, 1969, using a 
a cobalt 60 therapy apparatus, the patient received a total of 4,000 
_ rads to the left supraclavicular area. The left axillary and lower 
cervical chains were also radiated. The left anterior chest wall and 
oe ternal mammary chain were radiated. 

_ The patient developed postradiation pneumonitis and pleuritis 
_ resembling metastatic disease. Her condition improved; however, 
it left residual changes in the left lung. In May 1971, biopsy speci- 
~ mens of the scalene nodes, rib, and pleura failed to reveal evidence 
of neoplasm. 

_ The patient continued to complain of inability to hold, pinch, or 
grasp objects. Electromyographic studies were performed at 
three-month intervals over a one-year period without evidence of 
change. Precise muscle testing was performed at monthly inter- 
vals for one year. The paralysis remained static with a good flexor 
aga carpi ulnaris muscle. She was unable to abduct or oppose her 
thumb (Figure). On Oct 6, 1972, an opponensplasty tendon trans- 
3 fer, utilizing the extensor carpi ulnaris anastomosed to the distal 
~ end of the rerouted extensor pollicis brevis, was performed. The 
-~ transfer was protected in plaster splints for four weeks. Six weeks 
_ after surgery the patient was able to abduct and oppose her 
_ thumb. She was then able to hold, pinch, and grasp objects, which 
.- Wwe şs impossible prior to surgery. This correction has been main- 
tained over a two-year period (Figure). 

__Insummary, this patient illustrates a specific instance in which 
_ a tendon transfer was performed to improve thumb function. The 
_ patient was unable to grasp or hold objects. She was observed over 
= a one-year period, preoperatively, with muscle testing and elec- 
= tromyographic studies that determined that the paralysis had re- 
_ mained unchanged without progression. She was told of the un- 
_ predictable nature of radiation effects on her brachial plexus and 
_ the possibility of progressive paralysis, even though the condition 
had remained static for over a year. The hand was improved by 
7 operation and has remained so for two years. 


COMMENT 
_ Radiation injury to the brachial plexus may occur as a 
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tion of the radiated tissues over the brachial plexus in this 
small series resulted in serious complications and failure 
to achieve improvement of the patients’ pain or paralysjs. 
It is my opinion that surgery at the region of the radiated 
brachial plexus should be avoided. When the paralysis is 
fixed and nonprogressive, functional improvement may be 
achieved with a tendon transfer in the hand, thus avoid- 
ing the tissues affected by radiation. A preoperative ob- 
servation period with accurate muscle testing at monthly 
intervals is necessary to determine the static condition of 
the paralysis. It is also reasonable to consider a tendon 
transfer for a patient afflicted with a useless limb follow- 
ing radiation fibrosis of the brachial plexus who has a 
slowly progressive metastatic disease. 


Charles Heilbrunn, MD, Department of Medicine, Community Hospital, 
Glen Cove, NY; assisted in the preparation of this article. 
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Editorial Comment 


There are a few things to be learned from this series of pa- 
tients: (1) Radiation treatment can cause brachial plexus paralysis 
if directed to the supraclavicular and axillary nodes. (2) Patients 
complain mostly of loss of hand function rather than pain. (3) Sur- 
gery directly on the brachial plexus to free nerves and muscle scar 
tissue is rarely beneficial. (4) Since protective sensation remains in 
the hand, and since patients survive long enough to be rehabili- 
tated, tendon transfers for the wrist and fingers accomplish the 
most in the shortest time with the least risk. 

Although only two of the 15 patients reported here were suit- 
able for tendon transfers, the success that followed the procedure 
in the one patient submitting to operation, added to the lack of 
success in the management of the others, is a streng argument în 
favor of reconstructive surgery in certain patients struggling 
with a disability more from their treatment than from their dis- 
ease. 

RoserT M. Gotpwyn, MD ` 
Brookline, Mass 
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Staged Orchiorrhaphy 


Therapeutic Procedure in Cryptorchic Testicle 


With a Short Spermatic Cord 


Michael Zer, MD; Yaacov Wolloch, MD; Moshe Dintsman, MD 


In 62 planned staged orchiorrhaphies for a ‘‘short’’ spermatic 
cord, satisfactory location of the testicle following the second oper- 
ation was achieved in 90% of cases. The testicle was atrophic and 
had to be excised in only 3.2%. 

After a follow-up period of two to ten years, the testicle remained 
satisfactorily located in 77% of cases; adequate size and configura- 
tion of the testicle (compared to the contralateral side) was found in 
64.5%. In 17%, a partial or complete atrophy developed. 

No correlation was found between the initial size of the testicle 
and the late results. It is advocated, therefore, that excision be 
avoided unless definite atrophy exists. 

Planned staged orchiorrhaphy is recommended for testicles in 
high locations that are difficult to bring down. The late preschool pe- 
riod (5 to 6 years) is suggested as the optimal age for the first at- 
tempt at orchiorrhaphy and the second stage two years later, if 
required. 


chiorrhaphy is generally considered an easy opera- 

tion, with good results in 85% of cases.' Not uncom- 
monly, however, patients are encountered whose testicle is 
initially hypoplastic or aplastic; in others the testicle can- 
not be satisfactorily placed in the scrotum without endan- 
gering its blood supply. This difficulty usually occurs with 
highly located, intra-abdominal testicles,? which consti- 
tute 6% of the cases* but may occur with any ectopic tes- 
ticle. 

The usual procedure with such problems is a staged op- 
eration, which, however, may be technically difficult. Many 
different operative methods and technical suggestions 
have been proposed to overcome this difficulty.’ The bold- 
est is put forward by Brendler and Wulfsohn’ and by 
Fowler and Stephens,’ who advocate division of the 

‘spermatic artery, which is usually the limiting factor, and 
reliance in such cases on the collateral circulation to the 
testicle. This approach has also been adopted by Fonkals- 
rud,’ who was dissatisfied with the two-stage procedure. 
This subject, however, is controversial. It has been proved 
that no testicular atrophy follows selective division of the 
spermatic artery but, to the best of our knowledge, no 
series with a long-term follow-up and proof of good func- 
¿tional results has yet been published. At the present time, 
we, as well as others,®™ still prefer the staged procedure 
in those patients with a “short” spermatic cord. 
_ To evaluate the results of this method it was decided to 
review the patients operated on in our department using 
theeplanned two-Stage procedure. 


Accepted for publication Oct 26, 1974. 
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SUBJECTS AND METHOD 


The policy of our department is to perform the orchiorrhaphy in 
the late preschool period, between the age of 5 and 6 years. This 
policy, however, cannot always be strictly followed since many 


children are referred to our clinic at a later age and others, having 
associated symptomatic hernias, are operated on earlier, even in _ 


infancy. 

The technique usually used closely resembles that advocated by 
Gross and Replogle.' After mobilizing the testicle, the hernial sac — 
(if present) is isolated and ligated high up; the cremaster is di- 
vided and the spermatic vessels and the vas deferens are gently 
released in the retroperitoneal region to obtain greater length of 
the spermatic cord. The testicle is then brought down into the 
scrotum and a transscrotal nylon suture is inserted for fixation 
and gentle traction. This suture is attached to the thigh by means 
of an elastic rubber band and is left there for five to eight days. In 


children operated on at a very early age (under 4), no traction is 


used, only local fixation to the scrotum. In patients with “long” 
spermatic cords, traction is also avoided and fixation of the tes- 
ticle is effected by means of a nylon suture tied over a cottony 
pledget. 

An average of 100 operations per year for cryptorchism are per- 
formed in our hospital (ie, 1,100 between 1962 and 1972). In the 
same period, 62 recurrent operations were performed on 58 pa- 
tients as part of a planned, staged procedure for “short” spermat- 
ic cords. These 58 cases have been reviewed and the immediate 


operative as well as the late follow-up results analyzed. Special at- 
tention was paid to the estimation and comparison of the size and 


position of the testicles at the first and second operations. An at- 
tempt was made to correlate this data with the late results. The 
intervals between the first and second operations were at least one 
year and usually more than two. 


RESULTS 
Incidence 


The incidence of recurrent operations for eryptorchism 
at our hospital appears to be 5.6%. The right side was af- 
fected more often than the left (Table 1). Twenty-one of 
the 58 patients had bilateral eryptorchism but only four of 
them needed second operations on both sides. This ac- 
counts for the 62 two-stage procedures on 58 children. 


Age 


The ages of the children at the first and second oper- 
ation are shown in Table 2. The incidence of recurrence, 
because of an unsuccessful first attempt at bringing the 
testicle down, was not found to correlate with the age at 
which operation was performed. In fact, the greatest inci- 
dence of recurrence in our series was found in the children 
operated on initially between 7 and 9 years of age (Table 
2). 


Size and Position of the Testicle 


The size was recorded at every operation, using a special 
measuring device (Figure). It should be stressed, however, 
that the measurement at the second operation could not | 
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Special measuring device for estimation of size of testicles at op- 
eration. 


be as accurate as that of the first because of the presence 
of some fat and loose connective tissue frequently closely 
adherent to the testis. Comparison between the sizes of 


= the testicles at the first and second operation indicates 


that the majority of the testes, which had been left in the 
inguinal region after the first operation, were capable of 


= continuing anatomical development. This occurred in 44 


(70.9%) of the 62 patients whose testicle was measured 


_ twice. In 11 patients (17.7%), the testicle neither developed 
= nor regressed in size; in five patients (8.2%), an anatomical 
= regression appeared; whereas in two (3.2%), a complete 


atrophy was found. 
The initial position of the testicle was “inguinal” in 70% 


= of the patients, ie, where the testis was found to lie within 
_ the inguinal canal or in the subcutaneous inguinal region. 
= No clear correlation between the initial position and the 


operative outcome could be shown. The frequent associa- 


_ tion of an intra-abdominal testis with a “very short” 
- spermatic cord was, however, clearly demonstrated. 


The Length of the Spermatic Cord 


The length of the spermatic cord was only estimated 


_ relative to the normal anatomy of the children (Table 3). 
_ In those patients in whom satisfactory location of the tes- 
ticles could not be achieved at the first operation, planned 
_ staged orchiorrhaphy was performed. These testicles, 
k therefore, were isolated in a similar manner to that de- 


scribed above and were placed subcutaneously in the in- 
guinal or prepubic region with or without mild traction 


'; (Table 3). No clear correlation could be demonstrated be- 


tween the size of the testicles and the length of the 
spermatic cord. Inferior epigastric vessels were divided in 
only a small number of cases. Therefore, no conclusions 
can be drawn from this procedure. 


Fixation and Traction Time 


Traction was not routinely used at the initial attempt of 
orchiorrhaphy, and the decision was left to the surgeon 


= whether to apply it or not. Traction was applied in 29 
= cases and was maintained for eight days or longer in 20 


cases, for six days in six cases, and for four days in three 
cases. (In these three patients, the fixation of the testicle 
over a cottony pledget was left for a further week.) 

In the second stage of the procedure, traction was ap- 
plied in almost every case and maintained for seven to ten 
days (in 51 cases). In six cases, traction was maintained 
for five to six days, and in only five was fixation over a cot- 
tony pledget alone considered sufficient. | 
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Early Results of the Second Operation 


At the second operation, a satisfactory location of the 
testicles was obtained in 51 of the 62 operations (82.2%). 
This was achieved without undue tension or difficulty (ex- 
cept the technical difficulty of releasing adhesions). In five 
other cases it was also satisfactorily accomplished, but 
some tension of the spermatic cord had to be applied. 

A satisfactory operative result was thus obtained in 56 
of 62 operations (90%). It is noteworthy that in 30 of these 
patients, in contradiction to the findings at the initial op- 
eration, the spermatic cord had so lengthened that or- 
chiorrhaphy could now be easily accomplished. 

In four patients (6.4%) the spermatic cord was still 
short, and satisfactory placement of the testicles in the 
scrotum could not be achieved. Two of these patients have 
already undergone a further operation (third stage) and 
the remaining two have yet to do so. 

In only two patients (3.2%) was anatrophic testicle, 
which required excision, found at the second operation. 


Follow-Up Study 


Five of the 58 children operated on have been lost to fol- 
low-up. In 14 other cases, the follow-up is still short (less 
than two years) and the anatomical configuration and po- 
sition of the testicles is still uncertain. In those cases in 
which a third-stage operation has been performed, the fol- 
low-up is also short. Thus 41 patients with a follow-up of 
two to ten years remain for evaluation of the results of 
two-stage orchiorrhaphy. Five of these 41 patients have 
been followed up for more than eight years, five for six to 
eight years, six for four to six years, and the remaining 25 
for two to four years. _ 

Twenty-seven of these patients are already over 13 
years old, and in 20 of them secondary sexual character- 
istics have appeared and a history of erection could be ob- 
tained as evidence of good hormonal function. In three 
other patients, signs of puberty have appeared but are not 
yet well developed. It should be emphasized, however, that 
only eight of these 27 children had been operated on bilat- 
erally and only four of them had undergone second bilat- 
eral operations. Three of these five patients are sexually 
well developed; the fourth, a 13'-year-old boy, is still sex- 
ually underdeveloped but has two well-located, albeit 
small, testicles, with good configuration and consistency. 

In 32 (77%) of the 41 patients, the testicle remained in 
the scrotum. In four others, the testicles were in a border- 
line position in the upper part of the scrotum; in three pa- 
tients the testicles were still high in the suprapubic re- 
gion; and in two patients the atrophic testes were excised. 

Since absolute measurement through the scrotum after 
repeated operations is difficult, in the follow-up study the 
size of the testicle on the affected side was compared, by 
palpation, with the size of the contralateral testicle. $ 

Excluding four bilateral cases, four patients in whom 
the testicle is still ectopic, and two excised atrophic testi- 
cles, 31 testicles were found to be suitable for estimation 
of relative sizes. In 20 (64.5%) of these 31 patients the tes- ` 
ticle was equal in size and configuration to the contralat- 
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eral one and seemed to be well developed anatomically. In 
another four patients the testicle was found to be some- 
what smaller, but almost of the same size. In four patients 
the testicle that had been reoperated on was found to be 
half, and in three other patients, one third the “normal” 
size. Adding to these the two atrophic testicles that were 
excised, nine testicles (14.5%) out of the 62 operated on 
more than once and seven (17%) of the 41 followed up for 
two to ten years were found to be partially or completely 
atrophic. In five of these nine testicles it would appear 
that the atrophy started after the first operation, as they 
were smaller at the second operation than they had been 
at the first. The opposite, however, also occurred. In three 
patients, an apparently atrophic testicle was found at the 
second operation. After considering whether or not to per- 
form excisien, orchiorrhaphy was done and they now ap- 
pear to be anatomically well developed. 


COMMENT 


Gross and Replogle’ found that in 5% of cryptorchid 
children the testicle is initially completely atrophic or ab- 
sent; in a further 7% the testicle is hypoplastic but may re- 
cover. A more or less similar incidence was reported by 
Bill and Shanahan,’ who stated that 6% of undescended 
testicles are intra-abdominal and “constitute a difficult 
surgical problem.” Firor’® encountered this surgical prob- 
lem much more often (30%), and in 21.5% of his cases a 
two-stage procedure was necessary. Persky and Albert," 
on the other hand, found this necessity for staged oper- 
ation in only 3.2% of their cases. Thus, the problem of an 
underdeveloped ectopic testicle with a short spermatic 
cord is controversial, both with regard to its incidence and 
its surgical management. In our series, this surgical diffi- 
culty was encountered in about 5.6% of cases and was 
managed in the “conservative” surgical approach of a 
two-stage procedure. 

The eptimal age for performing orchiorrhaphy is also 
controversial. Many surgeons suggest operation at the 
age of 9 to 11 years,'** claiming that an earlier operation 
may be technically difficult and sometimes even unneces- 
sary, as many mobile testicles may be misdiagnosed at an 
early age as being cryptorchid. In contradiction to this at- 
titude, many surgeons advocate an early operation at the 
age of 5 to 6.'**° There are an increasing number of clini- 
cal and experimental studies? showing that the develop- 
ment of the male gonads begins, not at the prepubertal 
age as we believed previously, but much earlier. Testicles 
left ectopic until the age of puberty are retarded and dys- 
genetic but not necessarily nonfunctional in the future. 
Gross and Replogle,' who advocated late prepubertal oper- 
ation, admitted that this retardation exists, but claimed 
that this may be overcome by rapid development follow- 
ing orchiorrhaphy. Another factor that should be taken 
intogconsideratiop’ is the possibility that the dysgenetic 
development of the ectopic testicle will lead, in the future, 
to tumorigenesis, a relationship that has been known for 
many years.'*'*"* It has been recognized, moreover, that 
ischemic and atrophic changes in male gonads may also 
lead to tumorigenesis.”’** These are, therefore, extreme 
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Table 1.—Location of Second Orchiorrhaphy in 
58 Cases Reported 


Side No. of Patients 
Right 30 
Bilateral 4 
Total patients 58 
Total operations 62 





Table 2.—Age Distribution of the Patients 


No. of Patients 


First Operation Second Operation 


he” 


* All 12 patients were operated on for symptomatic inguinal hernia. 


Table 3.—Length of Spermatic Cord and Fate of 
Testicles at Initial Attempt at Orchiorrhaphy 


Length of Cord & Fate of Testicles No. of Patients 


Very short spermatic cord; 


subcutaneous exteriorization only 18 
Moderately short spermatic cord; incomplete 

orchiorrhaphy without traction 15 
Marginally short spermatic cord; 

incomplete orchiorrhaphy with traction 29 
Total 62 


attitudes that advocate orchiectomy in every case in which 
a successful orchiorrhaphy cannot be performed before 
puberty." 

We accept the policy of early operation, but not that of 
orchiectomy in the postpubertal period, since the testicles 
are so located that they may be easily observed and ex- 
cised if, and when, a malignant neoplasm develops. The 
possibility of an unsuccessful first attempt at orchior- 
rhaphy lends more weight to the argument proposing 
early operation, as some children will have to be eperated 
on more than once over a few years and all the stages are 
better completed before puberty. No undue technical diffi- 
culty has been reported by physicians operating in the late 
preschool period, and this should certainly not be a contra- 
indication to early operation. 

As testicular biopsy specimens were not taken routinely 
in our series, this study cannot contribute to the problem 
of testicular dysgenesis. It proved, however, that the testi- 
cles continued to develop anatomically after the first at- 
tempt at orchiorrhaphy, even in an ectopic position. This 
development was observed in 44 (70.9%) of 62 patients; the 
testicle remained the same size in 17.7% and decreased in 
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4 ‘3 PTAS. This ait that’ every ateni in whom a defini- 
_ tive testicular structure exists, even if it is very small and 
_ hypoplastic, deserves the chance of an orchiorrhaphy anda 
_ second-stage exploration at least. It is our strong impres- 
* “srex_ihai the fate of the testicles cannot be predicted at 
4 piee time of operation and, unless clearly atrophic, the go- 
s should not be excised. Persky and Albert, who re- 
Eirto a series of 13 cases of staged orchiorraphy, excised 
_ four testes: two because of atrophy and two because “de- 
i E inite exhaustive efforts the lengthening was not enough 
a _ to guarantee a good end result.” It is believed that such 
_ patients should be given another chance, even a third op- 
— eration, as long as the testicle is not atrophic and the 
blood supply is preserved. On the other hand, the blood 
a supply may be disturbed during the second operation and 
then late atrophy develops, as happened in several pa- 
% - tients in this series. The orchiectomy, however, is such a 
_ minor procedure that it can always be done later, if neces- 
bt The incidence of atrophy in this series was 3.2% (two 
_ of 62) following the first operation and 17% (seven of 
4) following the second operation and follow-up. This 
may be aecepted as a reasonable failure rate compared 
= with the 64.5% to 77% of testicles that have been found to 
be well developed and located at follow-up and consid- 
ering that, during the same period of 11 years, over 1,000 
i : simple orchiorrhaphies have been performed. Unfortu- 
aS nately we do not have a long follow-up on the normal pa- 
-tients who have been successfully operated on the first 
time; thus, an accurate incidence of atrophy following all 

_ the orchiorrhaphies cannot be calculated. 
a _ The second operation was usually moderately difficult, 
-~ especially releasing the testicle from the adherent connec- 
j tive tissue and fascia without impeding the blood supply. 
Isolation of the spermatic cord and its retroperitoneal 
o B ccloase were also difficult. This operation was technically 
-much easier if a long interval—preferably two years—had 

aa since the first one. 
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Editorial Comment 


The authors have compiled a large experience with staged or- 
chiorrhaphy for the high undescended testis with a short spermat- 
ic cord. This is perhaps the largest clinical series available on this 
subject. The frequency with which the testicle remained in a satis- 
factory position in the scrotum (77%) following two-stage orchi- 
orrhaphy is very encouraging. It is particularly noteworthy that 
in two thirds of the patients, the testicle achieved normal configu- 
ration and size in comparison with the contralateral gonad follow- 
ing orchiorrhaphy. The long-term success of two-stage orchior- 
rhaphy for the undescended testes with short spermatic cord has 
not been determined since the fertility of these patients has not — 
been studied adequately. Nonetheless, this approach appears pref- 
erable to the previously recommended technique of division of 
the spermatic artery while retaining arterial flow to the gonad by 
means of the vessels adjacent to the vas and the cremasterie ves- 
sels. 

Eric W. FONKALSRUD, MD 
Los Angeles 
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Tn TG years of use inthe United States, é 
FLUOTHANE (halothane) has been ad- 
ministered over 100 million mes inawide 
variety of surgical procedures. 100 million 
„extensive usage and evaluation that 
attests to FLUOTHANE as the most widely — 
used inhalant anesthetic. _-- 

Since it was first introduced, over 
4,000 papers worldwide have been pub- 
lished, ranging from review articles to 
in-depth studies. 4,000 papers... 

a bibliographic record of note on the most 
widely used inhalant anesthetic. 

Ina continuing program of informa- 
tional services on anesthesiology, Ayerst 
provides printed and audiovisual aids 
reflecting the opinions and experiences of 
recognized authorities inthe field. These 
include the highly regarded series on 
Anesthesia Rounds and Clinical Aspects of 
Anesthesiology, as well as several films of 
educational value—all available through 
your Ayerst Representative. 


FLUOTHANE (HALOTHANE) 
OVER 100 MILLION 
ADMINISTRATIONS 


@ nonflammable, nonexplosive 

@ permits use of high concentrations of 
oxygen 

@ allows free use of cautery for more 
adequate control of bleeding 

@ minimal odor facilitates smooth, rapid 
induction, reduces patient distress 

è early obtundation of pharyngeal and 
laryngeal reflexes facilitates intubation 
@ lessens airway problems 

















‘ è permits rapid adjustment of depth of 
} p anesthesia 
@ emergence is rapid and tranquil with 
mee quick recovery of protective reflexes 


è minimal nausea and vomiting, shorter 
K recovery room stay 


; ; A t See last page of advertisement 
š ®| for prescribing information. 
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4 | brand of halothane 
the-+aost widely used 


-inhalant anesthetic 
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for precision, experience, 
quality, and service 
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(Complete text of package circular.) 
ms _ Description. FLUOTHANE, brand of halo- 
_ thane, is an inhalation anesthetic. It is 
2-bromo-2-chloro-1, 1, 1-trifluoroethane 
: ona has the following structural formula: 


F Br 
Cl 





eC —C 
/ 
F H 
-The specific gravity is 1.872-1.877 at 
We 20° C., and the boiling point (range) is 
£ 49° D ‘51° C. at 760 mm. Hg. The vapor 
pressure is 243 mm. Hg at 20° C. The 
H: lood/ gas coefficient is 2.5 at 37° C., and 
the olive oil/water coefficient is 220 at 
ia C. Vapor concentrations within anes- 
thetic range are nonirritating and have a 
pleasant odor. FLUOTHANE is nonflam- 
~ mable, and its vapors mixed with oxygen 
= in proportions from 0.5 to 50 per cent 
(v/v) are not explosive. 
E FLUOTHANE does not decompose in 
contact with warm soda lime. When mois- 
ture is present, the vapor attacks alumi- 
num, brass, and lead, but not copper. 
~ FLUOTHANE is soluble in rubber, some 
= plastics, and similar materials; such ma- 
-= terials will deteriorate rapidly in contact 
_ with FLUOTHANE vapor or liquid. Stabil- 
_ ity of FLUOTHANE is maintained by the 
z addition of 0.01 per cent thymol (w/w), 
= and storage is in amber colored bottles. 
=~ FLUOTHANE should not be kept indefi- 
; - nitelyi in vaporizing bottles not specifically 
designed for its use. It is recommended 
= that vaporizers be emptied at the end of 
a -each operating day. Thymol does not vol- 
-_atilize along with FLUOTHANE, and there- 
= fore accumulates in the vaporizer, and 
_ may, in time, impart a yellow color to the 
-remaining liquid or to wicks in vaporizers. 
The development of such discoloration 
= may be used as an indicator that the va- 
S = porizer should be drained and cleaned, 
= and the discolored FLUOTHANE (halo- 
_ thane) discarded. Accumulation of thy- 
nol may be removed by washing with 
diethyl ether. After cleaning a wick or 
= vaporizer, make certain all the diethyl 
4 a ether has been removed before reusing 
adic equipment to avoid introducing ether 
_ into the system. 
ac anes FLUOTHANE is an inhalation 
Ss rh anesthetic. Induction and recovery are 
vag rapid and depth of anesthesia can be 
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sively depresses respiration. There may 
be tachypnea with reduced tidal volume 
and alveolar ventilation. FLUOTHANE is 
not an irritant to the respiratory tract, 


and no increase in Salivary or bronchial | 


secretions ordinarily occurs. Pharyngeal 
and laryngeal reflexes are rapidly ob- 
tunded. It causes bronchodilation. Hy- 
poxia, acidosis, or apnea may develop 
during deep anesthesia. 

FLUOTHANE reduces the blood pres- 
sure, and frequently decreases the pulse 
rate. The greater the concentration of the 
drug, the more evident these changes 
become. Atropine may reverse the brady- 
cardia. FLUOTHANE does not cause the 
release of catecholamines from adrener- 
gic stores. FLUOTHANE also causes dila- 
tion of the vessels of the skin and skeletal 
muscles. 

Cardiac arrhythmias may occur during 
FLUOTHANE anesthesia. These include 
nodal rhythm, AV dissociation, ventricular 
extrasystoles and asystole. FLUOTHANE 
sensitizes the myocardial conduction sys- 
tem to the action of epinephrine and 
norepinephrine, and the combination 
may cause serious cardiac arrhythmias. 
FLUOTHANE increases cerebral spinal 
fluid pressure. FLUOTHANE produces 
moderate muscular relaxation. Muscle 
relaxants are used as adjuncts in order to 
maintain lighter levels of anesthesia. 
FLUOTHANE augments the action of non- 
depolarizing relaxants and ganglionic 
blocking agents: FLUOTHANE is a potent 
uterine relaxant. 

Indications. FLUOTHANE (halothane) is 
indicated for the induction and mainte- 
nance of general anesthesia. 
Contraindications. FLUOTHANE should 
be avoided when a previous exposure was 
followed by fever and jaundice, or when 
there was an unexplained postoperative 
fever. 

FLUOTHANE is not recommended for 

obstetrical anesthesia except when uter- 
ine relaxation is required. 
Warnings. FLUOTHANE should be used in 
vaporizers that permit a reasonable ap- 
proximation of output, and preferably of 
the calibrated type. The vaporizer should 
be placed out of circuit in closed circuit 
rebreathing systems; otherwise overdos- 
age is difficult to avoid. The patient 
should be closely observed for signs of 
overdosage, /.e., depression of blood pres- 
sure, pulse rate, and ventilation, particu- 
larly during assisted or controlled ventila- 
tion. 

Usage in Pregnancy: Safe use of 
FLUOTHANE has not been established 
with respect to possible adverse effects 
upon fetal development. Therefore, 
FLUOTHANE should not be used in 
women where pregnancy is possible and 
particularly during early pregnancy, un- 
less, in the judgment of the physician, 
the potential benefits outweigh the un- 
known hazards to the fetus. 
Precautions. Cirrhosis or other abnormal- 
ities involving liver dysfunction, including 
a history of viral hepatitis, may be a 
basis for selecting an anesthetic other 
than a halogenated agent. 


2. zh 


Ee, 
~ 
a 


oe ee 


Maned with 
FLUOTHANE, unless EN ee . 


f ~ 
t P 






may fail to respond to ergot derivatives 


and oxytocic posterior pituitary extract. 

FLUOTHANE increases cerebrospinal 
fluid pressure. Therefore, in patients with 
markedly raised intracranial pressure, if 
FLUOTHANE is indicated, administration 
should be preceded by measures ordin- 
arily used to reducė cerebrospinal fluid 
pressure. Ventilation should be carefully | 
assessed, and it may be necessary to as- 
sist or control ventilation to insure ade- 
quate oxygenation and carbon dioxide 
removal. 

Epinephrine or norepinephrine should 
be employed cautiously, if at all, during 
FLUOTHANE (halothane) anesthesiasince 
their simultaneous use may induce ven- 
tricular tachycardia or fibrillation. 

Nondepolarizing relaxants and gangli- 
onic blocking agents should be adminis- 
tered cautiously, since their actions are 
augmented by FLUOTHANE. 

Adverse Reactions. The following adverse 
reactions have been reported: hepatic 
necrosis, cardiac arrest, hypotension, 
respiratory arrest, cardiac arrhythmias, 
hyperpyrexia, shivering, nausea, and 
emesis. 

Dosage and Administration. FLUOTHANE 
may be administered by the nonrebreath- 
ing technic, partial rebreathing, or closed 
technic. The induction dose varies from 
patient to patient. The maintenance dose 
varies from 0.5 per cent to 1.5 per cent. 
How Supplied. No. 3125—Unit packages 
of 125 cc. and 250 cc. of halothane sta- 
bilized with 0.01% thymol (w/w). 
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_ FLUOTHANE® (halothane) is available 
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Variability of Effect of 


Positive End Expiratory Pressure 


William G. Horton, MD, Frederick W. Cheney, MD 


Mechanical ventilation with positive end expiratory pressure 
(PEEP) has been reported to produce prompt improvement in oxy- 
genation when used to treat acute respiratory failure. Reports of the 
effect of PEEP on cardiac output have been conflicting. 

We studied 14 patients and found that, although mean values of 
arterial oxygen tension (Pao.) increased as PEEP increased, on eight 
occasions in the acute studies and three in the elective studies, it fell 
as PEEP was increased. On five occasions the fall in Pao, was associ- 
ated with an increased shunt. Arterial pressure did not, on the aver- 
age, change at any level of PEEP, but in 13 of 30 measurements it 
fell by more than 20% and necessitated curtailment of the study at 
blood pressure levels of less than 50 torr. Since these effects of 
PEEP cannot be predicted, careful patient monitoring is essential 
when ventilation with PEEP is utilized. 


ontinuous positive pressure breathing was first in- 
troduced for the treatment of pulmonary edema sec- 
ondary to left ventricular failure in 1938 by Barach et al.’ 
More recently, in 1967, Ashbaugh et al described the use of 
mechanical ventilation with positive end expiratory pres- 
sure (PEEP) for the treatment of acute interstitial pulmo- 
nary edema.’ Interstitial pulmonary edema is now widely 
recognized as a common pathophysiologic feature of acute 
respiratory failure in the surgical patient.’° 
Clinical reports in the literature have noted prompt in- 
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creases in arterial oxygen tension (Pao,) when PEEP has 


been employed**; however, the reports of the effect of © 


PEEP on cardiac output have been conflicting.’ It has 
been our impression that improvement in oxygenation is 
not always predictable. We, therefore, elected to study a 
group of patients during the acute phase of respiratory 
failure, in whom the clinical indications for PEEP were 
present, in order to show the effect of PEEP on oxygen- 
ation and cardiac output in our patient population. 


SUBJECTS AND METHODS 


During the period from January to December 1973, 324 patients 
in our university-affiliated county hospital required mechanical 
ventilation for periods greater than 12 hours. Our indications for 
continuous mechanical ventilation are an alveolar-arterial oxygen 
gradient of greater than 400 torr with the patient breathing 100% 
oxygen; respiratory acidosis resulting in a pH of less than 7.30; or 
the acute deterioration of pulmonary mechanics resulting in a vi- 
tal capacity of less than 15 ml/kg body weight or an inspiratory 
effort, at functional residual capacity, of less than 20 em H,O. Our 
criteria for utilizing PEEP is a Pao, of less than 50 torr with an 
inspired oxygen fraction of greater than 50%. Of the 324 patients, 
38 patients fulfilled our criteria for use of PEEP. A group of 14 
patients were selected for study. The basis for the selection of 
study patients was primarily the concurrent presence of a Swan- 
Ganz” pulmonary artery catheter inserted for clinical indications 
other than the present study. The presence of a catheter per- 
mitted measurement of pulmonary artery and wedge pressures 
and sampling of mixed venous blood. Patients also had radial ar- 
tery catheters. Mean pulmonary artery and systemic arterial 
pressures were estimated as one third of the pulse pressure added 
to the diastolic pressure. Wedge pressures were obtained at am- 
bient airway pressure. 

Arterial blood gases and mixed expired gas samples were ana- 
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3 faa Bacterial peritonitis 

2 Gram-negative bacterial shock 
Gastric aspiration 
1 Near drowning (salt water) 


Pulmonary contusion 












* Fourteen patients: six female, eight male. Mean age, 47.4+1 
years. Mean duration of respiratory failure before PEEP, 1.0 


A 
X = days. 


= 
=o 


Table 2.—Results of PEEP 


PEEP, cm H,O 
0 5 10 15 
22 Acute Studies in 14 Patients 
Pac,, torr 68=23 88+38* 1212 56} 1552+ 93 
Eeaemunerraction, 9% 4212 36212 30215 2515 
| Mixed venous 
oxyhemoglobin 
saturation, % 62+13 61+10 61 = 11 58 £11 
Cardiac output, 
liters/min TOE A8 5.12 1.0f 6523.9 5421.8 
Mean arterial 
pressure, torr fowmt) JIS 15 68+ 9 7i=ie 
- No. of studies 22 21 19° 12 
8 Elective Studies in 8 Patients 
Pao,, torr 246 £89 245 £73 250294 277 £130 
Shunt fraction, % 22+4 22 £3 21:5 22 £B 
Mixed venous : 
oxyhemoglobin 
saturation, % 72+8 71 £8 JAGA 74+6 
Cardiac output, 
liters/min Tend.e 6453.0 5.7+13 66228 
Mean arterial 
pressure, torr Jott. 74 )]1 11=8 78+8 
No. of studies 8 8 7 6 
Ba - *P<.001. 
AIN t P<.01. 
£ P<.05. 


Table 3.—Effect of PEEP on Cardiac Output and 
Mean Arterial Pressure* 


Initial Pulmonary 
Artery Wedge 
Pressure, Torr 


Initial Mean 
Arterial Pres- 
min sure, Torr 


7.6 + 5.4 81 + 12 
7.3 £3.2 7410 


% Change in Cardiac Output 


0-5 cm PEEP 5-10 cm PEEP 10-15 cm PEEP 


—lixt 33 
—2<= 30 
°% Change in Mean Arterial Pressure 
0-5 cm PEEP 5-10 cm PEEP 10-15 cm PEEP 


—9 +6 —12 + 10 
-5 +6 —3 +6 


Initial Cardiac 
Output, Liters/ 


Group A 
Group B 


Group A 
Group B 


Group A 
Group B 


y * Group A: 13 patients with greater than 20% reduction in mean 
os arterial pressure; group B: 17 patients with less than 20% reduction 


in mean arterial pressure. 
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lyzed with a blood gas analyzer and mixed venous oxyhemoglobin 


saturation and hemoglobin were determined with a co-oximeter 
and used to calculate arterial and mixed venous oxygen content. 
Expired gas volumes were measured with a 13-liter water spi- 
rometer. Cardiac outputs were calculated by means of the Fick 
equation using the mixed expired carbon dioxide tension PEco, 
and an assumed respiratory quotient of 0.8’ to estimate oxygen 
consumption. | 

All patients were ventilated with 100% oxygen during the study 
period with a volume respirator at a tidal volume of 15 ml/kg. In 
general, patients were either comatose or heavily sedated; how- 
ever, no attempt was made to control ventilation unless the pa- 
tient was excessively combative. 

During a control period before initiating PEEP, mean arterial 
pressure, mean pulmonary artery, and wedge pressures were 
measured and arterial and mixed venous blood samples drawn as 
well as the mixed expired gas volume and PEco, measured. Posi- 
tive end expiratory pressure was then added in 5 em H,O incre- 
ments and the patient observed for 30 minutes prior to obtaining 
samples and the next incremental step change to 10 and 15 cm 
H,O PEEP. 

Fourteen patients were studied at the time of the clinical deci- 
sion to initiate PEEP. Eight of these patients were also studied 
during the 12 hours following the initiation of PEEP. These 22 
studies were considered as a group of acute studies. In eight pa- 
tients, studies were also conducted 24 to 36 hours following initia- 
tion of PEEP. These were considered elective studies. 


RESULTS 


Patient diagnosis, age, and duration of respiratory fail- 
ure prior to the initiation of PEEP are summarized in 
Table 1. The mean Pao, during 100% oxygen breathing at 
the time of the decision to initiate PEEP in the group of 
14 patients was 68 + 23 torr and the mean shunt fraction 
was 42% + 12%. 

Mean values for Pao, during 100% oxygen breathing, 
shunt fraction, mixed venous oxyhemoglobin saturation, 
cardiac output, and mean arterial pressure at 0, 5, 10, 15 
em of PEEP are summarized in Table 2 for both the stud- 
ies done during the acute phase and for the eight elective 
studies. 

The mean value for the Pao, increased progressively in 
the acute studies with increasing levels of PEEP (Fig 1). 
However, on eight occasions in the acute studies and on 
three occasions in the elective studies the Pao, fell with 


increasing levels of PEEP (Fig 2). On five occasions the 


fall in Pao, was also accompanied by an increase in the 
shunt fraction. On the other six occasions the shunt frac- 
tion remained the same or decreased and the fall in Pao, 
was due to a decrease in the mixed venous oxygen satura- 
tion. 

The effect on cardiac output and systemic arterial pres- 
sure was also variable. The mean reduction in cardiac out- 
put was statistically significant only at 5 cm of PEEP in 
the 20 acute studies (Table 2). The mean change in sys- 
temic arterial pressure was not statistidally mee at 
any level of PEEP. There were, however, 13 occasions in 
the total group of 30 studies when a greater than 20% re- 
duction in mean arterial pressure resulted in pressures 
less than 50 torr and curtailment of the study at that fevél 


| of PEEP. Four studies were curtailed at 5 cm of PEEP, 
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Fig 1.—Mean + standard error of arterial oxygen tension (Pao,) 
during 100% oxygen breathing in 22 acute studies conducted in 14 
patients (triangles). Changes in Pao, occurring on eight occasions 
when Pao, fell with increasing PEEP (dotted lines). 


four at 10 cm of PEEP, and five studies were curtailed on 
increasing PEEP from 10 to 15 cm H,O. The 18 studies 
resulting in clinically significant hypotension (group A) 
were compared with the 17 studies without significant 
hypotension (group B). The results of this comparison are 
summarized in Table 3. The initial cardiac output, sys- 
temic arterial pressure, and wedge pressures of the two 
groups were not substantially different. However, there 
was a progressive fall in cardiac output and mean arterial 
pressure in the patients in group A, while there was only a 
minimal decline in these parameters in the patients in 
group B. The mean value for pulmonary artery wedge at 
ambient airway pressure was not substantially different 
in either group during these studies. 


COMMENT 


In contrast to earlier reports of prompt and progressive 
improvement in arterial oxygenation with application of 
PEEP, we have demonstrated variability in this response 
in our patient group. On 11 occasions in 30 studies, Pao, 
fell. On five of these occasions, falling Pao, resulted from 
increased shunting. On six other occasions, the Pao, fell 
because of a reduction in the mixed venous oxygen satura- 
tion. Depression of cardiac output resulted in unaccept- 
- able (less than 50 torr) mean systemic arterial pressure on 
18 occasions during the 30 studies. We continue to be im- 
pressed by the variability of response in arterial oxygen- 
ation and cardiac output when PEEP is used in the treat- 
ment of acute respiratory failure. 

In addition to*monitoring Pao, and blood pressure as 
PEEP is applied, mixed or central venous oxygen satura- 
tion should be monitored. The mixed venous oxygen satu- 
ration represents the amount of oxygen remaining in 
venous blood after circulation and, therefore, is a function 
of arterial oxygen content, oxygen consumption, an 
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Fig 2.—Mean + standard error of arterial oxygen tension (Pao) 
during 100% oxygen breathing in eight elective studies (triangles). 
Changes in Pao, occurring on three occasions when Pao, fell with 
increasing PEEP (dotted lines). 


diac output. Arterial oxygen content can be estimated 
from the Pao,, but direct measurements of cardiac output 
and oxygen consumption are less readily available. Mixed 
venous or central venous oxygen saturation can provide 
an indication of the summed effect of arterial oxygen- 
ation, oxygen consumption, and cardiac output and pro- 
vide a means of measuring the net effect of the appli- 
cation of PEEP on oxygen delivery. 

Since respiration was not controlled in this study, vari- 
ation in oxygen consumption due to changes in the work 
of breathing may possibly have contributed to some of the 
changes in mixed venous oxygen saturation observed. 
Wedge pressures were measured at ambient airway pres- 
sure and with zero reference at ambient pressure. In order 
to determine more precisely whether decreased left ven- 
tricular filling pressure may contribute to decreased car- 
diac output and hypotension, we suggest that in future 
studies wedge pressures be measured at positive airway 
pressure and in reference to intrathoracic pressure. 

In this series of 30 studies in 14 patients requiring 
PEEP for the treatment of acute respiratory failure, we 
have demonstrated the variability of response in effect on 
arterial oxygenation and on cardiac output. All patients 
showed improvement in oxygenation on at least one occa- 
sion; however, on ten of 30 occasions Pao, fell with in- 
creasing levels of PEEP. On 13 of 30 occasions, depression 
of cardiac output resulted in clinically significant hypoten- 
sion. We, therefore, believe that the clinical application of 
PEEP should be closely monitored and used only if there 
is a demonstrable increase in Pao, in the absence of sig- 
nificant hypotension. 


This investigation was supported by SCOR grant 8L-14152-03. 
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Editorial Comment 


This is a well-written, concise article that confirms an earlier re- 
port by Downs et al (Anesth Analg 52:210, 1973) where they dem- 
onstrated that there is an optimum level of PEEP that produces 
the highest Pao, with the lowest shunt. Those authors emphasized 
the importance of monitoring cardiac output and effective circu- 
lating blood volume. Doctors Horton and Cheney suggest that 
PEEP only be used if there is a demonstrable increase in Pao, in 
the absence of significant hypotension. I do not believe that any- 
one would condone electively producing hypotension with PEEP. 
However, it is common knowledge that many patients in severe 
respiratory failure are relatively hypovolemic. It is these patients 
who are most susceptible to decreases in cardiac output and hypo- 
tension with increases in PEEP. Rather than making a categorical 
statement of condemning PEEP in such patients, it might be 
more proper to suggest adequate replacement of effective circulat- 
ing blood volume when PEEP is used under these conditions. This 
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approach dictates the use of a Swan-Ganz pulmonary artery cath- 
eter for obtaining pulmonary wedge pressures, in order to eval- 
uate the relative contribution of cardiac function versus blood vol- 
ume in producing hypotension. 

Regarding their findings of a decrease in arterial oxygen ten- 
sion with incremental increases in PEEP, this would be expected 
if indeed ventilation and perfusion must be matched for optimum 
Pao,. What likely is occurring is that once the optimum level of 
PEEP is exceeded, there is a shift in circulation from the venti- 
ląted to the unventilated areas, thus increasing the shunt fraction. 
As the authors suggest, by meticulous monitoring of both pulmo- 
nary and cardiovascular parameters, the optimum PEEP value 
can be achieved and, when combined with effective fluid replace- 
ment, it can be matched with optimum cardiac output. 

JEROME H. MopELL, MD 
Gainesville, Fla 
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Left Carotid Steal 


A New Observation 


Harris B Shumacker, Jr., MD, John H. Isch, MD 


A patient had an occlusion of the left subclavian artery just proxi- 
mal to the takeoff of a previously placed subclavian-carotid graft. 
This caused reversal of flow in the graft and a symptomatic steal of 
blood via the intracranial arteries. An axilloaxillary graft restored for- 
ward flow. In a second patient, a steal occurred from the right ca- 
rotid and vertebral systems into the distal carotid system of the left 
side that had been isolated by a proximal carotid artery occlusion 
from arteriosclerosis. A saphenous vein, used as a bypass from the 
subclavian to the carotid artery, restored normal flow. Thus, the ca- 
rotid system may be the low-pressure area responsible for the steal, 
although this is rarer than the subclavian. 


t is surprising that the arterial “steal phenom- 
enon” was so long in being recognized. As far as one 


can tell, such a reversal of flow in the subclavian artery 


was first described by Contorni' in 1960. The following 
year, Reivich and his colleagues’ published a report in the 
New England Journal of Medicine that included flow mea- 
surements in two such patients, some experimental stud- 
ies, and a review of the recorded animal investigations 
concerning flow reversal, the first of which was published 
in 1951. Stimulated by this article, the staff of that journal 
presented an editorial in the same issue appropriately 
naming the syndrome “the subclavian steal.” The clinical 
entity and suggestions concerning its management were 
further verified the following year by Mannick et al,* who 
treated three patients by thromboendarterectomy, and by 
Rob, who ligated the affected vertebral artery at the level 
of its origin. Since then, additional steal phenomena in 
other parts of the body have been described, as well as 
other methods of »perative management, especially shunt 
bypass procedures. 


Accepted for publication Oct 31, 1974. | 
*Fr8m the departments of surgery, Indiana University Medical Center 
and St. Vincent Hospital, Indianapolis. 
Reprint requests to St. Vincent Professional Bldg, Suite 411, 8402 Har- 
court Rd, Indianapolis, IN 46260 (Dr. Shumacker). 
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It is our purpose to describe a new observation, a left ca- 
rotid steal, and to illustrate this apparently rare syndrome 
by two brief case reports. 


REPORT OF CASES 


Case 1.—A 61-year-old woman was first treated in January 1972 
because of transient cerebral ischemic attacks of about eight 
months’ duration, characterized by right hemiparesis, visual loss, 
and such dizziness that she believed she would “black out.” There 
were no abnormal neurological signs on admission to the hospital. 
She was hypertensive (210/110 mm Hg in both arms) and no pulse 
was felt in the firm and obviously thrombosed left common carotid 
artery. Arteriographic studies revealed a relatively normal aortic 
arch, complete occlusion of the left common carotid artery from 
its origin without any visualization of its external or internal ca- 
rotid branches, severe narrowing of the mid-right common carotid 
artery with marked stenosis involving its bifurcation, mild stenot- 
ic lesions of both vertebral arteries and the origins of the innomi- 
nate and left subclavian arteries. Exploration of the left carotid 
system was carried out with little hope of success, but fortunately 


the internal and external carotid arteries were occluded only in — 


their proximal portions. After doing a thorough thromboendarter- 
ectomy of the distal part of the left common carotid artery and 
its two branches, a bypass graft of knitted Dacron was inter- 


polated end to side between the subclavian artery and the distal 


part of the common carotid artery. The graft and the internal and 
external carotid arteries pulsated well thereafter. The patient 
woke up promptly and had no neurologic difficulties. 

She did well and had no further transient ischemic attacks. In 
April she was again studied arteriographically (Fig 1). The graft 
was widely open and delivered the contrast material freely into 
the internal and external carotid arteries. The innominate artery 
was irregular but open; the right carotid artery was nearly oc- 
cluded throughout almost its entire length. An extensive throm- 
boendarterectomy from just above the clavicles up to and includ- 
ing the bifurcation and the proximal portions of the external and 
internal carotid arteries was carried out. She recovered well. 

She returned in March 1973, however, approximately 14 months 
after her original operation, reporting the recent onset of dizzy 


Left Carotid Steal/Shumacker & Isch 399 
















nod eNO 2. a 

Fig 1.—Arteriograms (case 1). Left, 
changes (April 1972) in left subclavian, right carotid, and both ver- 
tebral arteries, and widely patent graft from left subclavian artery to 
common carotid artery with good flow into internal and external 
branches. Center, Occlusion of left subclavian artery proximal to 





spells, blurring of vision in the left eye, intermittent numbness of 
the right upper extremity and sometimes of the right lower ex- 
tremity as well. No pulses could be felt in the left upper extrem- 
ity. The blood pressure in the right arm was 210/80 mm Hg and 
the pulses were all strong. No good pulsation could be felt in the 
left subclavian-carotid graft. Arteriograms showed total obstruc- 
tion of the left subclavian artery proximal to where the graft was 
attached. In delayed x-ray films, after the dye had disappeared 
from the right innominate, subclavian, carotid, and vertebral ar- 
teries, it could be seen to fill the graft by reversed flow and via the 
graft to opacify the distal left subclavian artery. Other exposures 
demonstrated the steal to occur through intracranial vessels. An 
axillary-axillary bypass graft with a knitted Dacron prosthesis 
was carried out. She made a quick recovery, following which she 
had pulses of equal volume in both upper extremities and equal 
blood pressure. 

She has been seen on frequent oceasions since then. She has 
never had any recurrence of her transient ischemic attacks. She 
still has a strong pulse in the subclavian-carotid graft and strong 
and equal pulses in the two upper extremities. The blood pressures 
are ordinarily similar in the two arms, usually about 165/80 mm 
Hg. She has recently developed intermittent claudication in the 
lower extremities that does not bother her greatly, and in March 
1974 she had an episode of severe chest pain that had the charac- 
teristics of angina pectoris. No further attacks have occurred. 

Case 2.—A 75-year-old man had been complaining of increas- 
ingly severe bilateral intermittent claudication in his lower extrem- 
ities since 1958. He was admitted to the hospital on Nov 29, 1973. 
Of particular interest was the fact that he had severe transient 
cerebral ischemic attacks dating back over a period of nine years. 
It was a little difficult to be certain about the nature of these at- 
tacks as he did not seem to be a very reliable historian. These at- 
tacks were, however, pretty well confirmed by his wife and his 
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graft and failure of direct antegrade flow through subclavian-carotid 
graft (March 1973). Right, Delayed exposure demonstrating reversal 
of flow down left internal carotid artery through carotid-subclavian 
graft and into left subclavian artery. 


Fig 2.—Arteriograms (case 2). Left, Early exposure showing opaci- 
fication of right carotid and both vertebral arteries but not of left ca- 
rotid artery. Right, Later exposure demonstrating steal into left ca- 
rotid artery with good filling of internal, external, and distal 
common carotid arteries. 
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_ daughter. They included an episode of complete left-sided paraly- 


sis associated with slurring of speech and lasting about an hour in 
1966. Another attack of shorter duration had occurred the next 


year and affected the right lower extremity. Subsequently, he had 


had an episode during which he had paralysis of the left arm. He 


- said that in 1971, for a short period, both lower extremities were 


- paralyzed. His physician stated that the patient had had a left 


hemianopsia since one of the early episodes, but the patient him- 
self offered no voluntary complaints of any visual difficulties. 
‘The patient looked about his stated 75 years. His blood pressure 
was 160/74 mm Hg. There was a strong bruit over the right ca- 
rotid artery. The left carotid pulse was so weak it could hardly be 
identified. An arch aortographic study was carried out. Excellent 
visualization of the branches was obtained (Fig 2). There was ob- 
vious arteriosclerotic involvement of the arch, but it was essen- 
tially normal in caliber and widely patent. The innominate and 
subclavian arteries also had irregular outlines but were patent, 
and the same was true of the right carotid artery, which had some 
arteriosclerotic plaques but no very substantial narrowing. The 
vertebral arteries filled in an antegrade fashion from the subcla- 
vian arteries and appeared quite normal. There was no visual- 


_ ization of the proximal major portion of the left common carotid 


artery. As the dye disappeared from the innominate and the right 


subclavian arteries and as it was leaving the right carotid artery 
it began to appear in the left internal carotid artery, the distal 


_ portion of the common carotid artery, and the external carotid ar- 


tery. It was obvious that the left carotid system was stealing, and 
it seemed almost certain that this came through intracranial com- 
munications. 

He was operated on on Nov 26. A reversed segment of a portion 
of one of his saphenous veins was inserted as a bypass graft be- 
tween the side of the left subclavian artery and the transsected 
end of the left common carotid artery. The common carotid artery 
had been found to be occluded throughout most of its course, but 


its distal 1.5 cm was patent and the same was true of the internal 


and external carotid arteries. There was some additional evidence 
at the time of operation that the steal into the left carotid system 
came via intracranial branches, since digital occlusion of the ex- 
ternal carotid artery did not abolish the weak pulse that could be 
felt in the internal carotid artery, while compression of the inter- 


- nal carotid artery seemed to stop the weak pulsation present in 


the external carotid artery. After interpolation of the graft, there 
was strong pulsation through it and into both the internal and ex- 
ternal carotid arteries. 

The patient lived some distance away and has not found it con- 
venient to return for examination. His physician has informed us, 
however, that he examined him carefully approximately five 


months after the operative procedure and found him in excellent 


condition and obtained a report that no further transient ischemic 
attacks had occurred. He said that the graft could be felt to be 
pulsating well. 


COMMENT 


The steal phenomenon can occur in any anatomic situ- 
ation in which an artery is occluded in such a position that 
a distal branch with its resultant low pressure can drain 
off blood through collaterals joining it to an artery or ar- 
teries in which the blood pressure is normal and deliver 





the reversed flow into the obstructed artery distal to its F a 


site of occlusion or into a connecting open branch. The — 


subclavian steal was not only the first to be recognized 


and treated, but remains the one most commonly associ- — ; 
ated with complaints leading to its recognition and to op- _ 
erative intervention. There are other possible steal situ- 


ations in the neck. Bosniak, from angiographic studies, 


described various branches of the carotid and subclavian — | 


systems entering into subclavian, vertebral, and external 
carotid steal phenomena. One would anticipate that occlu- 


sion of the right innominate artery might lead, on occa- 


sion, to reversal of flow down through the carotid and the — 


vertebral arteries as well and, thence, into the subclavian 
artery, and a few such cases have been reported.’ These 


reports include reversed flow, not only down the right ca- _ 


rotid artery but down the ipsilateral and sometimes the 
contralateral vertebral artery as well. O’Sullivan and his 
associates” have described one patient whe had an occlu- 
sion of the proximal portion of one external carotid artery 
with a steal into the external carotid system through a 
large collateral artery from the ipsilateral vertebra] ar- 
tery. 

It is not likely that the left carotid steal syndrome will 
often be observed, but it is important to recognize the pos- 
sibility of its occurrence. Since only two patients have 


been studied, one cannot accurately describe the variety E 


or extent of the symptoms that may result from this dis- 
ordered circulation. Those symptoms in our two patients 


would suggest that alarming ischemic episodes may occur. 
Experience with corrective operative methods in these pa- | 


tients indicates that the condition can be handled effec- 
tively by appropriate vascular reconstructive procedures. 
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In 119 patients undergoing intra-abdominal arterial reconstruc- 
__ tions, the small intestines were retained in plastic bags and the fluid 
that passed from the small intestine into the intestinal bag was cul- 
tured for bacteria to search for enteric organisms as a source of 


prosthesis infection. No enteric organisms were recovered from 


these 119 cultures. Three cultures did yield bacterial growth; in two 
cases Staphylococcus epidermidis was found and in one instance 
S aureus was cultured. Under the conditions of this study, which in- 
cluded intravenous administration of cephalothin sodium preopera- 


re tively, intraoperatively, and postoperatively, the small intestinal 


_ transudate did not harbor enteric bacteria. 
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Sterility of Intestinal Transudate 
_ During Aortic Reconstructive Procedures 


Henry E. Russell, MD; Robert W. Barnes, MD; William H. Baker, MD 


n infected arterial prosthesis in aortic surgery is a 
dreaded but fortunately uncommon complication 
with a mortality that approaches 50%.'* Successful treat- 
ment may be technically challenging and may require re- 
moval of the prosthesis with various forms of extra-ana- 
tomic revascularization procedures.’ A major amputation 
may confront the survivor if reconstruction proves to be 
unfeasible.?* Because the results of treatment of infected 
prostheses continue to be poor, the vascular surgeon’s 
main thrust remains the prevention of this complication. 
Infection of a prosthesis can be reduced if the infected 
organism is susceptible to administered antibiotics.*-° 
Broad spectrum antibiotics may be given systemically be- 
fore, during, and after operation and also have been used 
in local irrigating solutions at the time of operation.*°* 
The incidence of infection can be further lowered if the 
prosthesis is soaked in appropriate antibiotic solutions 
prior to surgical insertion.‘ 

Gram-positive bacteria (Staphylococcus aureus, S epi- 
dermidis) are the usual organisms cultured from an in- 
fected prosthesis.'*'” However, Fry reports that the inci- 
dence of Gram-negative infections is increasing in the 
University of Michigan series." He implies that the source 
of the Gram-negative bacteria is the small bowel, stating, 
“The material recovered from the bowel bag at the conclu- 
sion of the reconstructive procedure is cultured and has al- 
most routinely grown out typical enteric Gram-negative 
organisms.”“ On the basis of these findings, he has 
changed his prophylactic antibiotics to include a drug with 
Gram-negative coverage. ® 





Accepted for publication Nov 6, 1974. 
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This prospective study was designed to investigate the 
above findings. 


SUBJECTS AND METHODS 


From January 1973, to May 1974, studies were performed on 119 
patients undergoing aortic reconstructive surgery at the Uni- 
versity of Iowa General Hospital and the Iowa City Veterans Ad- 


ministration Hospital. The previously employed policy of pre- — 


operative, intraeperative, and postoperative antibiotics was not 
altered. The antibiotic regimen used with the placement of arte- 


rial prostheses was as follows: (1) cephalothin sodium: 1 to 2 gm 


administered intravenously every six hours during the 12 hours 
immediately prier to operation; (2) cephalothin sodium: 2 gm ad- 
ministered intravenously at the time of prosthesis placement; (3) 
cephalothin sodium: 1 to 2 gm administered intravenously every 
six hours for three to four days postoperatively. 

At the University Hospital, the prostheses were soaked in a so- 
lution of cephalothin sodium (1 gm) and kanamycin sulfate (1 gm) 
for ten minutes zust prior to the insertion in 93 patients. This soak 
regimen was not employed in the 26 patients at the VA Hospital. 

The patient’s abdomen was shaved the night prior to operation, 
then prepared in the operating room with a wash of either hexa- 
chlorophene solution or povidone-iodine soap followed by the ap- 
plication of povidone-iodine solution. Plastic self-adherent drapes 
on the abdominal skin were generally not employed in this series 
of patients. 

A midline abdominal incision was routinely used. To provide 
clear exposure of the aorta and to minimize irritation of the bowel 
serosa, the small intestine was placed in a plastic bag and gently 
retracted to the patient’s right side. To prevent injury to the small 
intestine, care was taken to avoid torsion or tension on the mesen- 
tery of the smal! bowel. The drawstring on the intestinal bag was 
loosely approximated around the root of the small bowel mesentery. 

Following the completion of the vascular anastomoses and clo- 
sure of the retroperitoneal space, the small intestine was removed 
from the bag. During the operative procedures, 50 to 100 ml of 
fluid transuded from the small intestine. This fluid was cultured 
for bacteria. 

The types of procedures carried out in these patients included 
59 aortofemoral and 52 aortoiliac bypass prostheses, seven renal 
artery reconstructions, and four aortoiliac thromboendarterec- 
tomies. Three patients underwent combined renal artery recon- 
struction and distal aortic bypass procedures. One patient had a 
femoral-popliteal bypass at the time of aortofemoral reconstruc- 
tion. The duratien of these procedures ranged from two to eight 
hours. 


RESULTS 


Of 119 cultures of intestinal bag fluid, none grew Gram- 
negative organisms. Three positive cultures were ob- 
tained, one of which grew less than 1% S epidermidis. 
(Less than 1% growth indicates that the organism grew 


only in pure culture broth with no growth occurring on 


A 





routine culture plates.) Of the other two positive cultures, 
one grew S epidermidis and the other grew S aureus. The 


overall incidence, therefore, of positive cultures of intesti- 


nal. bag fluid wab 2.5%. 


The patient whose culture grew less than 1% S epider- 
midis underwent an aortofemoral bypass. The patient re- 
ceived cephalothin intravenously preoperatively but none 
was given in the operating room. There were no intraop- 
erative complications or subsequent infections at a two- 
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The only three positive cultures were Gram-positive orga- 







month postoperative evaluation. 

The second patient whose culture grew s epidermidis 
underwent an emergency repair of a rupturing abdominal 
aortic aneurysm. This patient received no preoperative 
cephalothin sodium, but was given 2 gm of cephalothin so- ‘ 
dium in the operating room intravenously. This patient 
experienced hypotension during the induction of anesthe- _ $- 
sia and subsequently died of pneumonia and renal failure 
ten days postoperatively. Cultures of peritoneal fluid at p 
the time of peritoneal dialysis for renal failure were all 

; i = i ayia 
negative. Postmortem examination revealed no a a: Sa 
of prosthesis infection. É E 

The patient whose culture grew S aureus underwent RE ; 
aortofemoral bypass procedure without complication and | z3 
had a normal postoperative course with no infections 
noted at a ten-week follow-up examination. This patient 
received the standard cephalothin regimen. The cultured S — 
aureus in this patient was sensitive to cephalothin. 4 

During the period of this study, three patients devel- | 
oped clinical prosthesis infections. It is important to note 7 
that none of these three had bacterial growth in the in- 
testinal bag fluid cultured at the time of operation. At the 
time of prosthesis resection and culture, each patient was EE 
receiving systemic antibiotics. At reexploration, one pa- 
tient was found to have cloudy fluid encompassing an oc- © 
cluded limb of an aortoiliac prosthesis. Cultures obtained i 
at the time of removal of the prosthesis yielded no growth 
of bacteria. The patient’s initial procedure lasted 150 min- 
utes, and there were no intraoperative or postoperative — 
complications. 

A second patient developed a superficial wound infec- 
tion in the left groin following insertion of an aortofemo- i 
ral prosthesis. Pseudomonas cultured from this wound was 
resistant to cephalothin and the patient was treated with 
gentamicin. One month later, a left femoral-popliteal by- _ $ 
pass was required for progressive ischemia of the left foot. 
At the time of operation, S awreus was cultured from the “ig 
toes of the patient’s ischemic left foot. Based on culture 
and sensitivity results, the patient received another "a 
course of cephalothin. Six weeks later, the patient re- 
turned with hemorrhage from a Pseudomonas infection of 
the prosthetic anastomosis in the left groin. Despite re- Y 
moval of the prosthesis and subsequent amputations, the a 
patient eventually died. a’ 

The third patient who developed a prosthesis infection — a 
underwent aortofemoral and left femoral-popliteal bypass i 
for acute ischemia of the left leg. The operation was eight 
hours in duration. The patient returned to the hospital six 
months after surgery with tender masses in both groins. 

At exploration the entire aortofemoral prosthesis was sur- 

rounded by purulent-appearing fluid and was resected. No 
organism was recovered from prosthesis cultures. The pa- f 
tient was treated with gentamicin and methicillin sodium 
and survived with bilateral above-knee amputations. 














A 
-A 


. 
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COMMENT 
This study does not substantiate the claim that intesti- 4 
nal bag transudates contain Gram-negative organisms. . 
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= / 
= nisms that are ieaiai contaminants from the pa- 
tient’s skin, and “typical enteric Gram-negative orga- 
a nisms” were never cultured. 
a The causes for the striking discrepancy between these 
** results and those of Fry" are not readily apparent. The 
| culture methods of the University of Michigan are not 
stated. Routine cultures were performed by the hospital 
microbiology laboratory in our study but anaerobic cul- 
=~ tures were not done. It is presumed that some preopera- 
= tive cathartics were given to patients in both studies. 
~ Therefore, the only major difference between the series of 
= patients is the prophylactic antibiotic used. 
In the study reported by Fry, oxacillin sodium was used 
= for prophylaxis." This antibiotic has antibacterial activity 
_ limited to Gram-positive organisms. Cephalothin was used 
_ in the present study. Statistics compiled by our clinical mi- 
_ crobiology laboratory show that not only is this antibiotic 
effective against S aureus (100% of 190 organisms cul- 
x ay tured) but it is also effective against Escherichia coli (79% 
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of 321 RET Klebsiella pneumoniae (88% of 146 or- 
ganisms), and Proteus mirabilis (99% of 117 organisms). 


We can hypothesize that either Gram-negative ‘orga- — 


nisms do not traverse the wall of the small intestine dur- 
ing aortic reconstructive procedures, or that the combina- 
tion of mechanical small bowel preparation and systemic 
cephalothin renders the small intestine sterile. This study 
was not designed to answer which of the hypotheses is 
correct. 

Regardless of which hypothesis is true, we would con- 
clude that when employing the prophylactic regimen of 
cephalothin in patients undergoing aortic surgery, the 
fluid collected in plastic intestinal bags is not a source of 
detectable enteric organisms. 


Nonproprietary Name and Trademark of Drug 
Cephalothin sodium—Keflin. 
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For optimal preoperative skin degerming — BETADINE Surgical Scrub. Chosen 
by NASA for Apollo 11/12/14 splashdowns, BETADINE Surgical Scrub provides 
a golden microbicidal lather for prepping the Operative site... kills both gram- 
positive and gram-negative bacteria (including antibiotic-resistant strains), fungi, 
viruses, protozoa and yeasts... promptly achieves full microbicidal effect with 
each usage. (In the rare instance of local irritation or sensitivity, discontinue use 
in the individual.) | 


To enhance antisepsis— BETADINE Solution or BETADINE Aerosol Spray. After 
initial prepping with BETADINE Surgical Scrub, paint the operative area with 
BETADINE Solution (chosen by NASA for the Skylab mission), or spray with 
BETADINE Aerosol Spray...both are fully microbicidal and film-forming... 
maintain microbicidal activity in the presence of blood, pus and serum...treated 
area may be bandaged, taped or covered by acast. 


E 


To help maintain postoperative antisepsis— Reapply BETADINE Solution or 
BETADINE Aerosol Spray after suturing and during redressing. BETADINE 
microbicides are virtually nonirritating and do not stain skin and natural fabrics. 


PHOTOGRAPH: SKYLAB IN ORBIT, COURTESY OF THE NATIONAL AERONAUTICS AND SPACE ADMINISTRATION. 
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The once-a-day intravenous antibiotic 





LABORATORIES DIVISION 


PFIZER INC 





1. ) 
Effective in a wide range of 
=` Surgicalsituations . 
including bowel infections, peritonitis, 
onephritis, cholecystitis, 








pyelon : 
prostatitis, cellulitis, abscesses, 
and wounds 


WHEN CAUSED BY SUSCEPTIBLE* STRAINS OF THESE ORGANISMS 
Klebsiella pneumoniae, Enterobacter aerogenes, Escherichia coli, Bacteroides 


*Many strains of bacteria have been shown to be resistant to tetracyclines. These include strains of 
streptococci, pneumococci, and many gram-negative organisms. Therefore, culture and sensitivity testing 
are advisable to determine the susceptibility of the infecting organism to doxycycline. 
tRespiratory and urinary infections. 





2. 
Studies to date have indicated that 
Vibramycin at the usual recommended 
doses does not lead to excessive 
accumulation of the antibiotic in patients 
with renal impairment 











3. 
The therapeutic antibacterial serum 
activity will usually persist for 24 hours 
following recommended dosage 


i Bie poe f TON ° , 
T E See Brief Summary on following 
page for information on side effects, 
dosage and contraindications. 
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(a Bi im 
Vials containing doxycycline hyclate equivalent 
to 100 mg. doxycycline with 480 mg. ascorbic acid, and 
200 mg. doxycycline with 960 mg. ascorbic acid 


The once-a-day intravenous antibiotic 


The usual adult dosage of Vibramycin I.V. is 200 mg. on the first day 
of treatment administered in one or two infusions. Subsequent 
daily dosage is 100 to 200 mg. depending upon the severity of infection, 
with 200 mg. administered in one or two infusions. 


Vibramycin® Hyclate (doxycycline hyclate) and 

Vibramycin® Hyclate I.V. (doxycycline hyclate for injection) 

BRIEF SUMMARY 

Contraindicated: In persons hypersensitive to any of the tetracy- 
clines. 

Warnings: Use of tetracyclines during the last half of pregnancy, in- 
fancy and childhood to the age of 8 years may cause permanent 

discoloration of developing teeth. This is more common during 

long-term use of the tetracyclines but has been observed following 

repeated short-term courses. Enamel hypoplasia has also been re- 
ported. Thus, tetracyclines should not be used in this age group un- 
less other drugs are not likely to be effective or are contraindicated. 
Individuals receiving tetracycline antibiotics should be advised that 

direct sunlight or ultraviolet light can cause photosensitivity reac- 
tions. If these reactions (exaggerated sunburn) occur, discontinue 

therapy. Doxycycline forms a stable calcium complex in any bone- 
forming tissue. Fibula growth has been decreased in prematures 

given oral tetracyclines 25 mg./kg. q. 6 h., but this reaction was re- 
versible when the drug was discontinued. 

The antianabolic action of the tetracyclines may cause an in- 
crease in BUN. Studies to date indicate that this does not occur 
to a significant degree with the use of Vibramycin in patients with 
impaired renal function. 

Vibramycin Intravenous has not been studied in pregnant pa- 
tients. It should not be used in pregnant women unless, in the judg- 
ment of the physician, it is essential for the welfare of the patient. 

Animal studies indicate that tetracyclines cross the placenta, are 
found in fetal tissues and can have toxic effects on the developing 
fetus. Evidence of embryotoxicity has also been noted in animals 
treated early in pregnancy. 

The use of Vibramycin Intravenous in children under 8 years is 
not recommended because safe conditions for its use have not 
been established. 

Tetracyclines are present in the milk of lactating women who are 
taking a drug in this class. 

Precautions: Overgrowth of nonsusceptible organisms may occur, 
including fungi. If such superinfections are encountered, discon- 
tinue Vibramycin and institute appropriate therapy. 

In venereal disease when coexistent syphilis is suspected, a dark- 
field examination should be done before initiating therapy. Conduct 
monthly serological tests for at least 4 months. 

Because tetracyclines depress plasma prothrombin activity, pa- 
tients on anticoagulant therapy may require downward adjustment 
of their anticoagulant dosage. 

In long-term therapy, conduct periodic laboratory evaluation of 
organ systems, including hematopoietic, renal and hepatic. 

Treat all Group A beta-hemolytic streptococcal infections for at 
least 10 days. 

Avoid giving doxycycline with penicillin because of possible inter- 
ference with penicillin activity. 

Antacids containing aluminum, calcium, or magnesium impair 
absorption and should not be given concomitantly to patients taking 
oral Vibramycin. 

Adverse Reactions: Anorexia, nausea, vomiting, diarrhea, glossitis, 


For follow-up therapy/ Vibramycin’nycat Capsules 


(doxycycline hyclate) 


A semi-synthetic tetracycline 


dysphagia, enterocolitis, inflammatory lesions (with monilial over- 
growth) in the anogenital region, maculopapular and erythematous 
rashes, exfoliative dermatitis, photosensitivity, urticaria, angio- 
neurotic edema, anaphylaxis, anaphylactoid purpura, pericarditis, 
exacerbation of systemic lupus erythematosus, hemolytic anemla, 
thrombocytopenia, neutropenia and. eosinophilia have been re- 
ported. Prolonged administration of tetracyclines may produce 
brown-black microscopic discoloration of thyroid glands. No ab- 
normalities of thyroid function studies are known to occur. Bulging 
fontanels have been reported in young infants on therapeutic dos- 
age but disappeared when the drug was discontinued. A dose- 
related rise in BUN has been reported. 

Oral Adult and Children’s Dosages: See the Vibramycin Oral pack- 
age insert for recommended dosage schedules for adults and 
children. 

Intravenous Dosage and Administration: Note: Rapid administration 
is to be avoided. Parenteral therapy is indicated only when oral 
therapy is not indicated. Oral therapy should be instituted as soon 
as possible. If intravenous therapy is given over prolonged periods 
of time, thrombophlebitis may result. 

The usual dosage and frequency of administration of Vibramycin 
I.V. (100-200 mg./day) differs from that of the other tetracyclines 
(1-2 Gm./day). Exceeding the recommended dosage may result in 
an increased incidence of side effects. 

Studies to date have indicated that Vibramycin, at the usual rec- 

ommended doses, does not lead to excessive accumulation of the 
antibiotic in patients with renal impairment. 
Intravenous Adult Dosage: The usual dosage of Vibramycin I.V. is 
200 mg. on the first day of treatment administered in one or two in- 
fusions, Subsequent daily dosage is 100 to 200 mg. depending on 
the severity of infection, with 200 mg. administered in one or two 
infusions. 

In the treatment of primary and secondary syphilis, the recom- 
mended dosage is 300 mg. daily for at least 10 days. 

Intravenous Children’s Dosage: The recommended dosage schedule 
for children weighing 100 pounds or less is 2 mg./Ib. of body weight 
on the first day of treatment, administered in one or two infusions. 
Subsequent daily dosage is 1 to 2 mg./Ib. of body weight given as 
one or two infusions, depending on the severity of the infection. For 
children over 100 pounds the usual adult dose should be used. (See 
“Warning” Section for Usage in Children.) 

General: The duration of infusion may vary with the dose (100 to 
200 mg. per day), but is usually one to four hours. A recommended 
minimum infusion time for 100 mg. of a 0.5 mg./ml. solution is one 
hour. Desired concentrations of the final solution should be 0.2 
mg./ml. to 0.5 mg./mli. Concentrations below 0.1 mg./ml. or above 
1.0 mg./ml. are not recommended. Therapy should be continued for 
at least 24-48 hours after symptoms and fever have subsided. The 
therapeutic antibacterial serum activity will usually persist for 24 
hours following recommended dosage. 

Intravenous solutions should not be injected intramuscularly nor 
subcutaneously. Caution should be taken to avaid the inadvertent 
introduction of the intravenous solution into the adgacent soft tissue. 

More detailed professional information available on request. . 


Capsules equivalent to 
50 mg. and 100 mg. doxycycline 


Pfizer LABORATORIES DIVISION ° 
PFIZER INC. 
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Late Thrombosis Affecting 
One Limb of Aortic Bifurcation Graft 


Hassan Najafi, MD; William S. Dye, MD; Hushang Javid, MD; James A. Hunter, MD; 
Marshall D. Goldin, MD; Cyrus Serry, MD; Ormand C. Julian, MD 


Late unilateral limb thrombosis was encountered in 45 of 601 pa- 
tients dischargec from the hospital with functioning aortic bifurca- 
tion grafts, an incidence of 7.5%. It was invariably associated with 
Clinical manifestations of arterial insufficiency to the affected limb 
more serious than those of the extremity prior to the initial oper- 
ation. Although the specific cause could not be determined, it was 
usually due to either progression of the disease distal to the recon- 
structed segment or to certain compromises at the time of the first 
operation or both. Among several procedures employed, unilateral 
reconstruction of the thrombosed limb is the procedure of choice. 
The reoperation was successful in 75% of the patients. 


ven though insertion of Dacron bifurcation grafts 
for relief of obstruction in the terminal aorta or iliac 
systems has proven highly successful, several late compli- 
cations are associated with its use. These include forma- 
tion of false aneurysms at the anastomotic sites, infec- 
tion, fistula communication with the intestinal tract, and 
thrombosis of usually one limb of the graft." The latter- 
most has been the most common complication in our expe- 
rience, providing the basis for this clinical review. 


PATIENTS 


The records of 622 consecutive patients who had aortic bifurca- 
tion grafts at Presbyterian-St. Luke’s Hospital in Chicago during 
a ten-year period, beginning Jan 1, 1961, were reviewed. The ma- 
jority (480) of these patients were 51 to 70 years of age. Seven pa- 
tients were less than 40 years old and five were older than 80. Four 
hundred eighty-swo were male and 140 were female, a ratio of al- 
most 3 to 1 (Fig 1). This series does not include patients who had 
aortoiliac endarterectomy, unilateral bypass originating from the 
aorta, and those wh», in addition to obstructive lesions, were ad- 
mitted with anearysms of the aortoiliac system. 


Accepted for publication Oct 27, 1974. 

From the Department of Cardiovascular-Thoracic Surgery, Rush-Presby- 
teriafi-St. Luke’s Medical Center, Chicago. 

Reprint requests to Rush-Presbyterian-St. Luke’s Medical Center, 1725 
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The most common operation was a bifurcation graft from the 
infrarenal aorta to the common femoral arteries (276 patients). 
The next most common procedure was aorto-bilateral-iliac recon- 
struction (231 patients). In the majority of these patients, the dis- 
tal anastomoses were made end-to-side to the external iliac ar- 
teries. In 109 patients, distal anastomoses were made on one side 
to the external iliac and on the other side to the femoral artery. 
Distal anastomoses were made to both popliteal arteries in two 
patients, to the left popliteal and right iliac in two, to the right 
popliteal and left femoral in one, and to the left popliteal and 
right femoral in another patient. Three hundred eight patients 
had simultaneous sympathectomy primarily because of concomi- 
tant superficial femoral occlusion. 

There were 21 deaths, a hospital mortality of nearly 3%. Two 
patients had acute thrombosis of the entire bifurcation graft 
within 12 days following the operation. Six hundred one patients 
were discharged with functioning grafts. During a follow-up pe- 
riod of one to 11 years, a mean of 5! years, 45 patients returned to 
the hospital because of thrombosis of one limb of the graft. The 
incidence of limb thrombosis was therefore 7.5%, 8% in the males 
and 6% in the females. Late thrombosis of both limbs, either 
simultaneously or successively, was not encountered in this group. 

In 21 (7.5%) of the patients where closure occurred, the bifurca- 
tion graft had been extended to both common femoral arteries. In 
this subgroup, 14 were admitted with occlusion of the left limb 
and seven with occlusion of the right limb of the graft. In eight 
(3.4%) of the patients where the lower anastomoses had been bilat- 
eral iliac, closure occurred. Again, six were admitted with occlu- 
sion of the left limb while two had thrombosis of the right limb of 
the graft. Eight patients had had right femoral-left iliac and four 
patients left femoral-right iliac anastomoses, a total of 11%. 
Again, the thrombosis predominantly involved the left limb, 
whether it was extended to the external iliac or the common fem- 
oral arteries. In two patients, distal anastomoses had been made 
to the popliteal arteries; in two others, the left limb had been ex- 
tended to the popliteal artery; and in all four (75%), the occlusion 
occurred on the left side. The lowest incidence of limb thrombosis 
(3.4%) occurred in 231 patients in whom the entire prosthesis was 
within the retroperitoneal space. The largest incidence, 11%, oc- 
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Fig 1.—Age distribution of patients treated with aortic bifurcation 
graft for arterial occlusive disease. 


curred in a group of patients in whom one limb was anastomosed 
to the external iliac while the other was extended into the femoral 
triangle. It was interesting to note that, when both limbs were ex- 
tended to the femoral arteries, the incidence of limb thrombosis 
was 7.5% and, therefore, lower than the latter group. Of the 45 pa- 
tients under consideration, 25 had had simultaneous sympathec- 
tomy with their first operation because of concomitant superficial 
femoral occlusion. 

The interval between the insertion of the graft and the onset of 
thrombosis ranged from three months to 10% years, with an aver- 
age of 3% years. Comparing the state of the leg after thrombosis 
of the limb with the initial clinical manifestations for which the 
bifurcation graft was performed generally indicated worsening of 
the arterial insufficiency to the affected extremity. Therefore, the 
second operation was carried out in every patient, either because 
of serious claudication or, more commonly, ischemia. 

The operative procedures employed consisted of reconstruction 
of the involved limb in 82 patients, insertion of a new bifurcation 
graft in eight, restoration of flow in the involved limb utilizing 
thromboendarterectomy or other local procedures in three, and ex- 
ploration only in two patients. Concomitant sympathectomy was 
performed in six patients. 


SURGICAL TECHNIQUE 
Reconstruction of the Thrombosed Limb 


In the majority of patients admitted with limb thrombosis, it is 
possible to limit the operation to the affected side (Fig 2). This was 
done in 32 patients, and was accomplished by replacement of the 
clotted limb with an isodiametric tube graft. The successive steps 
of the operation are as follows: First, through an incision in the 
groin, the common femoral artery and a short segment of its two 
branches are dissected free. In patients with concomitant super- 
ficial femoral occlusion, the state of the profunda femoris branch 
is extremely important. In the presence of a satisfactory pro- 
funda femoris artery, reoperation should proceed regardless of 
the state of the superficial femoral artery. If the profunda fe 
moris artery is of poor quality, the assessment of the superficial 
femoral artery, and, if that is occluded, the popliteal artery, be- 
comes extremely important. In patients with superficial femoral 
occlusion and a poor profunda femoris branch, the only alternative 
is that of extension of the graft to the popliteal artery. Because of 
the high incidence of thrombosis of such a long graft, particularly 
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Fig 2.—Translumbar aortogram demonstrating occlusion of left 
limb of an otherwise intact bifurcation graft. Typically there is pa- 
tency of the very initial portion of clotted limb (arrow). Right limb 
had been anastomosed to right common femoral artery. 


on the left side, this operation should only be considered in the 
presence of rest pain or impending loss of the extremity. Fortu- 
nately, in the majority of instances it is possible to reconstruct the 
distal anastomosis at the common femoral level. Under these cir- 
cumstances, through a separate incision parallel and superior to 
the ilioinguinal ligament, the entire limb is dissected free. The 
contralateral limb need not be dissected. The thrembosed limb (if 
it had been anastomosed to the common femoral artery) is divided 
about 1.0 cm proximal to the suture line. No clamps are applied. 
Distally, the thrombus is removed, the intima and the orifices of 
the distal branches are carefully examined, and heparin solution is 
infused into them. 

Similarly the clotted limb is transected approximately 2.0 em 
distal to its origin. This transection is done without the use of 
clamps. Thrombus within the short stump of the limb is loosened 
by blunt dissection. While the surgeon stands ready to occlude the 
limb with tissue forceps, he encourages arterial pressure to flush 
the clot out. At this time a vascular clamp, covered with soft rub- 
ber tubing, is gently applied at the origin of the limb. An iso- 
diametric Dacron tube graft, which had been preclotted, is then 
utilized to restore graft continuity, and thereby flow, to the 
extremity. If feasible, in patients with concomitant superficial 
femoral occlusion, the fourth and third lumbar sympathetic gan- 
glia are removed through the same incision. Several times during 
the operation the contralateral femoral pulse is felt to be sure that 
flow to the opposite side has not been compromised. 

If the thrombosed limb had been anastomosed to the common 
iliac artery, an intra-abdominal approach should be utilized. If the 
distal anastomosis had been made to the external iliac artery, the 
reconstruction procedure described is a suitablé operation. In the 
majority of these patients, the graft is extended to the common 
femoral artery at reoperation. : 

Bifurcation Graft Gay 


In eight patients a second bifurcation graft was inserted, pri- 
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Fig 3.—Translumbar aortogram demonstrating occlusion of left 
limb of bifurcation graft, with propagation of thrombus into body of 
graft substantially narrowing lumen (arrow). 


marily because of technical reasons. These included aortic ob- 
struction above the graft, stenosis of the proximal anastomosis, 
propagation of clot into the body of the bifurcation graft (Fig 3), 
elongation and kinking of the contralateral limb, and development 
of substantial occlusive disease distally. In performing a second 
bifurcation graft, one can leave behind a short cuff of the graft 
beyond the three anastomoses. This is done if the suture lines are 
intact, and particularly when distal anastomoses have been made 
to severely atherosclerotic but patent common femoral arteries. 


Other Procedures 


Three patients had local surgery at the anastomotic site consist- 
ing of endarterectomy and Dacron or venous patch angioplasty. 
These were three in whom obstructive disease at the common 
femoral bifurcation extending into the deep femoral branch was 
considered the cause of limb thrombosis. After completion of an- 
gioplasty, the clotted limb was thrombectomized using a Fogarty 
catheter. 

Two patients had exploration only. In one with superficial fem- 
oral occlusion, the profunda femoris branch was unsuitable for in- 
sertion of a new limb. This patient continues to have claudication, 
buteetains a viabl@ extremity. The second patient had thrombosis 
of the left limb, which had been anastomosed to the popliteal ar- 
tery. Exploration revealed poor runoff, and the patient subse- 
quently had an amputation. It was interesting to note that of four 
pateents who had popliteal thrombosis, all occurred on the left 
side, nine months, ten months, one year, and four years postopera- 
tively. Only in one was it possible to reconstruct the limb. 
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RESULTS . ' 


The second operation was highly successful in 34 pa- 
tients (75%), failed in seven (16%), and was associated 
with four hospital deaths (9%). The failure rate of the ini 
tial bifurcation graft was 3%. The causes of death were 
myocardial infarction, acute renal failure, septicemia, and 
excessive bleeding secondary to coagulopathy. The second 
operation in these four patients consisted of limb recon- 
struction in two and insertion of a second bifurcation 
graft in the other two patients. Of the seven patients in 
whom the operation failed, six had above-knee amputa- 
tions and one required a femoral-popliteal bypass graft. 

There were several operative complications. Two pa- 
tients developed occlusion of the contralateral limb during 
unilateral limb reconstruction. In one, the acutely oc- 
cluded limb was thrombectomized using a Fogarty cathe- 
ter via a small incision in the groin. In the second patient, 
a new bifurcation graft was inserted with good results. In 
both of these patients, avoidable technical errors were the 
causes of embolization. Transection of the ureter occurred 
once in 33 instances of retroperitoneal approach to the 
thrombosed limb. Because of urinary contamination, arte- 
rial reconstructive surgery was abandoned. A ureteral 
catheter was passed, and the operation was terminated. 
Subsequent to the healing of the ureter, the patient had 
successful revascularization. 


COMMENT 


This study was undertaken to determine the incidence 
and the possible etiologic mechanisms of late occlusion of 
one limb of aortic bifurcation graft and to review its man- 
agement. 

In relation to incidence, the following observations were 
made. The most interesting group consisted of 109 pa- 
tients in whom the limbs of the bifurcation graft were 
anastomosed to the iliac artery on one side and the com- 
mon femoral artery on the other side. In this group, 12 pa- 
tients were admitted with thrombosis of the limb. Six had 
been anastomosed to the common femoral and six to the 
external iliac arteries. It should be noted that the majority 
of iliac limb thrombosis occurred on the left side, where 
there seemed to be propensity for a greater rate of throm- 
bosis regardless of the site of anastomosis. To emphasize 
this point, the occlusion of the right limb of the graft, 
when extended to the external iliac artery, occurred far 
less frequently than occlusion of the same limb when it 
was extended to the right common femoral artery. Left 
iliac limb occlusion occurred as often as occlusion of the 
limb extended to the right common femoral artery. These 
observations point to the importance of the adequacy of 
the tunnel to avoid external compression of the graft by 
the mesentery of the sigmoid colon and the possibility of 
improper length or torsion of the graft, which are more 
likely to occur on the left side. Furthermore, the external 
iliac artery has the least propensity for atherosclerotic oc- 
clusive disease and, therefore, it is likely that one would 
use it for distal anastomosis in the presence of advanced 
atherosclerotic changes in the common femoral artery. 
Such distal disease offers a real potential for further de- 


Late Thrombosis/Najafi et al 411 


ne ene ob 






` vi T n À 









ox? ~ i. > Aa cA V di i j 
gus y i Ping: ob ae in f 7 “7 TU 
W~ ) Bs à d f 6 . 
Ar es >: - n RT + os Ñ. 
’ I P 


A SR 
$ . fy we Seki. 





rad 


aa 


= velopment of the occlusive process, and, hence, the occlu- 
= sion of the graft. Careful evaluation of the common fem- 
-~ oral artery and its bifurcation, therefore, is extremely 
= important before the graft is placed entirely in the ret- 
', . roperitoneal space. This assessment can be done by either 
= intraoperative examination of these arteries or careful 
= preoperative angiography or both. A translumbar aorto- 
= gram with delayed x-ray films is particularly important 
= when the patient returns with unilateral limb occlusion. 
= In addition to the assessment of the quality of the distal 
= arteries, it provides delineation of the aorta, the proximal 
anastomosis, the body of the graft, and the patent contra- 
lateral limb. 
= In two instances in this series, aortography revealed 
= substantial elongation and potentially troublesome kink- 
= ing of the initial portion of the functioning limb, which 
= led to the selection of insertion of a new bifurcation graft 
= instead of unilateral limb reconstruction. In another in- 













~ anastomosis with nearly 50% reduction of the lumen of the 
= aorta above the graft. In this patient, the second bifurca- 
tion graft was extended cephalad to obtain a satisfactory 
= proximal anastomosis. This study is particularly impor- 
= tant if the patient returns with recent hypertension. Un- 
_ der these circumstances, a translumbar aortogram is per- 
= formed at the higher level to delineate the renal arteries. 
= In the presence of hemodynamically substantial renal ar- 
~ tery stenosis, reconstruction of this vessel should be taken 
_ into consideration at the time of restoration of flow to the 
affected extremity. 

= Limb thrombosis was invariably associated with clinical 
= manifestations of arterial insufficiency to the affected 
~ limb more serious than those of the extremity prior to the 
= initial operation. Nearly 60% of the patients were ad- 
= mitted with ischemic changes, while the majority of these 
had their initial bifurcation graft for intermittent claudi- 
= cation. The second operation was recommended, either be- 
= Cause of severe claudication or, more commonly, rest pain 
ee and evidence of ischemia. After the translumbar aorto- 
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gram confirms the proper anatomical and functional re- 
sults of the remaining portion of the bifurcation graft, the 
patient is best served by unilateral retroperitoneal resto- 
ration ef flow on the affected side. If the clotted limb had 
been anastomosed to the common femoral artery, this is 
best accomplished by resection of the thrombosed limb, 
except for small stumps at either end, and insertion of a 
new isodiametric graft to restore continuity. In the major- 
ity of patients in whom the thrombosed limb had been 
anastomosed to the external iliac artery, it is necessary to 
extend the graft to the common femoral level. Although 
not utilized in this group, femorofemoral or axillofemoral 
bypass grafts should be considered as alternative means 
of management of this complication when indicated. 

The findings during the second operation play an impor- 
tant role in the selection of the type of reconstructive sur- 
gery to be employed. The surgeon should be flexible in uti- 
lizing one of several available procedures, as long as he 
can suecessfully restore as ample circulation as circum- 
stances permit. The overall results of the second operation 
have been satisfactory, particularly in patients with good 
runoff. 
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Dome-Paste Bandage 


Modified Unna’s Boot 


Encourages healing of skin lesions... 
contributes to patients comfort 


Now a new 3-inch width...easy application for smaller limbs, fewer 
wrinkling problems than with fraying band- 
ages, greater economy. 


[] Also in standard 4-inch width with nonraveling, thread-locked edges. 

L] Both sizes in 10-yard rolls, neutral-colored, rayon-reinforced for strength. 

L Uniformly impregnated with zinc oxide, gelatin, calamine. 

|_| Each roll sealed in a polyethylene bag to : 
preserve freshness. Dome Laboratories 
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e nausea and vomiting | 
associated with postoperative recovery, 
radiation therapy, nitrogen mustard therapy, 
acute situations and various medical conditions 
in which an antiemetic is indicated. 


(Contraindicated in pregnancy, severe CNS depression, comatose states and 
in patients who have demonstrated a hypersensitivity to phenothiazines.) 





A dosage form for each specific adult patient need: 


Ampuls (thiethylperazine) malate injection, 5 mg/cc for IM 
injection only* 








‘Suppositories (thiethylperazine) maleate, 10 mg 





Tablets (thiethyloerazine) maleate, NF 10 mg 


Recommended adult dosage: 10-30 mg daily. 
The appropriate dosage of Torecan has not been determined 
in children. 


“Intravenous administration is contraindicated due to 
the potentiality of severe hypotension. 





Torecan 


thiethyloerazine 





Boehringer Ingelheim 
Boehringer Ingelheim Ltd. 
Elmsford, New York 10523 


< Torecan® (thiethylperazine) | 
Tablets. Sapposiorice and Injection 







Contraindications: Severe CNS depression, 
comatose states, and in patiegts who have 
demonstrated a hypersensitivity to phenothiazines 
(e.g., blood dyscrasias, jaundice). Because 

severe hypotension has been reported after the 
intravenous administration of phenothiazines, this 
route of administration is contraindicated. The 

drug is contraindicated in pregnancy. 

Warnings: Phenothiazines are capable of * 
potentiating CNS depressants as well as atropfne 
and phosphorous insecticides. The drug may 

impair mental and/or physical ability required in 

the performance of potentially hazardous tasks 

such as driving a car or operating machinery. 
Postoperative Nausea and Vomiting: When used 

to control postoperative nausea and vomiting in 
patients undergoing elective surgical procedures, 
restlessness and postoperative CNS depression 
during anesthesia recovery may occur. Possible 
postoperative complications of a severe degree of 
any of the known reactions of this class of drug 

must be considered. Postural hypotension may 

occur after an initial injection, rarely with the 

tablet or suppository. Do not use with epinephrine 

in the treatment of drug-induced hypotension as 
phenothiazines may induce a reversed epinephrine 
effect. The most suitable vasoconstrictor agents 

are levarterenol and phenylephrine. The use of 
Torecan has not been studied following intra- 
cardiac and intracranial surgery. Not recom- 

mended for use in children under 12 years of age, 

or in nursing mothers since safety and efficacy 

have not been established. 

Precautions: Convulsions and abnormal move- 
ments such as extrapyramidal symptoms have 
occurred. The varied extrapyramidal symptom 
complex is more likely to occur in young adults 

and children. Extrapyramidal effects must be 

treated by reduction of dosage or cessation of 
medication. For treatment of nausea and/or 

vomiting associated with anesthesia and surgery, 

the drug should be administered by deep intra- 
muscular injection at or shortly before the 
termination of anesthesia. 

Adverse Reactions: CNS: convulsions, extra- 
pyramidal symptoms such as dystonia, torticollis, 
oculogyric crisis, akathisia and gait disturbances, 
occasional cases of dizziness, headache, fever 

and restlessness have been reported. 

Drowsiness may occur initially on injection but is d 
usually alleviated by a reduction in dosage, : 
Dryness of the mouth and nose, blurred vision, a 
tinnitus; sialorrhea and altered gustatory sensa- + 
tion. Peripheral edema of the arms, hands and 

face. Cholestatic jaundice; cerebral vascular 

spasm and trigeminal neuralgia have been 

reported occasionally. The following have occurred v! 
with phenothiazine derivatives and should be "SA 
considered: agranulocytosis, leukopenia, W 
thrombocytopenia, aplastic anemia, pancytopenia, 
eosinophilia, leukocytosis; miosis, obstipation, 
anorexia, paralytic ileus; erythema, exfoliative 
dermatitis and contact dermatitis; jaundice, biliary 
stasis. Hypotension, rarely leading to cardiac 
arrest; ECG changes. Akathisia, agitation, motor 
restlessness, dystonic reactions, trismus, torti- 
collis, opisthotonos, oculogyric crises, tremor, 
muscular rigidity, akinesia, some of which have 
persisted for several months or years especially 

in patients of advanced age with brain damage. 
Menstrual irregularities, altered libido, gyneco- j 
mastia, weight gain; false positive pregnancy j 
tests. Urinary retention, incontinence; fever, 

laryngeal edema and angioneurotic edema, asthma. 
Hyperpyrexia, behavioral effects suggestive of a 
paradoxical reaction, including excitement, bizarre 
dreams, aggravation of psychoses and toxic i 
confusional states. ECG changes. While there is 

no evidence that ECG changes are in any way 
precursors of any significant disturbance of 

cardiac rhythm, sudden and unexpected deaths 
apparently due to cardiac arrest have been 

reported in a few instances in hospitalized 

psychotic patients previously showing character- 

istic ECG changes_A peculiar skin-eye syndrome, 

which is marked by progressive pigmentation of 

areas of the skin or conjunctiva and/or accom- 

panied by discoloration of the exposed sclera and 
cornea, has also been recognized as a side effect 
following long-term treatment. Opacities of the 

anterior lens and cornea described as irregular or 
stellate in shape have also been reported. 

Drug Interactions: Phenothiazines are capable of 
potentiating CNS depressants (e.g., anesthetics, 4 
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opiates, alcohol, etc.) as well as atropine and 4) 
phosphorous insecticides. The drug may induce a | 
reversed epinephrine effect on occasion. d 


For complete details, please see full prescribing 
information. 
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A Chemosterilized Antigen-Extracted 








Marshall R. Urist, MD; Andrzej Mikulski, PhD; Stuart D. Boyd 


Limited chemical extraction of hydrophobic glycopeptides and 
subtotal autodigestion of the donor’s cells and plasma membranes in 
undemineralized cortical bone in vitro reduces the putative quantity 
of haptenic substances absorbable by the recipient. lodoacetic acid 
and sodium azide or other sulfhydryl group enzyme inhibitors added 
to the buffer solutions during in vitro autodigestion and extraction of 
intracellular alloantigens protects the bone matrix morphogenetic 
property against enzymatic degradation. The delayed hypersensi- 
tivity reaction induced by aseptically collected freeze-dried bone 


_ and the destruction of the bone morphogenetic property caused by 


radiation-sterilization is avoidable by sequential chemodigestion and 
chemosterilization of bone that preserves the maximum morpho- 
genetic potential while transferring a minimum quantity of alloanti- 
gen. 


bservations on the bone morphogenetic property in ex- 
perimental animals suggest that present methods of 
preparation and sterilization of allogeneic bone for bone 
banks are unsatisfactory. Aseptic collection and freeze- 
drying pose difficult sampling problems for monitoring 
sterility and, even more important, preserve undesirable 
neutral proteases and transplantation antigens. Neutral 
proteases degrade the bone matrix morphogenetic prop- 
erty.’ Freeze-dried bone is antigenic and incites a de- 
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i Autodigested Alloimplant for Bone Banks 


layed-type hypersensitivity reaction that envelops the do- 
nor tissue in a fibrous scar.” 

Radiation-sterilization, the one alternative method of 
preparation of bone for bone banks, is biologically ob- 
jectional on two counts: (1) Radiation-sterilization re- 
quires doses of cobalt 60 (°°Co) in excess of 3.0 megarads, 
which, by means of excitation transfer, releases sufficient 
energy to destroy the morphogenetic property of the bone 
matrix.’ (2) Doses of 3.0 megarads of ®Co radiation nei- 
ther eliminate transplantation antigens nor inactivate 
degradative proteolytic enzymes. 

The experiments described below present a method of 
removal of soluble haptenic glycopeptides from bone with- 
out inactivation of the bone morphogenetic property in 
the organic matrix. The basic principles of chemical ex- 
traction and characterization of transplantation antigens 
in spleen, liver, kidney, and other tissues, outlined by 
Reisfeld and Kahan’ and Manson,” are (with very few op- 
erational modifications) applicable to bone. The test for 
bone morphogenetic property is the differentiation of 
somatic mesenchymal cells into bone in response to the 
matrix residue. After chemical extraction of transplanta- 
tion antigens, the residue is either implanted in the rat 
muscle pouch for 28 days for measurement of yield of new 
bone ash per gram of dry weight,’ or explanted as a sub- 
stratum for outgrowth of muscle mesenchymal cells in*tis- 
sue culture.’ 


MATERIALS AND METHODS 
Aseptically Collected Freeze-Dried Bone Span 


For control preparations for the experiments to follow, the long 
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vacuum-sealed glass containers 





Table 1.—Chemosterilization Associated With Extraction of Lipids and Transplantation Antigens 





Steps of Solutions & 
Procedure Preservation Measures Temperature, C Hours Purpose 
1 1:1 chloroform methanol 25 4 Extract lipids, cell membrane lipoproteins 
including antimorphogenetic s 
hydrophobic glycopeptides z 
2 0.1M phosphate buffer, pH 37 72 Endogenous intracellular and 
7.4, containing 10 millmols/ extracellular enzymatic autodigestion of 
liter iodoacetic acid and 10 transplantation antigens with preservation 
millimols/liter sodium azide of bone morphogenetic protein by 
sulfhydryl group enzyme inhibitors 
3 0.6N hydrochloric acid 2 24 Extract acid-soluble proteins 
and demineralize matrix 
4 Freeze-drying =R 24 Dehydrate and preserve residual proteins, 
including bone morphogenetic protein 
5 Double plastic envelope in 25 Prevent rehydration and 

















chemical deterioration 


Table 2.—Inhibition of Morphogenetic Response and Delayed Hypersensitivity Reactions to Nonviable Allogeneic and 
Xenogeneic Cortical Bone Implants 


No. of Implants 
With Deposits 
of New Bone 


28/30 


Preparation 

Sequential extraction 
measures (Table 1) 

Same as above, without iodoacetic 
acid or sodium azide 

1:1 chloroform-methanol 1/10 
fixation extraction 

Freeze-dried fixation, 2/10 
—70C 

Freeze-dried fixation, 0/40 
0.1 to 4.0 megarads 
69Co radiation 

Frozen bone, —30 C 1/10 


3/50 


Autologous, fresh bone 10/10 


Allogeneic fresh bone 


4/10 


Xenogeneic (human) bone 6/10 
prepared by measures 
in Table 1 


Xenogeneic (human) 
control freeze-dried bone 


0/20 


* O to 4+ scale of Bonfiglio et al.? 


bones of ten Sprague-Dawley rats were excised under aseptic con- 
ditions. The diaphysial sections were washed free of marrow and 
blood in cold water, immersed in liquid nitrogen (—195 C) for 15 
minutes, freeze-dried at —70 C, frozen at —30 C or 4 C, or ®Co ra- 
diated, or denatured in 70% alcohol and implanted in an adult re- 
cipient for four to six weeks. Another ten bones were treated as 
described above, but extracted with chloroform-methanol 1:1 for 
four hours before freeze-drying. For nonbiological mechanical 
control implants of equivalent volume, samples of acrylic cement 
(three CMW and three Simplex P) were tested in intramuscular 
and subcutaneous pouches in the same recipients. 


( Chloroform-Methanol Extraction of 
Lipids and Transplantation Antigens 
. e 
Fifty segments of undemineralized cortical bone after limited 
extraction with chloroform-methanol (four hours) were auto- 
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Collections of Inflammatory 
Round Cell per Low 
Power Field* 


Observations 


Microossicles overlying and 

filling selected old channels 
Small deposits of new cartilage in 

2/50; scanty deposits in 1/50 impants 
Small deposit of cartilage 

and bone in one old vascular channel 


Small deposit of cartilage 
only in one old vascular channel 
Numerous dense collections of 
chronic inflammatory round cells 


Irregular patches of chronic 
inflammatory round cells 

Small deposits of cartilage and 
bone within and around transplant 

Extensive infiltration of chronic 
inflammatory round cells 

Small deposits of cartilage and 
bone interspersed with chronic 
inflammatory round cells 


Sterile abscess 





digested in phosphate buffer solutions, pH 7.4, for three days to 
solubilize transplantation antigens,” freeze-dried, and finally 
doubly wrapped in plastic envelopes for storage (Table 1); 50 con- 
trol samples were incubated with iodoacetic acid and sodium azide 
in the same buffer solution but otherwise processed by the same 
steps. 

Fifty samples of undemineralized cortical bone weighing 10 gm 
were also extracted with chloroform-methanol by the method of 
Kandutsch and Stimpfling’® modified by Mikulski and Urist" for 
isolation and purification of a bone transplantation antigen, clas- 
sified as hydrophobic glycopeptide. The molecular weight of the 
glycopeptide, established by filtration on a fractionating column 
(Sephadex G-100) and calibrated dialysis, is approximately 5,000 
daltons. Preliminary analyses demonstrate a peptidic and car- 
bohydrate component suggestive of a glycopeptide type of mole- 
cule. The purified hydrophobic glycopeptide, 10ug/mg of insoluble 
bone gelatin” in a sterile solution of phosphate buffer at 37 C, re- 
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Table 3.—Yield of New Bone From Implants of Undemineralized Bone Pretreated With Artificial Chemical Enzyme Inhibitors 


A Concentration, Incidence, Cartilage or Bone per % Total Intercepts, per 
Inhibitor Millimols / Liter Donor % Islands Low-Power Field Grid Lines 0.5 sq mm 
Potassium Ah Dog 0 0 0 
phosphate buffer Guinea pig 
controls, pH 7.4 Rat 
lodoacetic acid 3 Dog 50 6 31.4 
Guinea pig 82 5 30.4 
Rat 70 2 11.0 
ee ee i ee ee ee eee ee eS Ee 
lodoacetic acid 3 Human and 31 2 21.8 
steer in 53 5 30.0 
xenogeneic 
rat 
—_—__ 2... a r r ssSSSSSSSS 
lodoacetamide 3 Rat 80 3 28.9 
N-ethylmaleimide 3 Rat 80 7 40.6 
e-aminocaproic acid 100 Rat 0 0 0 
TPCK 3 Rat 0 0 0 
Phenylmethyl sulfonyl fluoride 3 Rat 30 1 5.0 
Sodium azide 10 Rat 80 2 16.5 
p-chloromercuribenzoate 1 Rat 70 1 8.8 
p-chloromercuribenzoate 1+2 Rat 0 0 0 
+ cysteine 
Thimersol 2.5 Rabbit 60 1 6.5 


Benzalkonium chloride 


combined with bone matrix in vitro within 24 hours (and extin- 
guished bone yield). Buffer control solutions without hydrophobic 
glycopeptide, with the same quantity of insoluble bone gelatin, in- 
variably produced 400 to 500 mg new bone ash per gram of pre- 
implanted residue.” 


Bone Tissue Autodigestion With and 
Without Sulfhydryl Group Enzyme Inhibitors 


Cortical bone from the midshaft of the long bones of adult 
Sprague-Dawley rats was excised aseptically and transferred im- 
mediately to a sterile buffer solution consisting of either 0.1M so- 
dium citrate-citric acid, pH 3.6, or 0.1M sodium acetate-acetic acid, 
pH 5.0, or 0.1M potassium phosphate (dibasic-monobasic mixture), 
pH 7.4, containing 10 millimols/liter of iodoacetic acid and 10 mil- 
limols/liter of sodium azide at 37 C for 72 hours. For controls, 


samples of cortical bone were incubated in the same buffer solu- 


tion under the same conditions without iodoacetic acid or sodium 
azide. Iodacetic acid and sodium azide were selected because ei- 
ther one alone produced a lower value of percent inhibition than 
the combination of the two.’ 

Duplicate experiments were performed on cortical bones either 
undemineralized or demineralized at 2 C in 0.6N hydrochloric acid 
to extract acid-soluble proteins and increase the rate of efflux of 


autodigested tissue protein. The buffer solutions, with and without 


the addition of an enzyme inhibitor, after incubation with samples 
of bone, 100 mg bone per 10 ml solution, were analyzed for calcium 
by atomic absorption spectrophotometry, and for inorganic phos- 
phorus by the procedure of Fiske and Subbarrow."* The pH was 
measured by a glass electrode. 


Autodigestion of Radioisotope-Labeled Bone Tissue 


Measurements of the efflux of noncollagenous proteins by auto- 
lytic digestion were made on samples of cortical bone labeled with 
tritiated tryptophan and *S-cysteine. Neither of the two amino 
acids are present in bone collagen, but both are ubiquitous compo- 
nents of cellular and intercellular noncollagenous proteins. Non- 
collagenous proteins of cortical bone were labeled by injecting 
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three weanling rats with 0.15 millicuries of tritiated tryptophan 
and three weanling rats with 0.15 millicuries of *°S-cysteine daily 
during the period of rapid growth from 28 to 56 days of age. The 
long bones were excised, demineralized in 0.6N hydrochloric acid 
for 24 hours to remove mineral and acid-soluble proteins, trimmed 
to remove spongiosa, washed in cold water to remove marrow, and 
lyophilized for storage. Ten segments of the labeled diaphysial 
cortical bone, 3 mm in length, 50 mg in weight, were demineral- 
ized in 0.6N hydrochloric acid at 2 C and then incubated in three 
different buffer solutions: citrate, pH 3.6; acetate, pH 5.0; phos- 
phate, pH 7.4. The bone-matrix-to-buffer-solution ratio by volume 
was approximately 1:10. The radioactive isotope-labeled fraction 
of bone lost from the bone was determined by hydrolyzing the 
matrix in 12M hydrochloric acid, evaporating the hydrolysate to 
dryness in 1 ml of water. Aliquots of 0.2 ml were placed in count- 
ing vials, dioxane naphthalene and butyl PBD cocktail added, and 
counted in a liquid scintillation counter and analyzed in tripli- 
cate. Additional samples were examined by histologic, auto- 
radiographic, and calcium analyses to correlate release of radio- 
active isotope-labeled proteins and morphological histolysis with 
bone yield measured by methods described previously.’*” 


Xenogeneic Bone Implants 


Diaphysial cortical bone, approximately 1.6 cu mm in volume, 
freshly excised from hybrid guinea pigs, mongrel dogs, commer- 
cial beef steers, and human autopsy specimens were scraped clean 
of all soft tissue and prepared for implantation in rats by the 
methods outlined in Table 2. For controls, similarly prepared al- 
loimplants, including untreated control implants, were tested in 
quadruplicate in 50 recipient rats, 16 guinea pigs, and eight dogs. 
Human and bovine bone preparations were adso tested in tripli- 
cate in 24 rats. The autodigestion procedure was*carried out in the 
phosphate buffer solution containing one of the 11 different en- 
zyme inhibitors in concentrations listed in Table 3. The dose re- 
sponse of bone matrix to thimerosal (Merthiolate) and ken- 
zalkonium (Zephiran) chloride to bone yield were measured in 
terms of bone yield. The response of bone matrix to five common 


Alloimplant for Bone Banks/Urist et al 








Fig 1.—Small, deep-staining round cells characteristic of delayed- 
type hypersensitivity response beneath and along surface of asep- 
tically collected freeze-dried undemineralized cortical bone three 
weeks after implantation in muscle pouch in allogeneic rat. Acellu- 
lar old bone, B; envelope of chronic inflammatory tissue, H; muscle, 


antibiotics were determined for comparison. 


Pulverized Alloimplants 


In an effort to increase the cortical bone surface area and obtain © 


more quantitative extraction of transplantation antigens, rat 
diaphyses were pulverized and prepared as described in Table 1, 
and by the method of Huggins et al and Reddi and Huggins." 
The bone was pulverized in a liquid nitrogen freezer-mill (Spex) 
for periods of one, two, three, five, and ten minutes. The mill pro- 
duced particles varying from 5,000 to 100 cu p in size; 100-mg sam- 
ples of each size of particle were lyophilized and implanted in 
gelatin capsules in triplicate in muscle pouches in allogeneic recip- 
ients for four weeks. Identical experiments were performed with 
powders incubated in iodoacetic acid, 2 millimols/liter at 25 C for 
one hour, with phenylmethylsulfonylfluoride, 2 millimols/liter, and 
with both iodoacetic acid and phenylmethylsulfonylfluoride in 
phosphate buffer, pH 7.3. 


Histological and Histometric Methods 


The experimental and control preparations were implanted in 
contralateral muscle pouches in the anterior abdominal muscles of 
allogeneic adult recipients. Samples of each preparation were 
fixed in 10% formalin and examined by light and electron micros- 
copy to estimate the quantity of intracellular material retained 
in the tissue before implantation. Unfixed samples of each prepa- 
ration were implanted, excised at intervals of four, six, and eight 
weeks after the operation, and examined by roentgenographic 
and histological methods described in previous articles.'**’ Sec- 
tions were stained in hematoxylin-eosin and azure II, and quan- 
tity of new bone was estimated by the number of new bone 
islands per low-power field in nine serial sections and histo- 
metrically by the intercept technique. The delayed hyper- 
sensitivity reaction {histoincompatibility) was estimated by the 
relative value scaleof Bonfiglio et al? and by counting collections 
of lymphocytes per low-power field three and six weeks after im- 
plantation in muscle in allogeneic rats. 


Electron Micrographic Methods 


Electron micrographs were prepared of samples of matrix, 1 cu 


ld 
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mm, before and after histolysis in phosphate buffer, and stained 


with aqueous uranyl acetate followed by lead citrate, or with 5% — 


phosphotungstic acid, or with 0.5% bismuth nitrate in 0.1N nitric 
acid. 


RESULTS r 


In allogeneic recipients, aseptically collected freeze- 
dried undemineralized bone implanted in muscle in- 
variably produced an infiltrate of small round cells in allo- 
geneic recipients (Fig 1). When the donor tissue consisted 
of cortical bone extracted with chloroform-methanol, the 


round cell infiltrate was almost nil; scanty deposits of 
bone and islands of cartilage developed in one out of ten 


implants. Similar islands of cartilage or bone were pro- 


duced by unextracted freeze-dried bone implants, but the- 3 


implants were infiltrated with streams of small, deeply 
stained, round cells. Cortical bone either frozen at —30 C 
for 24 hours, or freeze-dried, or radiation-sterilized, or 
freshly transplanted, warm and viable, similarly produced 
scanty deposits of bone or cartilage in the interior of the 
implant surrounded by an infiltrate of small round cells 
with densely stained nuclei. Acrylic implants of compa- 
rable size and shape produced no round cell infiltrate, new 
bone, or cartilage. 


Recombination of Bone Transplantation Antigens 
(Hydrophobic Glycopeptides) With Insoluble Bone Gelatin 


Ten samples of insoluble bone gelatin, which produce 
500 mg of new bone per gram of preimplanted dry sub- 
stance, were incubated in phosphate buffer, pH 7.4, con- 
taining purified transplantation antigen hydrophobic 
glycopeptide in quantities of 10ug/mg of a bone morpho- 
genetic preparation of insoluble bone gelatin’? for one day 
and four days at 37 C. The hydrophobic glycopeptide was 
prepared by the procedure diagramed by Mikulski and Ur- 
ist." The recombinants consisting of hydrophobic glyco- 
peptide and insoluble bone gelatin were implanted in 
muscle with control preparations incubated without hy- 
drophobic glycopeptide. Three to four weeks later, the 
bone gelatin-hydrophobic glycopeptide implants were al- 
most completely resorbed and replaced by pools of small 
infiltrating cells characteristic of the delayed-type hyper- 
sensitivity response (Fig 2 and 3), while the control im- 
plants produced large deposits of bone and bone marrow. 
Thus, in highly purified form, the recombinant hydro- 
phobic glycopeptide-induced formation of a blockade of 
blood-borne round cells preventing both ingrowth of mes- 
enchymal cells and differentiation of new bone. 


Chloroform-Methanol Extracted Undemineralized Bone 


Islands of new bone developed in 28 out of 30 implants 
of chloroform-methanol extracted bone incubated with 
sulfhydryl group enzyme inhibitors. The bone formed in 
small deposits wherever old vascular channels were pene- 
trated by new capillary sprouts and perivascular connec- 
tive tissue cells, and grew in the interval between four 
and six weeks postimplantation. The location of the bone 
morphogenetic response was different in the rat, in which 
Haversian systems are absent, from the dog or guinea pig, 
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Fig 2.—Top, Implant of recombinants in Fig 3 showing complete 
resorption of old gelatin and replacement by small round cell de- 
layed-type hypersensitivity response four weeks postoperative. Bot- 
tom, Insoluble bone gelatin incubated without hydrophobic glyco- 
peptide but same buffer solution as implant in Fig 2, top, four 
weeks after implantation. Insoluble bone gelatin, G; new bone, B; 
muscle, M; new bone marrow, R. 
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in which Haversian vascular channels are more numerous. 
In the rat, bone deposits developed not only as strictly ap- 
positional deposits in layers inside of resorption cavities, 


1,000u in diameter and were sometimes attached by con- 
nective tissue pedicles to cells lining a vascular channel. 
The development of microendostoses exclusively on, the 


but also as microendostoses covering openings of medul- 
lary vascular channels. These deposits measured 200, to 
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endosteal surfaces, where vascular channels are wide and 
where bone-remodeling and bone-building surfaces are 
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Fig 3.—Top, Implants of insoluble bone gelatin in anterior abdom- 
inal wall, preincubated with one of five different fractions of chloro- 
form-methanol of extraction of transplantation alloimplants. Note 
that only fraction | extinguished bone yield. Other four fractions, in- 
cluding control implant incubated in same buffer but without any 
fraction of extract, produced radiopaque deposits of bone (validated 
by histological methods). Bottom, Same results in duplicate prepa- 
ration of six implants in anterior abdominal muscle wall of another 
adult allogeneic rat four weeks after implantation. 


relatively active, suggested that the process may have 
originated from areas of the incompletely mineralized 
newly deposited bone matrix. Figure 4 illustrates typical 
deposits of microendostoses from endosteum lining mar- 
row cavity and vascular channels. In guinea pigs and dogs, 
new bone deposits generally grew inside of resorption 
cavities in old Haversian canals. The quantity of new bone 
was grossly proportional to the volume and numbers of re- 
sorption cavities in old matrix. 

Small infiltrates of round cells were visible by the third 
week, but almost no inflammatory cells were noted by the 
sixth week on or beneath surfaces of any of the implants 
of autolysed allogeneic bone derived from any of the 
above-named species. New bone occurred nine times more 
frequently when iodoacetic acid and sodium azide were 
present during the autodigestion process than when bone 
was incubated in phosphate buffer without the enzyme in- 
habitors. In the latter group, the implants produced only 
small amounts of new cartilage in two instances or scanty 
depésits of bone jh one instance and in only three out of 50 
implants. 


Autodigestion of Transplantation Antigens With 
° and Without Sulfhydryl Enzyme Inhibitors 


The stainable chemical and physical components of bone 
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cells, preserved by freeze-drying were, tô a considerable 
extent, autodigested in vitro in a neutral phosphate 0.1M 
buffer solution, pH 7.4, at 37 C. Except fer remnants of 
plasma membrane visible only in electromicrographs, the 
osteocyte lacunae were almost entirely emptied in vitro 
before the bone was implanted in an allogeneic recipieħt. 
Similar autodigestion of osteocytes and other cells and 
dissemination of nucleocytoplasmic proteins occurred also 
in vivo within 48 hours after freeze-dried allogeneic bone 
was implanted in muscle. Even fresh autograft and allo- 
graft controls also had empty lacunae within the same pe- 
riod of time after transplantation. 

Acetate buffer, pH 5.5, produced karyorrhexis (frag- 
mentation of nuclei), while citrate buffer, pH 3.6, 
preserved the nucleocytoplasmic structure of osteocytes. 
Thus, acidic conditions preserved the nucleocytoplasmic 
structure of osteocytes; indeed, acidic solutions preserved 
and retained hematoxylin-stainable basophilic substances 
in bone in situ, while physiologic conditions, either in buf- 
fer solutions in vivo or in body fluids in vivo, degraded 
and disseminated the cellular components of the donor. 
The small quantity of electron micrographic-demonstrable 
lacunar debris that was retained suggested that, while the 
mineral did not prevent endogenous digestion of osteo- 
cytes, it may have retarded efflux of the end products of 
autolysis and extraction of solubilized material. 


Preliminary Demineralization 


The lacunar spaces were always more completely emp- 
tied in demineralized than undemineralized bone after in- 
cubation in neutral buffers. Thus, while cold 0.6N hydro- 
chloric acid itself did not lyse bone cells, either surface or 
total demineralization accelerated extraction of acid-sol- 
uble intracellular and extracellular substances and led to 
more complete efflux of digested substances from the 
dense extracellular structure of cortical bone. 

Demineralized acellular bone produced by autodigestion 
in the buffer solutions of iodoacetic acid and sodium azide 
was resorbed and replaced beginning on the eighth day 
after implantation. The quantity of bone progressively in- 
creased in proportion to the mass of the preimplanted 
matrix until the 28th day after implantation (Fig 5, top). 
The old matrix did not recalcify, except in selected sites in 
juxtaposition to new bone (Fig 5, bottom). 


Radioisotope-Labeled Bone Matrix 


Cortical bone obtained from rats injected with tritiated 
tryptophan or *’S-cysteine during a period of rapid growth 
produced autoradiographs with 50- to 100-gm counts per 
high-power field homogenously distributed over both cells 
and matrix. The*bone was incubated in buffer solutions of 
three different levels of pH. The bone was demineralized 
in 0.6N hydrochloric acid for 24 hours prior to incubation 
to increase the rate of influx and efflux of soluble sub- 
stances and measure new bone yield from implants of his- 
tolysed bone matrix. The release of tritiated tryptophan 
or *°S-cysteine from bone matrix demonstrated the strik- 
ing effect of neutral pH on dissolution of soluble nu- 
cleocytoplasmic proteins. At pH 3.6, the buffer solution re- 
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leased was 45% of tritiated tryptophan, while at pH 5.0, 
27% of the radioactivity was released with little or no re- 
duction in bone yield. At pH 7.4, the buffer released 100% 
ot the radioactivity, with reduction of nearly 95% of the 
bone yield. Under the same conditions, producing a release 
of approximately the same quantity. of radioactive con- 
stituents, iodoacetic acid and sodium azide prevented loss 
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Fig 4.—Top, Microendostosis with endosteal envelope of cells, 
covering old vascular channel in implant of autolysed bone eight 
weeks postimplantation. Bottom, Another area of implant in Fig 4, 
top, showing new osteocytes in twin microendostoses at bifurcation 
of old vascular channel. Fibrous connective tissue pedicle, F; acellu- 
lar alkylated old implanted matrix, |; new bone, B. 





od 


of 80% of bone yield. Release of substantial quantities of 
*°S-cysteine occurred in citrate buffer, pF, 3.6, but in gen- 
eral, the relationship to autolysis and bone yield were fhe 
same as with tritiated tryptophan (Fig 6 and 7). 
Implants of the above-described samples of bone matrix 
autodigested in neutral phosphate buffer solutions pro- 
duced low or no yields of new bone. Implants preincubated 
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Fig 5.—Top, Implant 0.6N hydrochloric 
acid, 2 C, demineralized bone matrix 28 
days after implantation. New bone, B; im 
wi ; ` planted matrix, |; fibrous connective tissue 
at, toes | i | i 4 without any small round cell infiltrate, F. 
yi NAN m oe s >. Bottom, Interfaces between autolysed de- 
y ; fi | mineralized accellular implanted matrix and 
earliest deposits of new bone. Recalcifica- 
tion of old matrix occurs only at line of con- 
tact with newly calcifying deposits of bone. 
Microvesicles, MV; clusters of apatite in 
areas between young osteocytes and osteo- 
blasts, A. 
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in the same buffer containing iodoacetic acid and sodium 


e a azide, with the same or even more complete autocytolysis, 


t 
‘ 


produced high yields of new bone. Thus, while auto- 


= digestion and total dissemination of soluble basophilic 


Hie. 


nucleocytoplasmic constituents was not prevented by io- 
doàcetic acid and sodium azide, these enzyme inhibitors 
prevented degradation of an insoluble morphogenetic 


_ property of bone. Similar prevention, as determined by 


high yields of a new bone, was notable in bone pre- 
incubated in acidic buffers, even in the absence of enzyme 
inhibitors. 

Both bone morphogenetic response and stainable nucle- 
ocytoplasmic substances were retained in implants pre- 
incubated in acidic buffers, but a cause and effect rela- 


_ tionship between the two was not apparent. Without 


pretreatment with enzyme inhibitors, buffer-incubated 
bone lost osteocyte nuclei within hours after implantation 
in vivo and by the third to the sixth week produced only 
inflammatory round cells. 

In allografts and autografts, either fresh or freeze- 
dried osteocytes rapidly disappeared from the implant, 
but while both had empty lacunae, only fresh autologous 


= bone produced a substantial quantity of new bone. Allo- 

-geneie bone produced mainly chronic inflammatory tissue 
- and fibrous connective tissue. Because osteocytolysis elim- 
~ inated the donor’s bone tissue as a source of surviving or 
proliferating osteogenetic cells, such small deposits of new 
_ bone as developed from fresh cortical bone transplants 

could have formed only from surviving surface layers of 
_ preosteoblasts or osteoblasts supplemented by the mor- 


phogenetic response of migratory cells into the structure 


y of the bone matrix. 


Xenogeneic Bone 


The product of bone autodigested with and without en- 


= zyme inhibitors in xenogeneic recipients was chiefly carti- 


lage. The deposits were always small in volume and al- 
ways enclosed in numerous large collections of chronic 
inflammatory cells. New cartilage, and occasionally a spic- 
ule of new bone, developed in small pockets deep in the 


interior of the implant. In 31% of the sections of human | 


and 53% of the sections of bovine bone incubated in neu- 


= tral buffers containing 3 millimols/liter of iodoacetic acid, 
_ before implantation in rats, about one third of the inter- 


cepts of a 0.5-mm grid overlay a small island of cartilage. 
Enzyme Inhibitors 


Table 3 demonstrates the response to allogeneic and xe- 


= nogeneic preparations obtained with buffered solutions of 


various enzyme inhibitors. In rats, guinea pigs, and dogs, 
undemineralized bone incubated in buffer solutions with- 


= outan enzyme inhibitor produced very little, if any, depos- 


- its of new bone. No substantial quantity of bone mineral 


was solubilized by the buffer solution, either with or with- 
out the inclusion of enzyme inhibitor. The concentration 


of calcium in both solutions was only 0.3 to 0.6 milli- 
_ mols/liter. Thus, such organic matrix as was exposed to 


these solutions was chiefly undemineralized. Little or none 
demineralized during autodigestion because quantitatively 


424 = Arch Surg/Vol 110, April 1975 


ee 
Oo 
x 
_ 
oS 
w 
=a 
x 
_ 
oO 
an 


Incomplete 
Osteolysis 


w 

x 

35 S 
CPM `` S-Cysteine, gm/Matrix NN 


Wa 


x< 
5 
pn 
wow 
= 
=, 
E 
oo 
-3 
wo 
= 
a 
oO 
_ 
a 
= 
me 
a] 
wo 
per 
© 
= 
= 
_— 
= 
a 
oO 


> 





Fig 6.—Hematoxylin-stainable substances in osteocyte lacunae 
and quantities of radioactivity from tritiated tryptophan- and *S- 
cysteine-labeled bone matrix released into buffer solutions of three 
different levels of pH. Note that acidic levels of pH retain, while the 
physiologic or neutral levels release, basophilic-stainable cellular el- 
ements. These data suggest that endogenous enzymatic digestion, 
activated by neutral pH at 37 C, removes donor cells in vitro, and re- 
duces quantity of potentially antigenic material that can be ab- 
sorbed from implanted tissue by recipient in vivo. 


the concentration of calcium was only that to be expected 
from an equilibrium established between the calcium in 
the solid and solution phases. 

About 82% of the histolysed-iodoacetic acid treated allo- 
geneic implants produced new bone in guinea pigs. Using 
an eyepiece grid (two lines per square millimeter) on se- 
rial sections of each implant to estimate the number of 
bone islands per low power field, new bone deposits were 
found at 30.4% of the total intercepts. The incidence of 
histometric values were 71% and 11%, respectively, in rats. 
The incidence was lower in dogs than in rodents, but the 
quantities were very small and comparable. 

After incubation in a selection of one of seven different 
enzyme inhibitors, allogeneic rat cortical bone prepara- 
tions produced a higher incidence and yield from the sulf- 
hydryl group than other enzyme inhibitors. lodoacetamide 
and N-ethylmaleimide alkylated matrix produced yields of 
new bone slightly higher than iodoacetic acid. Other 
artificial chemical enzyme inhibitors had no or slight ef- 
fects; e-aminocaproic acid and N-tosyl-L-phenylalanine 
chloromethyl ketone (TPCK) treated matrix produced no 
new bone. Phenylmethylsulfonylfluoride altered the 
matrix enough to produce only scanty deposits of new 
bone, while sodium azide altered the bone constitutents so 
as to produce a moderately high yield of new bone. Th 
chloromercuribenzoic acid had a favorable effect on con- 
stituents responsible for bone yield that was reversible 
with cysteine (10 millimols/liter). Thimerosal had about 
the same effect as p-chloromercuribenzoic acid. Ben- 
zalkonium chloride, a cationic detergent used for its high 
bacteriocidal and bacteriostatic properties, completely ex- 
tinguished the bone matrix morphogenetic response. 
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Fig 7.—Rate of release of tritiated tryptophan (expressed in 
counts per minute per gram of matrix) by donor tissue in first 24 
hours is same in buffer solutions with and without iodoacetic acid, 
but implants of matrix residue produce new bone only if solution 
contains iodoacetic acid when pH is neutral. lodoacetic acid may 
prevent endogenous degradation of insoluble extracellular bone 
morphogen, but not nucleases and other enzymes capable of digest- 
ing tryptophan-containing tissue proteins. 


Bacteriocidal Agents 


The remarkable difference in bone yield from bone 
matrix and bone matrix gelatin treated with two chem- 
ically distinct groups of bacteriocidal agents, was 
demonstratable by experiments with solutions of 0.01, 
0.10, 1.0, and 2.5 millimols/liter of thimerosal, and 0.63, 6.3, 
63.0, and 150.0 millimols/liter of benzalkonium for 24 
hours. Concentrations of benzalkonium as low as 0.63 mil- 
limols/liter, either at 0 or 25 C, reduced bone yield to in- 
significant levels. Concentrations of thimerosal as high as 
2.5 millimols/liter had relatively slight effeets at 25 C, but 
at 37 C this organic mercurial caused denaturation (as de- 
termined by decline in bone yield). 


Antibiotic Agents 


Segments of demineralized bone matrix were treated at 
25 C for one day and 37 C for three days in buffered solu- 
tions of (1) tetracycline hydrochloric acid in concentra- 
tions of 0.1, 1.0, 5.0, and 10.0 millimols/liter, (2) neosporin, 
4 mg/liter, (3) bacitracin, 100 units/ml, (4) penicillin, 1,000 
and 100,000 units/ml, (5) streptomycin, 1,100 mg/ml, or (6) 
both penicillin and streptomycin in the same doses. Ex- 

to these solutions at 25 C for only one day, bone 
matfix and bone matrix gelatin produce the same or 
slightly lower yields than untreated controls. Exposed to 


the same solutions at 37 C, bone yield declined to 0 to 1% _ 


of controls in tetracycline; 20% of controls in neosporin; 2% 
of controls in bacitracin; 0 in penicillin; 21% in streptomy- 
cin; and 26% in penicillin and streptomycin. Thus, neo- 
sporins and streptomycin partially inhibited autolytic 
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degradation of the bone morphogen. . 
Pulverized Bone 


Pulverized undemineralized bone, either large or small 
particle size or as whole freeze-dried bone, produced no 
new bone. The particles of bone floated in chords and lakes 
of plasma cells, lymphocytes, macrophages, and foreign 
body giant cells. By the fourth week, every implant was 
enclosed in a sterile abscess filled with inflammatory cells 
and unabsorbed bone powder. An envelope of fibrous con- 
nective tissue enclosed the bone particles individually and 
collectively and isolated the area of the abscess in the cen- 
ter of the host muscle. Demineralized and prepared as out- 
lined in Table 1 or by the method of Huggins et al and 
Reddi and Huggins,” the powders produced bone almost 
invariably but only if the particle size was greater than 
400 cuu. The inflammatory cell reaction, relatively slight 
around large particles, was extensive in spaces among 
particles 300 cuu or less in size. 


COMMENT 


The above-described experiments demonstrate that for 
allogeneic implantation, bone prepared by chemical methods 
can eliminate undesirable soluble alloantigens and retain _ 
insoluble bone morphogen more completely than whole 
bone prepared either by aseptic collection and freeze-dry- _ 
ing or by radiation-sterilization and freeze-drying. Alloan- 
tigens in bone, as in other tissues, are hydrophobic gly- 
copeptides firmly attached to, or a structural component 
of, cell membranes,’* but extractable with chloroform- 
methanol and other organic solvents or detergents. — 

Enzymatic autodigestion in vitro, is a standard method 
of removal of transplantation antigens from tissues.’ Con- | 





sequently, storage of bone in refrigerators for long peri- 
ods of time before use (as empirically practiced in the 
early years of clinical bone banks) should reduce the anti- 
genicity of bone by autodigestion. Our experiments dem- 
onstrate that, with the addition of sulfhydryl group en- 
zyme inhibitors to the buffer solutions, an insoluble bone 
morphogenetic property can be retained in the bone and 
spared from autodigestion.**’ 

Previously reported experiments demonstrate that a 
bone morphogenetic property in bone matrix depends on a 
trypsin-labile, pepsin-stable collagenase-stable protein or 
a part of a protein firmly bound to collagen. This bone 
morphogenetic protein is almost as insoluble as the highly 
cross-linked structure of bone collagen. The addition of 
sodium azide, iodo acetic acid, iodoacetamide, N-ethylma- 
leimide, or p-chloromercuribenzoic acid (sulfhydryl group 
enzyme inhibitors) to the buffer prevents digestion of the 
bone morphogenetic protein™® but not nucleoproteins and 
other stainable cell structures. A specific neutral protease 
(bone morphogenetic proteinase) found only in bone, den- 
tin, and other calcified tissues degrades more than half of 
the bone morphogenetic protein in bone tissue within 24 
hours if no sulfhydryl group enzyme inhibitor is present in 
the system.” 

In the foregoing experiments, autodigestion of bone tis- 
sue prelabeled with tritiated tryptophan and “S-cysteine 
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demonstrates that about all the stainable material except 
plasma membranes in osteocyte lacunae can be dis- 
seminated without loss of the bone morphogenetic pro- 
tein. Organic solvent and detergent dispersible cell mem- 
branes account for over 90% of transplantation antigens 


= of tissue” Influx of organic solvents and the efflux of large 


molecules of cell membranes are facilitated by prelimi- 
nary demineralization of the bone tissue. Even partial 
demineralization is effective but should be carried out at 2 
C to prevent acid hydrolysis and denaturation of bone 
morphogenetic protein. 


Undemineralized Bone Preparations 


Implants of bone tissue with transplantation antigens 


_ extracted without demineralization are more slowly re- 


sorbed and produce much less new bone than implants 
predemineralized partially or wholly in vitro. These un- 


-= demineralized bone preparations produce peculiar micro- 


deposits on the endosteal surfaces of the implant. Such 


- microendostoses develop from focal collections of migra- 
_ tory mesenchymal cells that proliferate and differentiate 
- into osteoprogenitor cells, osteoblasts, and new bone. The 
_ new bone deposits coincide in location with the old vascu- 
_ lar channels and possibly old bone-building sites. 


Delayed Hypersensitivity Reactions 


Frozen, freeze-dried, radiation-sterilized, or chemo- 


= sterilized bone is not whole bone but a nonviable deriva- 


tive of bone, and therefore more properly termed an 


_ alloimplant than an allograft (homograft by the old termi- 


nology). Bone similarly devitalized and implanted in a re- 


-cipient of another species is a xenoimplant. An autologous 


bone graft differs from a bone implant in two ways: first, 
the donor tissue synthesizes histocompatible gene prod- 
ucts, and second, contributes osteoprogenitor cells and os- 
teoblasts that, however small in number, can survive and 
proliferate. A freeze-dried nonviable bone alloimplant in- 


= trodwces previously synthesized gene products of various 
= levels of antigenicity. 


Delayed hypersensitivity reactions of the host to anti- 
gens disseminated by frozen or freeze-dried alloimplants 


blockade ingrowth of proliferating osteogenetic cells. The 
_ blockade consists of an infiltrate of small round cells. De- 


layed sensitivity reactions to living allografts include in- 
crease in percentages of blast cells in regional lymph 
node” and acceleration of rejection time of first- and sec- 


_ ond-set skin grafts.’ Nonviable freeze-dried alloimplants 
_ produce a round cell infiltrate that is much easier to detect 


than the lymph node and skin graft immunological re- 
sponses. The density of the infiltrate rises to peak levels at 


three to four weeks in the fracture-bone-defect model? 


and four weeks in the parabiotic model.‘ The infiltrate 


= is interpreted as a manifestation of a delayed hyper- 
_ sensitivity response.*° The height of the response is pro- 


_portienal to the quantity of antigenic tissue proteins in 


matrix as well as in bone cells.* Xenogeneic matrix, 


prepared from autodigested and chloroform-methanol ex- 


tracted bone, disseminates antigens of equal quantity but 
have more than ten times greater potency than alloanti- 
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gens.’ The tenfold greater potency suggests that non- 
viable bone xenogeneic proteins may be cytotoxic even in 
very small quantities and produce circulating antibodies.° 


Isolation of Antimorphogenetic Polypeptides from Bone 


Previous efforts by our research group to identify trans- 
plantation antigens in implants of nonviable demineral- 
ized bone preparations by acceleration of skin graft rejec- 
tion time, lymph node histometry, or circulating antibody 
titer produced inconsistent or equivocal results. The strik- 
ing results from the present experiments may be attribu- 
table to the implantation of a concentrated relatively 
large dose of highly purified bone hydrophobic glycopep- 
tide in physicochemical combination with a product of 
bone tissue. The fact that hydrophobic glycopeptide re- 
combined with insoluble bone gelatin produces a round cell 
infiltrate and blockades the ingrowth of migratory mes- 
enchymal cells normally responsible for the bone morpho- 
genetic response is presumptive evidence of a haptenic 
antimorphogenetic polypeptide. The extent of the round 
cell infiltrate and the degree of depression of bone yield is 
related to the quantity of hydrophobic glycopeptide per 
milligram of insoluble bone gelatin, dose-response curves, 
and purity control preparations; other essential data will 
be presented in a later communication. One crucial point 
to be emphasized here is that the reaction of hydrophobic 
glycopeptide with the bone gelatin is reversible. The 
morphogenetic response is restored, and the hydrophobic 
glycopeptide can be recovered by chloroform-methanol 
reextraction of the hydrophobic glycopeptide from the hy- 
drophobic glycopeptide bound to insoluble bone gelatin." 

The specificity of the hydrophobie glycopeptide delayed 
hypersensitivity response is presently under investiga- 
tion. Preliminary exploratory experiments demonstrate 
that hydrophobic glycopeptide has no proteolytic activity 
and, unlike bone morphogenetic proteinase,’ is extractable 
from tissues other than bone. The quantity in different 
tissues is as follows: bone ~ liver > kidney > skin. Like 
bone morphogenetic proteinase, hydrophobic glycopeptide 
is readily separable from the collagen-bound insoluble 
bone morphogenetic protein. Purified hydrophobic glyco- 
peptide is soluble in both organic and aqueous solutions. 


Biomechanical Factors, Calcification, and Particle Size 


The possibility that unspecific mechanical injury or for- 
eign body reactions of rat muscle mesenchymal cells to 
plastics may produce bone is difficult to explain but is not 
in conflict with present observations. Winter” reported 
new bone in six of 22 subcutaneous implants of acrylics in 
pigs but absolutely no results in rats. In pigs, pathological 
soft tissue calcification was a preliminary occurrence. 
Other areas of pathological calcification (eg, in Disco 
aorta, tubercle) may develop bone in the process of resprp- 
tion, but it is the organic matrix components and not 
the calcium salts that serve as the osteoinductive sub- 
stratum.” In fact, uroepithelium secretes a milieu of en- 
tirely noncalcifying intercellular material that prometes 
mesenchymal cell aggregation and differentiation into 
bone.” 
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Pulverization of the TARNEN: of either undeminer- 
alized or demineralized bone produces an inflammatory 
forgign body response. Provided the particle size is 
greater than 400 cup, bone formation occurs almost invar- 
_liably and the foreign body giant cell reaction is much less 
visible than with whole freeze-dried bone matrix.'* Com- 
~ pared with whole bone matrix, which produces striking 
histological evidence of delayed-type hypersensitivity re- 
sponse, bone particles extracted with organic solvents pro- 
duce hardly any hypersensitivity round cell infiltrate.” 


Chemosterilization 


Present observations suggest that some methods of 
chemosterilization that were abandoned in the past, eg, 
organic mercurials,™- do not denature while others, eg, 


Be Gaetan? and cationic detergents (benzalkonium chlo- 


ride), extinguish bone morphogenetic protein. Antibiotics, 
eg, tetracycline, erythromycin, streptomycin, chloram- 
phenicol, penicillin, do not denature bone morphogenetic 
protein.” Neomycin and bacitracin’ and neosporin are 
also noninjurious to bone morphogenetic protein. In asep- 
tic collection and freeze-drying, and freeze-drying and ra- 
diation-sterilization as issued from national and regional 
bone banks, bone morphogenetic protein is either inacces- 
sible or denatured or both. Consequently, it should be pos- 
sible to chemosterilize bone and implant an allogeneic 
matrix that is biologically superior to radiation-sterilized 
bone described by Volkov and Bizer.** Buring” and Buring 
and Urist*” demonstrated radiation damage to bone mor- 
phogenetic protein at doses far below bacteriocidal-fungi- 
cidal doses. As a general rule, enzymes, including bone 
morphogenetic proteinase, are resistant to radiation." 
Consequently, surviving unspecific enzymatic activity is 
not, as Immaliev*' and Volkov and Bizer assume, evi- 
dence of preservation of desirable biologic properties of 
bone matrix. Even if it is argued that denatured non- 
viable bone can perform the osteoconductive function of a 
bone graft, and that osteoinductive function is unessen- 
tial,’ the deleterious effects of transplantation antigens 
in ordinary freeze-dried preparations are sufficient to ex- 
plain the high percentage of clinical failures reported in 
the literature on spinal fusions and many other operations 
with aseptically collected freeze-dried bone. Even if it is 
contended that contact-compression applied between sur- 
faces of donor and host will prevent interference of an im- 
mune response with osteoconduction,"* present data dem- 
onstrate that interference with osteoinductive process is 
possible. More important, delayed hypersensitivity reac- 
tions may explain the frequent objections to freeze-dried 
whole bone issued by tissue banks in the United States in 
recent years. The principle of chemical extraction of bone 
D organic solvents followed by autodigestion in vitro to 
redke the dose of putative alloantigen and haptenic poly- 
peptides enhanees bone morphogenesis (osteoinduction) 
| and should improve results of bone graft operations with 
~ alloimplants. 


en Conclusions 


Bone extracted with chloroform-methanol and auto- 


Arch Surg/Vol 110, April 1975 


TAA 


. 
rey a » ee s 
ue LF > be a 
5 Raaitt< TN : vid ate A j i 
Je. L. oS E E I AS oY Se eee NEEN RT a 


$ 4 f 
e i f ay f axa. tables 
EEE E E ESE AE VORA EER T N 






~~ at 
>.) al 


X 






digested in ollvaphiaes buffer AR iodoacetic aadi 
and sodium azide or other sulfhydryl group enzyme inhib- 
itors to remove alloantigens produces new bone following il F 
allogeneic implantation in muscle in rats. The new bone 
deposits form without any delayed-type hypersensitiyity - 
reactions such as may occur with control implants of whole 
bone or bone matrix. The new bone deposits are also 
greater in incidence and substantially larger in Gee 
than the deposits produced by whole fresh allogeneic bone, — E 
frozen bone, aseptically collected freeze-dried whole bone, 
or “Co radiation-sterilized freeze-dried bone. 

A hydrophobic glycopeptide isolated and purified from 
the chloroform-methanol extract recombines with insol- 
uble bone gelatin. The product in quantities of 10ug/mg c ae | 
bone matrix gelatin or whole bone matrix produces 2 
marked delayed hypersensitivity reaction that blockades a 
bone morphogenesis. Hydrophobic glycopeptide may bea 
hapten inasmuch as it may be unproductive of antigen , 
when injected by itself, but has the power to confer 
on gelatin, with which it combines, specific antimor- 
phogenetic properties. The reaction gelatin-hydrophobie _ +a 
glycopeptide is reversible and the blockade is preven 
by reextraction of bone matrix gelatin-hydrophobie ar 
glycopeptide recombinants with chloroform-methanol ee 
fore implantation. i È 

Xenogeneic (human or bovine) bone similarly prepared AA 
by autolytic digestion and extraction of transplantation 
antigens for implantation in rats incites a massive infil- = 
trate of round cells that blockade deposition of all but a — 
few isolated scanty deposits of cartilage and bone. The - 3 
massive infiltrate in nonviable xenogeneic implants is in- 
dicative of deleterious cytotoxins and circulating 7 
bodies. a 

Allogeneic undemineralized cortical bone, frozen and ki f 
stored at low temperatures without dehydration, may pro- 
duce an occasional small deposit of new bone, but bone 
stored at 2 C or exposed to room temperature or sterilized JA 
by "Co radiation produces no new deposits. Implants of 
bone matrix chemosterilized with thimerosal or asepti- if k 
cally collected bone preserved with either tetracyclines, a f 
neosporin, bacitracin, penicillin, streptomycin, or strep- 
tomycin and penicillin produces new bone. Implants chemo- 
sterilized with benzalkonium or £- Prope a not 
produce bone. - a 

Pulverization of bone matrix neither increases nor de- 
creases bone yield if the particle size is greater than 400 
cuu, but smaller particles incite only an vidoe ee 
round cell, a foreign body giant cell reaction without any: 
cartilage or bone development. Undemineralized bone in- 
cites a greater foreign body reaction than demineralized — 
particles. ae 

Undemineralized allogeneic rat bone divested of trans- 
plantation antigens produces new bone in locations coin- — 
ciding with endosteal bone-building surfaces. The new de- 
posits consist of either appositional deposits of lamellar 
bone or microendostoses in juxtaposition to old vascular 
channels. . 

A chemical method for preparation of bone consisting of 
chloroform-methanol extraction, autodigestion, and sur- 
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face demineralization for allogeneic implantation not only 
removes alloantigens but also preserves the insoluble mor- 


_ phogens in bone matrix. The donor bone residue is biologi- 


cally more compatible with the recipient than aseptically 
collected whole bone, either freeze-dried or radiation-ster- 
ilized. The effects of organic solvents for extraction of 
transplantation antigens, including butyl alcohol, Triton- 
X-100, and Triton-X-188, sodium dodecyl sulfate, and so 
forth, on the biological properties of bone matrix, insol- 
uble as well as soluble polypeptide, are under investiga- 






tion and will be presented in a later communication. To a 
considerable extent, the bone mineral protects the bone 
matrix insoluble morphogenetic components against de- 
naturation or extraction, but more specific chemical sepa- 
ration of alloantigens from morphogens are very likely 
necessary to obtain optimum yields of new bone from clin- 
ical bank bone. 

This investigation was supported by a John Simon Guggenheim Founda- 


tion Fellowship (Dr. Urist) and grants-in-aid from the John A. Hartford 
Foundation and Public Health Service (DE-12013-10). 
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Prevention of Peritoneal Adhesions 


in the Rat 


The Effects of Dexamethasone, Methylprednisolone, Promethazine, and Human Fibrinolysin 


Alan B. Gazzaniga, MD; John M. James, MD; Judy B. Shobe, RN; Elliott B. Oppenheim, MD 


Peritoneal adhesions were created in rats by brisk scrubbing of the 
terminal part of the ileum. Adhesions were graded by total number 
and the presence of small bowel obstruction. Adhesion prophylaxis 
was evaluated using dexamethasone, methylprednisolone sodium 
succinate, promethazine hydrochloride, and human fibrinolysin 
(Thrombolysin) in various combinations, doses, and routes of admin- 
istration. Methylprednisolone and dexamethasone, depending on the 
route of administration, modified the total number of adhesions but 
did not modify their severity when compared to control animals. Pro- 
methazine by itself modified peritoneal adhesions in the rat. Used to- 
gether, methylprednisolone and promethazine also modified adhe- 
sions, but were not substantially better than the combination of 
dexamethasone and promethazine. Methylprednisolone, prometha- 
zine, and human fibrinolysin, when used in combination intraperito- 
neally, virtually eliminated adhesion formation. 


eer adhesions may occur despite meticulous sur- 
gical technique. Historical advances in the prevention 
or treatment of adhesions have been outlined by others.'” 
A rational drug approach to adhesion prophylaxis was of- 
fered by Replogle et al,’ who proposed combining agents 
that reduce the serosal response to trauma. This drug 
protocol has not proved totally effective in eliminating ad- 
hesions, since fibrin interaction between two serosal sur- 
faces is all that is necessary to create a permanent adhe- 
sion. The purpose of this article is to assess the effect of 
corticosteroids, an antihistamine, and a fibrinolytic 
agent in modifying the adhesion response to trauma in 
the rat. 


MATERIALS AND METHODS 


White rats weighing between 400 and 500 gm were chosen for 
study. The rats were anesthetized with ether, and an upper mid- 
line abdominal incision was used to gain access to the peritoneal 
cavity. Four to five centimeters of the terminal part of the ileum 

posed and, using a hard bristle toothbrush, ten firm strokes 
weregtaken on the dorsal and ventral surfaces of the bowel. The 
bowel was then retfirned to the peritoneal cavity, which was closed 


with running 2-0 polyglycolic acid sutures. Just before final clo- 


_Acgepted for publication Nov 4, 1974. 

“From the Department of Surgery, University of California, Irvine. 
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sure when the intraperitoneal route was used, the first postopera- 
tive dose was injected under direct vision. Animals received their 
medication four hours preoperatively, immediately postopera- 
tively, and every four hours for six doses. The dose of dexametha- 
sone was 1 mg/kg; methylprednisolone sodium succinate, 5 
mg/kg; and promethazine hydrochloride, 1 mg/kg. The dose of 
promethazine was varied in three groups and was 1, 1.5, and 2.0 
mg/kg, respectively. Human fibrinolysin (Thrombolysin) was 
given intraperitoneally, and the dose was 4,000u/kg. 

The animals were divided into 14 groups of nine to ten rats 
each: (1) operated on but untreated, (2) not operated on, with the 
peritoneal cavity injected in the different quadrants with only the 
needle (no fluid) every four hours for six times, (3) dexamethasone 
administered intramuscularly, (4) dexamethasone administered 
intraperitoneally, (5) methylprednisolone administered intramus- 
cularly, (6) methylprednisolone administered intraperitoneally, (7) 
promethazine administered intraperitoneally, (8) promethazine 
administered intramuscularly, (9) promethazine administered in- 
tramuscularly, (10) promethazine administered intramuscularly, 
(11) dexamethasone and promethazine administered intraperito- 
neally, (12) methylprednisolone and promethazine administered 
intramuscularly, (18) methylprednisolone and promethazine ad- 
ministered intraperitoneally, and (14) methylprednisolone, pro- 
methazine, and human fibrinolysin administered intraperito- 
neally. 

Seven to ten days after surgery, animals underwent further ex- 
ploratory surgery and adhesions were evaluated. The total num- 
ber of sites where adhesions occurred were recorded and their se- 
verity was graded by whether or not small bowel obstruction was 


present. Small bowel obstruction was considered to be present if — 
the bowel was matted together and there was definite dilation - 


proximal and collapse distal to adhesions. The total numbers of 
adhesions in the treated groups were statistically compared to 
control animals using the Student ¢ test. Because of the small 
sample size, P values less than .005 were accepted as significant. 


RESULTS 


Results for the different drug groups and combinations 
are shown in Tables 1 through 4. A typical adhesion in the 
control group that was operated on is shown in Fig 1, and 
intestinal obstruction was present when the adhesions 
were dense and multiple between the loops of bowel. In 
the control group that was operated on, there were two 
rats with small bowel obstruction and 3.90 adhesions per 
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Table 1.—Controls 
















No. With Without 
Small Small 
. : Bowel Bowel Adhesions 
ay Obstruc- §Obstruc- per 
$ . k ! Group No. tion tion Animai 
a) Control 10 2 8 3.90 
| 2 Needlestab 10 0 10 0.50* 


only 


Table 2.—Dexamethasone and Methylprednisolone 








Alone* 
No. 
No. With Without 
Small Small 
; Bowel Bowel Adhesions 
Ei Obstruc- Obstruc- per 
_ | Group Drug Route No. tion tion Animal 
| 3 Dexamethasone IM 10 5 5 2.4+ 
| 4 Dexamethasone IP 10 6 (3) 4 3.04 
| 5 Methylpred- IM 10 6 (2) 4 3.754 
es nisolone 
E 6 Methylpred- A 10° 2 8 2.64 
+ he nisolone 
FE 


a _ * Intramuscular, IM; intraperitoneal, IP. Numbers in parentheses 
_ indicate postoperative deaths. 

Ba al t P <.005. 

S, P >.005. 


Table 3.—Promethazine Alone* 


No. 
No. With Without 
Small Small 
Bowel Bowel 
Obstruc- Obstruc- 
tion tion 


Adhesions 


per 
Animal 


Dose, 

Group Drug No. mg/kg Route 
7 Prometha- 9 1.0 
l zine 

8 Prometha- 10 
zine 

9 Prometha- 9 
zine 

10 Prometha- 10 
zine 


1.0 
1.5 


2.0 


= * Intramuscular, IM; intraperitoneal, IP. 
t P<.005. 


"animal. In the rats that were not operated on and that un- 
 derwent needle stab only of the peritoneum, there were no 
a oF scant bowel obstructions and 0.5 adhesions per animal 
EP < .005). 
Dexamethasone when given intramuscularly gave sub- 


a stantially fewer adhesions than when given intraperito- 


= neally. When given alone, dexamethasone did not prevent 
~ intestinal obstruction. Virtually the same results were ob- 
tained when methylprednisolone was given, except that it 
a was more effective in preventing adhesions when given 


Eea Deaths in groups 4 and 5 were due to in- 
testinal obstruction and small bowel perforation proximal 
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Table 4.—Combination Treatment* 




















No. 
No. With Without 
Small Small 
Bowel Bowel Adhesions 












Obstruc- Obstruc- per 
Group Drug No. Route tion tion Animal 
11 Dexamethasone 9 IP 2 7 1.71 
& promethazine 
12 Methylpredniso- 9 IM 0 9 1.22T 
lone & prometha- 
zine 
13 Methylpredniso- 9 IP 2 7 1.00+ 
lone & prometha- 
zine 
14 Methylpredniso- 9 IP 0 9 0.11fF 






lone & prometha- 
zine, & human 
fibrinolysin 







* Intramuscular, IM; intraperitoneal, IP. 
t P<.005. 


to the obstruction site. 

Promethazine, when given by itself either intramuscu- 
larly or intraperitoneally, gave significantly (P < .005) 
fewer adhesions than the control group (Table 3). Doses 
over 1.0 mg/kg gave only slightly better results. These re- 
sults were superior to those in the corticosteroid-treated 
rats. 

The combination of Saiatiotidunne and promethazine 
given intraperitoneally was effective in reducing the num- 
ber of adhesions (Table 4). Methylprednisolone and pro- 
methazine given intraperitoneally or intramuscularly 
gave similar results, which were slightly better than those 
in the dexamethasone- and promethazine-treated animals. 
The best results were in the group that received methyl- 
prednisolone, promethazine, and human fibrinolysin 
(Table 3). This group had an average of only 0.11 adhe- 
sions per animal (P < .005) and there were no instances of 
intestinal obstruction. 


COMMENT 


The peritoneal surface consists of a single layer of meso- 
thelial cells with parietal and visceral reflections. Adhe- 
sions can be induced by either chemical or direct trauma 
to this mesothelial layer, which also injures the mast cells 
in the subserosal layer below the mesothelial cell. Damage 
to the mast cell releases histamine, heparin, and vasoac- 
tive substances that increase capillary permeability.’ Fi- 
brin exudes from the capillary, and most of this is lysed 
and absorbed. The unabsorbed fibrin may cause two sero- 
sal surfaces to join, and an adhesion forms. These steps 
have been demonstrated in rats using serial electromicro- 
graph studies of induced adhesions.‘ The joining of 
serosal surface by fibrin was the foundgtion for sule- 
quent collagen formation. Studies of th nature have 
helped define the mechanism for adhesion formation and 
guided in planning preventive treatment. 


Results of experimental adhesion studies have varied. 


because of differences in animal species, drugs, route of 
administration, and methods for making and evaluating 
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adhesions. The rat was chosen in these studies because it 
has proven to be difficult to modify peritoneal adhesions in 
this,animal. The technique for making adhesions in this 
study was, by design, very traumatic and uniformly se- 
vere adhesions were present in all control animals. 

Dexamethasone and methylprednisolone were eval- 
uated because of their potent anti-inflammatory proper- 
ties. These two drugs are readily available, and there is 
ample clinical experience with use of these drugs in phar- 
macological doses for conditions other than adhesion pre- 
vention. Because dexamethasone has been studied with 
promethazine in adhesion prevention, use of methyl- 
prednisolone was also evaluated to see if it might be more 
effective in preventing adhesions. 

Replogle et al’ showed in dogs that peritoneal adhesions 
could virtually be eliminated with the combined use of 
promethazine and dexamethasone. The rationale for their 
experimental model was that dexamethasone inhibits fi- 


Fig 1.—Typical adhesion at reexploration. 


Fig 2.—Factors producing adhesion and possible treatment 
modalities. 
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= broblast emigration ‘and reduces the inflammatory re- 
= sponse to direct trauma.’ Corticosteroids modify or may 
= even eliminate peritoneal adhesions, depending on the 
= dose, route of administration, type of corticosteroid, type 
_ + of animal, and methods for making adhesions.’* Cortico- 
= steroids in this study, depending on the route of adminis- 
~ tration, modified the total number of adhesions but did not 
= prevent small bowel obstruction when compared to the 
= control animals. There is no useful explanation for this ex- 
= Cept that the degree of trauma in this study is more severe 
_ than in others where different results were obtained by 
= using corticosteroids.’” 
= Promethazine, an antihistamine, has been shown in 
= vitro to deplete mast cells of histamine but is generally 
= considered to be an antihistamine antagonist.™' Hista- 
= mine is a potent vasodilator and causes increased capillary 
= permeability and, along with “permeability factors,” is re- 
= sponsible for the fibrin exudate.’ In the rat, however, mast 
= cells produce serotonin, which increases capillary permea- 
_ bility more effectively than histamine.’ Antihistamines 
are not effective in reducing the triple response to injury 
= in the rat, and perhaps serotonin is more important in this 
= respect than histamine. Cyproheptadine hydrochloride is 
= an effective antagonist for histamine and serotonin. It is 
= structurally similar to promethazine." It is possible that 
_ promethazine may also antagonize serotonin. Regardless, 
_ there seems little question that promethazine can modify 
= peritoneal adhesion formation. This was originally shown 
= in the rat by Jacqmain and Shumacker"' and amplified by 
Replogle et al.’ In our studies, promethazine modified ad- 
= hesions when given alone or when given with cortico- 
= steroids. Doses over 1 mg/kg did not seem to make an 
= important difference and neither did the route of admin- 
= istration. These studies indicate that promethazine may 
_ be the more important drug when used in combination 
= with corticosteroids. 
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Since promethazine and dexamethasone have been 
shown to prevent adhesions in the experimental animal, 
there is every reason to believe the combination of pro- 
methazine and methylprednisolone would do the same. 
The combination of the latter two drugs produced the 
fewest number of adhesions exclusive of the group treated 
with these two drugs and fibrinolysins. Llao et al* found 
that methylprednisolone and promethazine modified adhe- 
sions in primates. We cannot conclude from this study 
that methylprednisolone in combination with prometha- 


zine is superior to dexamethasone combination treatment. . 


Because of previous studies, it seemed appropriate to 
use anti-inflammatory drugs along with intraperitoneal 
installation of an agent that acts directly to lyse fibrin. 
The use of fibrinolysins or agents that activate fibrinoly- 
sins is not a new concept in the treatment of peritoneal 
adhesions.'*-'* Results have varied because different types 
of fibrinolysins, animal preparations, dose, and route of 
administration were used. In this study, human fibrinoly- 
sin was chosen because of its availability, its direct action 
on fibrin, and experimental and clinical evidence that it 
will lyse blood clots. The combination of human fi- 
brinolysin, methylprednisolone, and promethazine admin- 
istered intraperitoneally gave the best results in this 
study. Use of fibrinolysin clinically has been limited be- 
cause of bleeding complications.’ Fibrinolysin activators 
have been tried with limited success in the peritoneal cav- 
ity, and Gervin et al have implicated serosal hypofi- 
brinolysis as a possible explanation for adhesion forma- 
tion. 

Experimental studies by Replogle et al* indicate that 
pretreatment of the animal is imperative to achieve the 
desirable results. The route of administration may or may 
not be important, depending on the drug and animal. Fig- 
ure 2 summarizes the pathogenesis and possible treatment 
of peritoneal adhesions. 
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Clinical Notes 


Serendipitous Passage 


of a Common Duct Stone 


Following Ampullary Cannulation 


John L. Butsch, MD; M. Vilayat Ali, MD; James P. Nolan; MD 


A transduodenal endoscopic pancreatocholangiography dislodged 
a distal common duct stone. The conclusion that the stone was dis- 
impacted by the manipulation was reached by (1) demonstration of a 
negative shadow representing a stone in the distal part of the com- 
mon duct on roentgenograms following injection of contrast mate- 
rial after successful ampullary cannulation, (2) the clinical sequence 
of events that followed ampullary cannulation, and (3) the operative 
finding of a grossly dilated common duct without the presence of a 
stone and normal intraoperative and postoperative T-tube cholangio- 
grams. 
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t is becoming apparent that cannulation of the ampulla 
I of Vater can be performed with an increasing rate of 
success as experience is gained in the use of fiberoptic 
duodenoscopy.'* At our hospital, we have attempted am- 
pullary cannulation in 70 patients in the past year and the 
percentage of successful studies has risen from 45% to 87% 
over that period. The purpose of this report is to describe 
an unusual case in which the endoscopic cannulation dis- 
impacted a stone lodged in the distal part of the common 
duct. 


REPORT OF A CASE 


A 50-year-old woman was admitted to the Buffalo General Hos- 
pital on Oct 7, 1973, with complaints of emesis, abdominal bloat- 
ing, and nonspecific abdominal pain of one day’s duration. Her 
stools had been normal prior to her two days of constipation be- 


fore admission. She denied pruritus, jaundice, dark urine, chills, or 
fever. She also denied any exposure to known hepatotoxins, past — 


history of blood transfusions, or substantial ethyl alcohol inges- 
tion. 

On physical examination, she was moderately obese and in mild 
distress, with a blood pressure of 154/90 mm Hg, a temperature of 
37.2 C (99 F) orally, and respirations of 20 breaths per minute. The 
results of the remainder of the physical examination were essen- 
tially normal, with the exception that the abdomen appeared 
mildly distended, with tenderness in the right upper quadrant and 
some involuntary guarding. The bowel sounds were hypoactive. 
Routine chest and abdominal roentgenograms were normal. 

The important laboratory values on admission were hemoglo- 


bin, 14.0 gm/100 ml; white blood cell count (WBC), 11,000/cu mm, 
eS ae ee eee! eee 
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Fig 1.—Retrograde cannulation of common duct showing greatly 
dilated common duct and radiolucent stone in ampulla (arrow). 


with a preponderance of polymorphonuclear leukocytes; and a to- 
tal serum bilirubin of 4.0 mg/100 ml. A diagnosis of cholecystitis 


= was made, and she was treated with parenterally administered 


fluids, nasogastric suction, and antibiotics. The following day a 
study of the upper part of the gastrointestinal tract revealed a 
pressure defect at the medial aspect of the descending duodenum 
at about the level of the ampulla. The findings were consistent 
with a periampullary lesion. During the ensuing week she contin- 
ued to run a 38.3 C (101 F) temperature (rectally), but her pain 
abated. Her serum bilirubin level rose to 8 mg/100 ml and leveled 
off. Ten days following admission, an endoscopic ampullary cannu- 
lation was performed using an endoscopic side-viewing fiber 
duodenoscope. A good deal of resistance was encountered when 
repeated attempts were made to advance the catheter tip beyond 
the first few millimeters. Three millimeters of dye was injected. A 
solitary oval radiolucent stone was demonstrated in the distal part 
of the common duct just proximal to the ampulla, while the re- 
mainder of the duct was markedly dilated (Fig 1). Following the 
procedure, the patient had the onset of shaking chills, with a rise 
in her temperature to 39.6 C (103.2 F) rectally. Her WBC rose to 
16,000/eu mm and her serum bilirubin level to 16 mg/100 ml. Am- 
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Fig 2.—Operative cholangiogram showing dilation of common duct 
without any radiolucent object and passage of dye into duodenum. 


picillin, 1 gm, was administered intravenously every six hours. 
She became afebrile 72 hours later, and the bilirubin level de- 
creased to 6 mg/100 ml. She was operated on the following day. 
The operative findings revealed an enlarged common duct and an 
inflamed gallbladder. A cholecystectomy was performed, and no 
stones were found on exploration of the common duct. An oper- 
ative T-tube cholangiogram also did not show any stones (Fig 2). 
The ampulla admitted a 9-mm dilator with ease. The small bowel 
was found to be normal to palpation and inspection. 

Three weeks following surgery, a T-tube cholangiogram was 
again normal and she was discharged from the hospital (Fig 3). 


COMMENT 


This case points out an interesting RS, T a procedure 


that is rapidly achieving popularity as a diagnostic tool in 


selected patients with biliary tract ana pancreatic dis- 


eases. It is not an uncommon occurrence for patients un- . 


dergoing endoscopic pancreatocholangiography to develop 
signs and symptoms of ascending cholangitis. The clinical 
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Fig 3.—Postoperative cholangiogram showing dye freely entering 
duodenum. 
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course of the patient reported suggests that the bout of j. 
cholangitis accompanied the passage of the stone from the _ 
ampulla to the duodenum. The falling serum bilirubin — 
level just prior to surgery and the operative findings de- 
scribed above support this contention. : ° 
. It can be conjectured that the cannulation disimpacted 
the stone and that the turbulence caused by the injection Br 
of the contrast material resulted in the passage of the } 
stone. The recovery of the stone from the stools was not “2 
attempted. To our knowledge, there has been no previous — 
report of passage of a gallstone by transduodenal cannu- 
lation. ae 
In view of the observation made in the patient, the pos- 
sibility exists that transduodenal cannulation of the am- | 
pulla may have therapeutic possibilities in choledocholi- _ i 
thiasis. ai 
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Wound Botulism 
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Michael Cherington, MD, Stanley Ginsburg, MD 


Botulism occurring in patients with wounds has been thought of 


E as a rare disease. A patient with a lacerating wound of his hand and 
= wrist and an avulsion of his fourth finger developed diplopia, dizzi- 


UR 


ness, and slurred speech one week later, followed by generalized 


~ weakness and difficulty in swallowing. Repetitive nerve stimulation 
studies showed signs of neuromuscular block consistent with the 


= 
- nen 


diagnosis of botulism. Results of bacteriologic and immunologic 


tests were not revealing, but the subsequent course of progressing, 
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and retrogressing, bulbar signs and symptoms with eventual near- 


= complete recovery confirmed the diagnosis. Increasing awareness 
and employment of electrophysiologic studies are uncovering in- 


creasing numbers of cases. 


Has cases of botulism almost always follow 
Ad the ingestion of food in which Clostridium bot- 
ulinum has been present and producing toxin.™* Recently 
several cases of botulism from wounds have been re- 


ported. The case reported here is the tenth known case.’ 


 Electrophysiologic studies are important in establishing 


= 


the diagnosis. 


REPORT OF A CASE 
On Aug 19, 1973, a 19-year-old man from Nebraska injured his 


left hand after he was thrown into a dirt road from his car in an 
-automobile accident. The back of his hand and his wrist were lac- 


~ erated and the left fourth finger was traumatically avulsed. The 





patient was taken to a nearby hospital where his wound was de- 
brided, the fourth finger removed at the proximal interphalangeal 
joint, and a skin graft placed over the wound. Intravenous ceph- 


E alothin sodium (Keflin) therapy, 1 gm four times a day, was given 


for four days and was followed by a five-day course of orally ad- 


ý; _ ministered ampicillin. 


On Aug 26, 1973, the patient complained of neurologic symp- 


toms including diplopia, dizziness, and slurred speech. The follow- 
_ing day he had difficulty swallowing and developed mild, general- 
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ized weakness. On Aug 30, 1973, because of the neurologic 
symptoms, the patient. was admitted to St. Joseph’s Hospital, 
Denver. On admission, his sensorium was clear. He was noted to 
have ptosis, nystagmus, and an incomplete external ophthalmo- 
plegia. His pupils were equal and reactive but hippus was present. 
Weakness was present in the facial musculature, tongue, neck, 
and limb musculature. Deep tendon reflexes were present, plantar 
responses were flexor, and sensory examination was entirely nor- 
mal. His wound at this time appeared clean (Fig 1). 

Lumbar punctures done on admission and on the 13th day of 
hospitalization revealed normal spinal fluid, including normal pro- 
tein and protein electrophoresis. Results of two edophonium chlo- 
ride (Tensilon) tests were normal. A diagnosis of wound botulism 
was made and the patient was treated with intravenously admin- 
istered aqueous penicillin G potassium, 2 million units every four 
hours, for seven days. The patient underwent a tracheostomy on 
his second hospital day because of respiratory distress. 

Serum obtained from the patient did not have botulinus toxin. 
Botulinus antitoxin was not given. Staphylococcus and Pseudo- 
monas organisms grew from the culture of necrotic tissue ob- 
tained from the wound. No anaerobic organisms were isolated. 

The patient had the following normal or negative blood and 


urine studies: biochemical profiles including calciums, heavy metal 


screens, and drug screens. 

Results of repetitive nerve stimulation studies performed on 
the sixth day of hospitalization were normal; however, studies on 
the 12th day revealed signs of neuromuscular block consistent 
with the diagnosis of botulism (Fig 2). Electrophysiologic studies 
were performed using techniques previously reported.’ 

The patient’s neurologic deficits became maximum at the end of 
the first week of hospitalization. He then had bilateral ptosis, al- 
most nonreactive dilated pupils, severe external ophthalmoplegia, 
bifacial and bulbar weakness, and severe symmetrical, flaccid 


normal sensory examination. His sensorium remained clear. 
He remained in the hospital in the Intensive Mare Unit assis 
by a respirator until mid-October when he began to show improve- 
ment. a 
During the course of his hospitalization, which lasted two 


quadriparesis with preservation of deep tendon reflexes, zg 


months, he required treatment for pneumonia, pneumothorax fe- ° 


sulting from placement of a subclavian catheter, and anemia, 
which was thoroughly evaluated and believed to be secondary to 
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infection, mild gastrointestinal tract blood loss, and poor nutri- 
tion. 

Siace his discharge from the hospital, he has been seen on three 
occasions in six months and each time his neurologic examination 
has revealed fewer abnormalities with improvement in strength. 
The last examination, in May 1974, revealed mild proximal asym- 
metrical extremity weakness with the right upper extremity par- 
ticularly proximally showing most prominent residual atrophy 
and weakness. Very minimal myopathic facies was noted. Inter- 
estingly, the patient requires bifocal corrective lenses because of 
continuing difficulty in visual accommodation. 


COMMENT 


The case reported here is the tenth known case of 
wound botulism in the literature. Within the past year, 
four additional cases have been reported to the Center for 
Disease Control.’* It is of interest that of the 14 known 
cases, ten have been reported since 1970 (Table). Labora- 
tory confirmation was obtained in four cases by demon- 
stration of botulinus toxin in the patients’ serum. Clostrid- 
tum botulinum was isolated from the wound in five other 
cases. Seven were type A and two were type B. No labora- 
tory confirmation was obtained in five cases. These five 
cases were similar in that ten days or more had passed 
from onset of symptoms to time of diagnosis and testing. 
The clinical diagnosis was strengthened by electrophy- 
siologic confirmation in three of these cases as well as in 
two other cases where toxin was detected in the serum. 

The neurologic features of wound botulism are similar 
to those of food-borne botulism.’ Bulbar signs and symp- 
toms (diplopia, dysphagia, dizziness, ptosis) are followed 
by a descending paralysis and respiratory distress. Recov- 
ery may be prolonged but is usually complete. Four of the 
14 patients died. 

Electrophysiclogic techniques can be most helpful to the 
clinician in confirming the diagnosis of botulism. Repeti- 
tive nerve stimulation is a useful way for detecting de- 
fects of neuromuscular transmission. The changes in bot- 
ulism resemble those found in the Lambert-Eaton 
syndrome.’ With stimulation at 2 per second there is a 
decrement in the amplitude of the muscle potentials, while 
at 50 per second there is a potentiation, although it is not 
as marked as that seen in the Lambert-Eaton syndrome. 
In both conditions, the amplitude of the muscle potential 
to a single supramaximal nerve stimulus is below normal. 
An important difference is that the abnormality is seen in 
all limbs in patients with Lambert-Eaton syndrome but is 
not a constant finding in cases of botulism. Early in the 
development of botulism, the electrophysiologic response 
may be normal. Moreover, the response can be normal in 
one limb but abnormal in a more clinically affected limb. 
Studies should, therefore, be done serially in cases of bot- 
a The defect may not be obvious if the study is done 
earlygin the diseage. 

Recent Te” se microelectrode studies of human in- 
tercostal muscle biopsy specimen from a 25-year-old man 
with botulism provided data that help to explain the clini- 
cal reurophysiologic findings. Study of end-plate poten- 
tials with intracellular microelectrodes revealed a reduc- 
tion in frequeney of spontaneous miniature end-plate 
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potentials and in number of quanta of acetylcholine re- 
leased by nerve impulse (Edward H. Lambert, MD, PhD; 
Andrew Engel, MD; Michael Cherington, MD, unpublished 
data). Miniature end-plate potentials occurring spontane- 
ously in resting fibers had an amplitude lower than thdse 
released with increased frequency during rapid repetitive 
stimulation and lower than the quantal components of 
end-plate potentials evoked by nerve stimulation. The 
quantal components of end-plate potentials had a normal 
amplitude. There was a wide range of involvement of dif- 
ferent fibers. The degree of abnormality ranged from a 





Fig 1.—Patient’s left hand. 


Fig 2.—Tracing of evoked muscle action potentials with repetitive 
stimulation (50 per second) of right median nerve. Incremental re- 
sponse is characteristic of neuromuscular block of botulism. 
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; Age, Incubation Botulinus Electromyographic ° 
|_No Date State yr Sex Period, Days Toxin Confirmation 
| Sar 11/43 Pennsylvania 15 F 14 Not done Not done 
E 2 3/48 Louisiana 13 M 6 | Not done Not done 
y SER 3/51 California 44 M 6 Not done Not done 
noe A 5/68 California 44 M 7 None Not done 
a oO 4/71 California 7 M 4 Type A © Not done 
‘ 6 6/71 Nebraska 12 F 5 Type A Not done 
DE 7 8/72 West Virginia 38 M 9 None Yes 
a eB 9/72 Pennsylvania 7 M 17 None Yes 
a 9 11/72 Idaho 43 M 5 Type A Yes 
a 10 8/73 Colorado 19 M 7 None Yes 
a 11 3/74 Pennsylvania 12 M 7 None Not done 
7 12 3/74 Texas 17 M 5 None Not done 
13 5/74 Idaho 25 M 6 None Yes 
Bop 14 6/74 California 33 F 5 Type B Yes 


| - few fibers that had a normal release of acetylcholine to fi- 
bers in which no release ovcurred except for the appear- 
ance of a few miniature end-plate potentials during rapid 

= repetitive stimulation. Fifty percent of fibers released less 
= than 7 quanta of acetylcholine in response to 100 nerve 
impulses (normal, 60 quanta per impulse). Relatively few 
fibers in this biopsy specimen had quantal release by 
_ nerve impulse in the range in which anticholinesterases or 
facilitation of release of acetylcholine by guanidine or cal- 

cium would increase the end-plate potential to the firing 
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level for the fiber. 


| The patient reported here presents a clinical picture 
typical of wound botulism. We believe that, with increas- 
ing awareness of this condition, many more cases will be 
= recognized and diagnosed. Confirmation of the diagnosis 
in cases when toxin can no longer be found in the serum 
= can be obtained by use of electrophysiologic studies. 


Fourteen Known Cases of Wound Botulism 


This work was supported in part by the Martin J. and Mary Anne 
_ O'Fallon Trust. 
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Editorial Comment 


Botulism is a relatively rare clinical disease. The organism that 
produces the toxin is very widespread and the potential for its ap- 
pearance is always there. The authors present a case in which the 
clinical presentation was so classical it is difficult to think of rea- 
sonable neurologic alternatives despite the absence of bacteri- 
ologic and toxicologic proof. They have effectively utilized neu- 
rophysiologic tests to reinforce the probability of their clinical 
diagnosis. 

Since treatment and effective management is often dependent 
on early diagnosis, it is very important to recognize this complica- 
tion when present. 

This article serves to bring the problem into focus and affords 
useful approaches to the clinician in his attempts to define this 
life-risking complication. 

H. RICHARD TYLER, MD 
Boston 


Wound Botulism/Cherington & Ginsburg 








Successful Long-Term 





Intravenous Hyperalimentation 
in the Hospital and at Home 





Doru C. Bordos, MD, John L. Cameron, MD 


Experience with long-term intravenous hyperalimentation in the 
hospital and at home in one patient over a 22-month period is re- 
ported. After multiple operative procedures the patient was left with 
only her stomach, duodenum, and 5 cm of the proximal part of the 
jejunum. During a 12-month period in the hospital, despite many life- 
threatening complications and with high-output intestinal fistulas, 
her weight increased from 40.7 kg (90 Ib) to 70.1 kg (155 Ib) on in- 
travenous hyperalimentation therapy. During the past ten months, 
the patient has managed her intravenous feeding at home. A silicone 
elastomer catheter inserted into her superior vena cava through her 
facial vein has been used for the past ten months with no catheter 
sepsis. Although costly, home intravenous alimentation seems justi- 
fiable in selected patients because of the possible feasibility of bowel 
transplants in the near future. 


raed therapeutic advance in the care of critically 
and chronically ill surgical patients was made by 
Dudrick and his collaborators' through the development of 
a safe, effective, and efficient means of intravenously hy- 
peralimenting patients unable to ingest calories orally. 
Prior to Dudrick’s work, such patients ordinarily lost 
weight and were in a negative nitrogen balance at a 
time when an increased caloric and nitrogen intake were 
needed to overcome disease states and heal wounds. Cur- 
rently, intravenous hyperalimentation is available world- 
wide and is accepted as a reasonably safe method to be 
used in carefully selected patients. More recently, at- 
tem have been made to carry out long-term intra- 
venows hyperalimgntation at home in patients chronically 
unable to receive nourishment through the gastrointesti- 





Accepted for publication Oct 15, 1974. 
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nal tract.’ This report describes our experience with one 
such patient who has been receiving intravenous hyperali- 
mentation for nearly two years, the last ten months of 
which have been primarily at home. 


REPORT OF A CASE 


A 37-year-old woman was transferred to Johns Hopkins Hospi- 
tal from a community hospital on Oct 24, 1973, with intestinal ob- 
struction and multiple intra-abdominal abscesses. In 1966 she had 
undergone a subtotal colectomy with ileostomy for granulomatous 
colitis. One year later, an ileorectal anastomosis was performed. 
Over the next six years she underwent a total of six laparotomies 
for intestinal obstruction, with small bowel resections each time. 
Five weeks prior to her transfer to Johns Hopkins she underwent: 
exploratory surgery for intestinal obstruction and postoperatively 
developed sepsis and intra-abdominal abscesses. When she failed 
to respond to antibiotics and long-term intestinal intubation, she 
was transferred. Her admission weight was 40.7 kg (90 Ib). A sub- 


clavian catheter was inserted and intravenous hyperalimentation T 


was initiated and has been continued through the present time. 
She underwent exploratory surgery shortly after admission, and 
multiple abscesses were drained. There were numerous entero- 
enteric and enterocutaneous fistulas and less than 61 cm of normal 
bowel remained. Over the next 12 months the patient underwent 
exploratory surgery five times in an attempt to close or resect her 
intestinal fistulas and construct a length of functional bowel. Fi- 
nally she was left with only 5 cm of the proximal part of the jeju- 
num brought out as a jejunostomy. During this period she had 
multiple complications, including wound infections, urinary tract 
infections, pneumonia, multiple episodes of sepsis (both bacterial 
and fungal), ileofemoral thrombosis, pulmonary embolism, high- 
output intestinal fistulas, and renal failure requiring hemodialy- 
sis. After the sixth abdominal operation, her condition stabilized 
and her wounds healed. Despite 12 months of prolonged acute and 
chronic illness, her weight increased from an admission weight of 
40.7 kg (90 lb) to a peak weight of 70.1 kg (155 Ib), and then stabi- 
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= Fig 1.—Clinical course of patient over past 22 months. 
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lized at 588 kg (130 Ib) (Fig 1). She and her husband were in- 
structed and trained to carry out her intravenous feedings at 
home, and she was discharged in October 1973. Her routine has 
_ varied, but basically has been to infuse by gravity drip 2 liters of 
_ hyperalimentation fluid and 2 liters of dextrose and normal saline 
over a 20-hour period. This leaves a four-hour period during which 
~ she can fill her infusion line with heparin, seal it, and be free to 
a __ ambulate in her home. She was readmitted in February 1974, and 
= a gastrojejunostomy and gastrostomy (Fig 2) created in order to 
=~ ease the collection of her gastrointestinal secretions. She now 
keeps her gastrostomy tube connected to straight drainage and 
does not have to wear an ostomy bag. 


x METHODS 
Bi _ Hyperalimentation Solution (HAS) 


A E The stock HAS in our hospital is a 20% solution of dextrose con- 
taining 30 mEq of sodium, 30 mEq of potassium, 40 mEq of chlo- 
ride, 13.5 mg of calcium, 4.5 mEq of magnesium, and 18 mEq of 
yy _ phosphate. Thirty grams of casein protein hydrolysate are added 
be to each liter. The solutions are prepared by our pharmacy using 
_ strict sterile precautions under a laminar flow hood. The electro- 
lyte composition of the HAS is changed periodically for individual 
~ patients as the need arises. From 1 to 5 liters of HAS have been 
X ir used daily into our patient, depending on her weight and ca- 
lorie requirements. Currently she believes her weight of 58.8 kg 
A (130 Ib) is excessive, and her intake of HAS has been decreased to 
1 liter per day to encourage weight loss. Because of upper gas- 
 trointestinal tract losses of about 2 liters per day through her gas- 
p y trostomy tube, the total intravenous intake daily is maintained at 
4,000 ml. Two or three liters of 5% dextrose in normal saline with 
added potassium is given daily to make up this difference. Multi- 
~ vitamins are added daily to 1 liter of HAS. The patient’s hemato- 
= crit reading tends to drift down toward 30% each month to six 
= weeks, and to counter this and to supply trace metals an occa- 
g sional transfusion of whole blood is given. The calcium content of 
_ the solution has had to be decreased and the phosphate increased 
on several occasions when hypercalcemia in the range of 12 
 mg/100 ml developed. Also, the potassium has had to be decreased 
_ during times of impaired renal function. For much of the period, 
however, the stock solution has been adequate. Vitamin K and 
folic acid are given intramuscularly twice a week, and cyan- 
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Fig 2.—Present status of alimentary tract in patient undergoing 
long-term intravenous hyperalimentation. 


ocobalamin once a month. The patient’s intake in the future will 
be occasionally supplemented with intravenously administered 
lipid. 


Delivery System 


Initially the HAS was delivered through subclavian lines in- 
serted using strict sterile precautions, and changed every three 
weeks. However, after six months in the hospital, her left subela- 
vian vein thrombosed and the line remained on the right side for 
six months. The catheter site was carefully cleaned daily and an 
antibiotic ointment applied. Despite this care, there were many 
episodes of sepsis, both bacterial and fungal. The actual sour 
sepsis was always in doubt, however, because of her multipl§ ab- 


dominal wounds. After a documented Candia septicemia, her 


central catheter was flushed every other day for three months 
with 2 ml of a 1 mg/1 ml solution of amphotericin B. She became 
sensitized to the drug, however, and the flushes had to be termi- 
nated. Despite their termination, fungal infections have not Been 
a problem over the past 12 months. Ls On at 

For the past ten months the patient has had a silicone elastomer 
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central line in place inserted through her right facial vein into her 
superior vena cava as described by Langer et al.’ The line is tun- 
neled subcutaneously for 8 cm from the facial vein before pene- 
trating the skin below the clavicle. An antibiotic ointment, and 
more recently a povidone-iodine (Betadine) ointment, have been 
used at the catheter site daily and no local or systemic evidence of 
bacterial or fungal infection has been seen. All intravenous tubing 
is changed daily and 0.45y filters are changed twice a day. No 
medications are given through the line, and her transfusions are 
given peripherally. 


Monitoring 


Initially, primarily because the patient was critically ill, daily 
electrolyte values, complete blood count, and 12-channel screens 
were obtained. As the electrolyte balance became stable, the moni- 
toring intervals were gradually lengthened; monitoring is now 
done approximately once a month when the patient is brought to 
the hospital for a check. Initially, close monitoring is essential to 
be sure electrolyte balance is being maintained with the concen- 
trations in the stock HAS. The amount of HAS was started at 1 li- 
ter per day and advanced slowly. Glucose metabolism was moni- 
tored closely. The patient frequently spilled 1-2+ glucose in her 
urine and had blood glucose levels in the range of 300 mg/100 ml. 
Only rarely, however, has she required insulin for marked hyper- 
glycemia. At times the patient’s blood glucose levels have dropped 
below 50 mg/100 ml when her HAS was stopped suddenly for sev- 
eral days, but she has never been symptomatic. She has not had to 
check her urine for glucose at home. Daily weights were recorded 
while the patient was in the hospital, but at home she weighs her- 
self only occasionally. 


COMMENT 


Hyperalimentation is well established as an effective 
and safe means by which a critically ill patient can be 
maintained in a positive nitrogen balance. For 12 months 
our patient was critically ill with multiple bouts of sepsis 
and with high-output intestinal fistulas, unable to ingest 
calories by mouth. The patient would not have survived 
during this period without hyperalimentation. She was 
not only maintained in a positive nitrogen balance while 
critically ill, but gained over 27.1 kg (60 lb). The complica- 
tions secondary to her intravenous feeding (pneumothorax, 
thrombosed left subclavian vein, possible sepsis) were a 
small price to pay for survival. 

When the patient’s condition finally stabilized after 12 
months in the hospital, the problem of long-term alimen- 
tation arose. With only a stomach, duodenum, 5 cm of 
the proximal part of the jejunum, and a rectal stump, 
sufficient nournishment obviously could not be delivered 
through the gastrointestinal tract. Home intravenous ali- 
mentation appeared to be the only alternative. The sili- 
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cone elastomer catheter has made home intravenous feed- 4 
ing feasible. The exit site is located so the patient or her — 


husband can conveniently deliver the daily sterile care, — 
but it is far enough away from the catheter’s entrance ~ 
into the vein so that infection has been no problem. In- — 


struction was given to the family on sterile technique, and 


they have been able to manage intravenous feeding at _ 


home with no difficulty. A great deal of time and effort is 


required of the entire family, and this clearly is the main _ 


focus of the home life. It has been accomplished safely, 


however, and with no unforeseen problems. 


The end point of such therapy is difficult to set. The pa- t 


tient is aware that with intravenous feeding she can 


maintain not a normal, but a reasonably tranquil and 
worthwhile existence. The withdrawal of such therapy, 
therefore, is not possible. Such long-term home therapy is 


expensive, and currently no third-party payer will support 
it. The Johns Hopkins Hospital makes and supplies the 
HAS free of charge, as well as intravenous tubing and 
medications. Technically, a small bowel transplant in such 
a patient would be relatively easy, and would convert her 
to a normal existence. The hope that this procedure will 
some time in the next few years become feasible seems to 


justify such expenditure of time and effort by the medical | 


community in selected patients. 

The patient has.now been maintained completely on in- 
travenous hyperalimentation for a total of 26 months, the 
last 14 months of which have been principally at home. 
She remains in good health with no serious, life-threat- 
ening problems. 


Nonproprietary Name and 
Trademark of Drug 


Amphotericin B—Fungizone. 
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l q An Approach to the Thoracic Cavity 


| “Benjamin G. Narodick, MD 


k The technique involves resecting a 1-cm section of rib posteriorly 
= and then splitting the rib longitudinally with the Stryker saw or the 
- neuroaerotome to the desired point anteriorly, where the rib is again 
i! _ divided. Blood loss on entering is minimized, reapproximation during 
closure is simpler and more secure than by other methods, and the 


_ patients experience little postoperative pain. 











Mg fr: two most widely used methods for entering the 
Be: pleural space are through the bed of a subperiosteal 
= rib resection or by means of an intercostal incision. While 
_ the subperiosteal rib removal method provides maximum 
exposure and is the more popular approach, its drawbacks 
E are well recognized by the thoracic surgeon. Following re- 
pair of this incision, an imprisoned intercostal neurovascu- 
lar bundle can be the source of severe acute or chronic 


. I 
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È 
t- 


E pain, often termed the “postthoracotomy syndrome.” Oc-. 


bt 5 casionally, instability of the wound occurs, and dehiscence 
= and herniation may complicate the postoperative course. 
E : . . a} se . r 
= The intercostal incision provides restricted exposure un- 
= less adjacent ribs are fractured inadvertently or divided 
= in anticipation of fracture. Repair of this incision spares 
- the neurovascular bundle, but the adjacent rib fractures 
may cause chronic intercostal pain. Despite the use of 
prrericostal sutures to relieve tension in the intercostal re- 
Ei _ pair, rib movement often occurs, and instability of the 
= wound is difficult to avoid. 
a The thoracoabdominal approach to the upper part of the 
5: abdominal cavity provides maximum exposure of the area 
buti is used reluctantly because of difficulty in obtaining a 
K Eeonte repair. Frequently, instability of the chondral mar- 
a gin results in acute and chronic pain, sometimes leading 
ii, to: development of atelectasis and pneumonitis and occa- 
= ~ sional disruption of the wound. Again, instability may oc- 
E. 
4 = Aceepted for publication Oct 24, 1974. 
== From the Department of Thoracic and Cardiovascular Surgery, Medical 
ss College of Wisconsin, and Department of Surgery, Deaconess Hospital, 
me Milwaukee. 
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The Split Rib Technique 


cur after either resection of the rib and cartilage or the in- 
tercostal incision. The chondral cartilage must be divided; 
in the repair, this small point of contact is dependent for 
security on tenuous cartilagenous suturing by perichon- 
dral and pericostal sutures, which may result in a very mo- 
bile and precarious closure. 

In the anterior or anterolateral thoracotomy with either 
rib resection or through the intercostal bundle, the diffi- 
culties in exposure and in closure of the wound are magni- 
fied even more. Here the intercostal spaces are widened 
anteriorly and adjacent rib approximation is restricted by 
the sternal attachments. 


PROCEDURE 


With the development of the Stryker oscillating saw and the 
neuroaerotome, it is now feasible to divide a rib longitudinally 
using either instrument. The periosteum and the intercostal bun- 
dles remain attached to the split ribs. Exposure of the pleural 
space is as wide as with the subperiosteal resection, and closure is 
quick and simple using wire pericostal sutures. The rough sur- 
faces of the split rib help to insure stability as the wire is tight- 
ened. The neurovascular bundle remains free of engulfing sutures, 
thus lessening the possibility of postoperative pain. 

The rib splitting technique can be applied with ease to the 
thoracoabdominal incision and can also be used to advantage by 
the general surgeon who finds he must extend an abdominal inci- 
sion into the thorax. 


TECHNIQUE 


The rib may be split with the Stryker saw, but the availability 
of the neuroaerotome has helped simplify the procedure. 

1. The rib is divided posteriorly and 1 cm removed (Fig 1). The 
rib is then split longitudinally with the saw, using the nf 
blade. The anterior portion of the rib is not diqded until the Yon- 
gitudinal split has been completed. 

2. Three or four crossmarks on the rib are made with cautery to 
facilitate correct approximation during closure. If desired, the 
neurovascular bundle under the inferior rib edge may be freed. 
and retracted at these points during wire placement to avoid im- 
prisonment by suture. 
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Tig i Fig 1.—Anterolateral approach for lung biopsy examination al- 
~ lows wide exposure for exploration. 


3. The split ribs do not interfere with the action of the rib 
$ ate on spreader, allowing the same wide exposure as with a rib resection. 
[p 4. Approximation of the split rib by wire twisting effects a 
quick secure closure, compensating in speed for any delay result- 
ing from the opening procedures. 

5. Small defects in the intercostal space anteriorly and posteri- 
= orly are closed with interrupted catgut sutures, avoiding the 
neurovascular bundle. 

6. The thoracoabdominal approach is effected in a similar man- 
7 ner ( ig 2). Starting posteriorly, the seventh or eighth rib and car- 
5 tilage are split, carrying the split directly across the chondral 
margin. 
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h The split rib technique has now been used for approxi- 
ai i DARS eight years. Although used originally for the 
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Fig 2.—Twisted wire secures not only split rib but attached chon- 
dral margin as well. ; E 
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thoracoabdominal approach, this method has proved , 
in a routine approach to the thoracic cavity. The occasional 
transverse sternal approach, including split ribs in we 
chest walls, closes easily with twisted wire perichondre a 
sutures. By splitting the second cartilage and rib, the 
technique has also been used in the anterior paramediasti- 
nal approach. Exposure is as effective as with pesk T 
the cartilage, but there is no residual anterior ami wall a 
defect. | DEG 
Evaluation of the advantages of using the split rib teche 
nique in an active thoracic surgical practice over an a 
extended period of time has been based on subjective im- ria uy 
pressions in observing the patient during the postopen aie 
tive period. In comparison to the usual approaches 
chest cavity, we have noted fewer postoperative pati 3 n 
complaints and postoperative complications. POL pie 
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Blowhole Cecostomy 
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for Cecal Decompression 


_ Eugene D. Gierson, MD, F. Kristian Storm, MD 
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å - Blowhole cecostomy is a method for achieving decompression of 
E the distended cecum. Emphasis is placed on a McBurney-type inci- 
sion, a watertight suture line joining bowel to muscle, and avoidance 

| of opening the cecum until the suturing is done. 
po 
-) lowhole cecostomy is a method of safe, sure de- 
i > compression of the distended cecum. It is a simple 
E: procedure, and no tube is required. Venting of cecal gas is 
ti assured. Our technique is derived from those described by 
E E dunt’ and Turnbull et al.’ 


ae TECHNIQUE 


= Local 4% lidocaine (Xylocaine) with epinephrine’ or light gen- 
eral anesthesia is used. A transverse incision is made through 
a McBurney point (Figure). The muscles may be cut or split. It is 
_ important to remain lateral to the rectus muscle and to keep the 
4 a incision small to ensure that the cecum is encountered and not the 
~ small bowel. The distended cecum will “pop” into the wound, and 
R. on is identified by the presence of tenia. It is desirable to have a por- 
_ tion of the cecum protrude above the skin, as this facilitates place- 
* ment of a colostomy bag. 
ae S, The seromuscular layers of the cecum are sutured to the exter- 
n nal or internal oblique muscles (Figure), care being taken to in- 
Le [e og the aponeurosis of these muscles in each suture; 3-0 silk su- 
tures, with swaged-on needles, are used. Care is taken not to 
- penetrate the mucosa of the bowel. These interrupted sutures are 
_ placed circumferentially, and closely spaced to ensure a water- 
tight seal. If there is doubt that a watertight seal has been 
(|, achievad, a second layer of interrupted, nonabsorbable sutures is 
7” aced, joining the cecal wall to the subeutaneous fat.’ 

























a Accepted for publication Oct 29, 1974. 
= From the Department of Surgery, UCLA Medical Center, Los Angeles, 
_and the Sepulveda Veterans Administration Hospital, Sepulveda, Calif (Dr. 
Gierson). Dr. Gierson is currently with the Southern California Perma- 
-nente Medieal Group, Harbor City, Calif. 
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The cecum is incised with scalpel through the tenia or through a 
lateral-inferior area (Figure). Large quantities of gas and stool 
will spill out. A lateral-inferior incision facilitates gravity drain- 
age into the subsequently placed colostomy bag. Cautery should 
not be used, as explosion may result.** Bleeding of the cut edges 
of the cecostomy is controlled by clamp and silk ligature. The skin 
is not closed. 

We have used blowhole cecostomy in two patients. 


REPORT OF CASES 


Case 1.—A 62-year-old man who was bedridden with multiple 
sclerosis developed urinary retention and a urinary tract infec- 
tion. The abdomen became distended, cecal diameter was 15 cm 
(abdominal roentgenogram), and a diagnosis of impending cecal 
perforation due to colonic ileus was made. A blowhole cecostomy 
was created under light general anesthesia. This decompressed 
the bowel, and elective closure of the cecostomy was done five 
months later. 

Case 2.—A 73-year-old man with gangrene of the right foot de- 
veloped severe abdominal distention one week after a right below- 
knee amputation. An abdominal roentgenogram revealed a cecum 
14 cm in diameter. Barium enema and sigmoidoscopy failed to 
show any lesion. Using local anesthesia, an emergency blowhole 
cecostomy was done. One area of the cecal wall was nearly rup- 
tured. The cecostomy decompressed the colon and continued to 
function well until it was closed five months later. 


COMMENT 


Blowhole cecostomy can be performed under local anes* 
thesia. It is safe and simple. Decompression of the cequm 
is guaranteed, and the problems of a tubs cecostomy are 
avoided. Such problems include occlusion of the catheter 
with stool, intraperitoneal spillage of stool, and postopera- 
tive rupture of the cecum. Tube cecostomy has failed. to, 
decompress the cecum in as many as 50% of cases,” 7 and 
inadequate function of the tube c can be fatal.*”° Many au- 
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] A, Transverse 5-cm incision at McBurney point. Cecum, identified 
: by tenia, distends through wound. B, Anterior and transverse views 
Be of watertight seal between cecum and abdominal wall. Cecum su- 
pA tured to fascia with 3-0 silk. C, Cecum opened along tenia. 


thors have noted dissatisfaction with tube cecostomy,! 11-1 
although good results have been reported." 
Perforation of the cecum results in a mortality ap- 
proaching 50%." The occurrence of cecal perforation is dif- 
ficult to predict in advance. However, the normal cecum is 
less than 9 cm in diameter’: and in several reports of ce- 
_ cal rupture, the diameter was 9 em or larger.'"*°-** Thus we 
have adapted the “rule-of-nine”: “A cecum 9 cm or larger 
is in danger of rupturing.” This circumstance requires 
careful therapy. 
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r 3rief C lir nical Notes 






KA Report of Two Cases 


pa - Only two cases of trauma to the vermiform appendix are recorded 
_ in the English literature. This report adds two more cases: one due to 
he penetrating bullet wound of the abdomen where tangential lacer- 
ation of the appendix was the only intra-abdominal injury, the other 


) ia 
fi an avulsion of the appendix from the mesoappendix resulting from 
E blunt abdominal trauma. Preoperative diagnosis of this specific le- 
p sion could not be made. Both patients were successfully managed by 


pateo. 


= to the appendix are exceedingly uncom- 
= 4 mon. The purpose of this article is to report two cases 
= of trauma to the appendix: one caused by a gunshot 
3 = wound to the abdomen and the other by blunt abdominal 


trauma. 


E: b l “a REPORT OF CASES 


7 Case L—A 26-year-old man was admitted with a gunshot wound 
È in the right lower quadrant of the abdomen. Examination of the 
abdomen revealed normal bowel sounds and only minimal guard- 
_ ing around a small entrance wound in the right lower quadrant. 
_ There was no muscle spasm, and results of a rectal examination 

_ were normal. The abdomen was explored through a midline inci- 
sion, and the only intra-abdominal injury found was a tangential 
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Trauma to the Appendix 





The ARCHIVES welcomes the submission for review of Brief Clinical 
Notes. These are to consist of no more than 400 words, two references, 
and one illustration. The Synopsis-Abstract should not exceed 80 words. 


David A. Geer, MD; George Armanini, MD; James M. Guernsey, MD 





Appendix in patient 2. Note avulsion of mesoappendix and ee. fon 
sis of distal my Sau of appendix. >; 3 
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wity. An appendectomy was performed, and the 
S postoperative course was uncomplicated. 
ae Case 2.—A 39-year-old man sustained blunt trauma to the abdo- 
men in an automobile accident 24 hours prior to admission. He was 
= seen immediately following the accident, complaining of mild ab- 
=- dominal pain and a laceration of the left knee. The laceration was 
~ sutured and his abdominal pain was considered to be due to ab- 
-~ dominal wall contusion. He was discharged, but returned 24 hours 
_ later because of increasingly severe pain, mainly in the lower part 
of the abdomen. Pertinent findings were limited to the abdomen, 
which was diffusely tender with guarding in both lower quadrants. 
_ There was rebound tenderness in the right lower quadrant. Bowel 
= sounds were absent. 
__ The preoperative diagnosis was intra-abdominal hemorrhage. 
~ At operation, the only findings were a small amount of blood in 
= the peritoneal cavity, a 4-cm tear in the mesentery of the distal 
=~ part of the ileum, and avulsion of the appendix from the mesoap- 
pendix. The distal two thirds of the appendix was necrotic (Fig- 
ure). The appendix was removed, the mesenteric defect repaired, 
and the patient’s subsequent postoperative course was unremark- 
_ able. The microscopical examination of the appendix confirmed a 
- diagnosis of hemorrhagic infarction. 


COMMENT 


i Penetrating trauma to the abdomen involving the ap- 
~ pendix may be more common than can be appreciated 
from a review of the literature. It is likely that such cases 
are associated with other intra-abdominal injuries and the 
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appendicealt injuries may go uiireported. lnjury to the ap- i 
pendix secondary to blunt abdominal trauma, however, — 
must be very rare indeed. Gatewood and Russum’ re 
ported a case similar to our own in which a 39-year-old 
woman sustained blunt trauma to the abdomen and at 
laparotomy was found to have avulsed the distal thi se 
fourths of the appendix. Burgess’ reported the only oth th er 
similar case that we could find in the English literatu: me. | 
He described a patient who developed abdominal pain. 
ter using a pneumatic drill that rested on the right lower 
quadrant of his abdomen. At exploration, the patient was $ 
found to have avulsed the tip of the appendix,  — X o” | 
One can only speculate as to the mechanism of these ap- _ 
pendiceal injuries secondary to blunt trauma. In cases — 
such as our second one and the one described by Gatewood x 
and Russum, the patients sustained sudden deo 
injuries. The cecum is in a relatively fixed position in rela- 
tion to the appendix, and a sudden deceleration could k 
cause avulsion of the mesoappendix with resulting 3 
chemia and necrosis of the distal part of the i 
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Gallstone Ileus 


in the Absence of a Gallbladder 


A Case Report 


Terry M. Lindsey, MD; Andres Katz-Unger, MD; William M. Strickland, Jr., MD 


P E peas ileus in the absence of a gallbladder is ex- 


tremely rare; to our knowledge, only two previous 
cases are reported in the literature. In 1939 Dulin and Pe- 
terson reported a case of gallstone obstruction of the 
small bowel, but this diagnosis was made post mortem.’ In 


= 1951 Warner and Swan reported a case of gallstone ileus 
two years postcholecystectomy in a man who previously 


had had a subtotal gastrectomy and gastrojejunostomy.’ 
The following is a case report of gallstone ileus occurring 


15 years after cholecystectomy and nine years after com- 


mon duct exploration for a single retained stone. 
REPORT OF A CASE 
A 69-year-old woman was admitted May 5, 1974, with a 36-hour 


ee history of cramping lower abdominal pains with associated nausea 


and vomiting. There had been no diarrhea, melena, or jaundice. 
Her history showed two ovarian cystectomies 24 and 23 years ago; 
hysterectomy and appendectomy 20 years ago; cholecystectomy 15 
years ago; and common duct exploration for a single retained 
stone nine years ago. 

Physical examination disclosed an acutely ill woman with blood 
pressure of 150/100 mm Hg; pulse, 90 beats per minute; and tem- 
perature, 37.4 C (99.4 F). Hypoactive bowel sounds were heard in a 
slightly distended abdomen. There was left lower quadrant ten- 
derness and rebound tenderness. No masses were palpable. Hemo- 
globin and hematocrit values were normal. The white blood cell 
count (WBC) was 13,600/cu mm, with 89% segmented neutrophils 
and 11% lymphocytes. Results of a urinalysis; amylase, electrolyte, 
blood urea nitrogen, and creatinine values; results of blood chem- 
istry studies using an automated analysis system; and an electro- 


-_ eardiogram were normal. Roentgenograms of the abdomen on the 





day of admission showed gaseous small bowel distention. She was 
treated with nasogastric suction and intravenously administered 
fluids. Additional roentgenograms of the abdomen one day later 
showed a calcific density overlying the right iliac wing, in addition 
to the small bowel distention. Close review of the initial x-ray 


f; H films showed no evidence of the calcific density. The patient was 





taken to surgery where a small bowel obstruction was found due 
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Gallstone responsible for gallstone ileus. 


to a 40x 20 x 25-mm gallstone (Figure) lodged 25.4 em proximal to 
the ileocecal valve. The stone was removed through an ileotomy. 
Exploration revealed no other stones and no fistulas. An intra- 
venous cholangiogram four weeks postoperatively was entirely 
normal. Analysis of the gallstone showed 90% cholesterol and 10% 
mixed bile pigments composition. 


COMMENT 


The gallstone found at surgery is believed to have origi- 
nated in either the original gallbladder or the common bile 
duct. Of course it could have been lying dormant in a 
duodenal or jejunal diverticulum, having passed spontane- 
ously through the common bile duct or through a cholecys- 
toenteric fistula previously. = R 
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- Letters to the Editor 


The editor will be pleased to receive cor- 
respondence of 250 words or less that per- 
tains to material published in the AR- 
CHIVES or to other matters of interest to its 
readers. Letters should be typewritten 
double-spaced and should be clearly 
marked “For Publication.” No more than 
two references are permitted and illustra- 
tions are acceptable only when essential to 


the message. 


_ What Kind of Elastic Stocking? 


To the Editor._In your editorial, 
“News on Thromboembolism from 
London” (Arch Surg 109:477, 1974), 
you called attention to an article by 


Browse et al (Br J Surg 61:219, 1974) 


that alleges that elastic stockings are 
ineffective in preventing thrombi in 
calves of patients undergoing major 


surgery. Before such a conclusion can > 


be accepted, it is important to con- 
sider how this compression affects 


venous blood flow velocity. 


Elastic compression in that study 
was provided by a single layer of 
tubular stockinette (Tubigrip), size 
G4RT 6.75 em, applied from the ankle 
to below the knee. No evidence was 
presented that this increased linear 
flow velocity in deep veins. Browse et 
al cite an article by Makin et al. 
However, Makin et al used a double 
layer of Tubigrip and measured 
venous circulation time, not linear ve- 
locity per se. Furthermore, there are 
features of single-layer Tubigrip that 
indicate that it may not be effective. 
First, it does not produce graduated 
compression. Second, the amount of 
compression provided by single-layer 
Tubigrip is about 5 to6 mm Hg at the 
calf (C.R. Memhardt, MS, oral com- 
munication, November 1974), In a 
study recently published in the Ar- 
CHIVES (110:171, 1975), we report that 
such a compression produces an in- 


_ substantial increase in velocity and 


= that gradient compression of 18 mm 


_ Hg (ankle) to 8 mm Hg (midthigh) is 


optimal for producing the greatest in- 
crease in velocity. Since it remains to 
be sltown that siagle-layer Tubigrip 
increases deep vein flow velocity, and 
since other types of compression have 
been demonstrated to increase ve- 


locity substantially, I do not believe 


that we can accept the effect of treat- 
ment with Tubigrip as representative 
¢ t ; 
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of all elastic stocking compression. 
A definitive study is needed to test 
the effectiveness of elastic stocking 
compression. The end-point measure 
of such a study probably should be 
pulmonary embolism. It is notewor- 
thy that in the article by Browse et al, 
two of four possible episodes of pul- 
monary embolism occurred in pa- 
tients without 'I-fibrinogen evi- 
dence of thrombosis. Recent advances 
in nuclear medicine in this coun- 
try using perfusion-ventilation scan- 
ning to diagnose pulmonary embolism 
more precisely may provide the basis 
for such a definitive study. The poten- 
tial of this method could greatly en- 
hance the quality of clinical research 
in this field that you, quite appropri- 
ately, call for in your editorial. 
BERNARD SIGEL, MD 
Chicago 


1. Makin GS, Mayes FB Holroyd AM: 
Studies on the effect of ‘ ‘Tubigrip” on flow 
in the deep veins of the calf. Br J Surg 
56:369-372, 1969. 


Technique of Arteriography 


To the Editor.—I read with consid- 
erable interest the article “Salvage of 
the Ischemic Lower Extremity in Pa- 
tients With Poor Runoff” (Arch Surg 
109:784, 1974), as well as the editorial 
comment by Mannick (Arch Surg 
109:786, 1974). A critical point in both 
presentations was the status of the 
“runoff.” The qualitative evaluation 
of the runoff was based on angio- 
graphic observations, yet the details 
of how the angiograms were per- 
formed were omitted. 

Angiographic data may be either 
positive or negative. Positive obser- 
vations are judgments based on the 
appearance of an opacified artery, ie, 
the presence, number, site, and 
length of obstructions, as well as 
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their degree and whether PEE E, 


are ulcerated and so forth. Negative 
observations are based on the failure 
to fill certain vessels or segments of 


vessels. From such negative observa- 


tions one may infer that vessels are 


obstructed. The confidence with which 


one can make such an inference is 


based on the manner in which the ar- 
teriogram was performed. The site, 
rate, volume, and type of injected ma- 


terial is important. The timing and 


number of exposures, as well as the _ 
length of the filming interval, have — z 


considerable implication. Whether 
vasodilators or reactive hron 


were used to enhance flow through 


collateral and thus distal opacifica- a 


tion and in what manner is crucial. 


If we are to make informed judg kim p 
ments about arteriographically deter- 


mined facts, ie, the status of “run- 


off,” the details of arteriography 
must be known. Until such informa- 


tion becomes an integral part of the 


data presented in the discussion of 
peripheral arterial problems, the lit- 


erature will be suboptimal. 
ANDREW B. Crummy, MD 
Madison, Wis 


Reply 


To the Editor.—We believed that — 
our methods of angiography were ~ 


quite standard and did not warrant a 
detailed disclosure. In the interest of 


brevity, these are the details: (1) site 


of entry: retrograde femoral cathe- 
terization or infrarenal translumbar 
aortogram needle; (2) rate of injec- 
tion: 6 ml/sec, usually for three sec- 
onds; (3) type of injection material: 
diatrizoate (Hypaque 60) meglumine; 
(4) time sequence at the level of the 
runoff: four-second delay, one per sec- 
ond times seven exposures, one every 
two seconds times four exposures, one 
every three seconds times seven expo- 
sures, for a total of 40 seconds. 

We have utilized vasodilators or re- 


active hyperemia only when we did — 
not demonstrate runoff suitable for — 


bypass. Based on my recollection, 
none of the patients in this series 
were deemed to be operable only af- 
ter the performance of ischemic stud- 
ies, 

All of the patients in whom we 
have performed postoperative se- 
quential angiography (as described 
above) or intraoperative angiography 
(streaming 30 ml of a mixture of so- 
dium and meglumine diatrizoates 
[Hypaque-M, 75] through a 17-gauge 
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common femoral artery over a period 

= Of 30 seconds) have shown the runoff 
= to be consistent with the preoperative 
= assessment. 

O ASI : RicHARD T. Purpy, MD 

a New York 


Thickness of Skin Graft Blade 


Eo To the Editor.—The article by Dr. 
= Vecchione entitled “A Technique for 
= Obtaining Uniform Split-Thickness 
= Skin Grafts” (Arch Surg 109:837, 
= 1974) contains an obvious error. The 
k No. 15 Bard-Parker knife blade illus- 
o trated is described as being “about 
 0.17Xx10-* em” thick. This is 0.000067 
E (67 millionths) of an inch, which is 
E A thin indeed. 
A EUGENE A. GASTON, MD 
Framingham, Mass 


= Reply 
~ To the Editor.—Dr. Gaston’s letter 
_ was referred to Dr. Vecchione, who, 
‘in turn, conferred with the Becton, 
Dickinson Company about the thick- 
= ness of that portion of the No. 15 
= Bard-Parker knife blade used by him 
to assess graft thickness. 

Dr. Gaston, indeed, spotted the er- 
ror. Instead of 0.17x10-* em thick- 
= ness, as given in the ARCHIVES, it 
= should have been 3.6x10-* cm since 
_ the blade thickness will vary between 
0.0368 and 0.0394 em (0.0145 and 
= 0.0894 inches) in both the stainless 
ĝ -steel and carbon blades. 
But, in the words of another physi- 
; cian, Oliver Wendell Holmes, “The 
brightest blade grows dim with rust. 


a Rosert M. Gotpwyn, MD 
By Brookline, Mass 


The Antimesenteric Slit 


Te the Editor.—The article, ‘“Anti- 
mesenteric Slit: An Aid in the Pri- 
+ mary Maturation of the End Colos- 

tomy” (Arch Surg 109:580, 1974), 

= violates the primary concepts and ad- 
= vantages of end colostomy. The prin- 
cipal advantage of an end colostomy, 
as contrasted with a side colostomy, is 
the sphincteric effect of the circular 
muscles which remain intact. The lon- 
gitudinal muscle eliminates the effec- 
tiveness of the cut circular muscles 
in side colostomy, preventing any 
sphincteric effects. In an end colos- 
tomy, the circular muscles remain in- 
tact, unimpeded by the cut longi- 
tudinal muscles. 
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Eversion is not necessary in an end 
colostomy as it is in ileostomy. The fe- 
cal stream is not irritating to the skin 
as is ileal content. Simple tacking of 
the bowel to the skin produces pri- 
mary maturation without serositis 
and minimizes stricture formation. 
Discrepancy in size between end co- 
lostomy and skin is usually evened 
out by a few extra sutures. 
LAWRENCE BRASLOW, MD 
Riverside, Calif 
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Reply 


To the Editor.—While theoretically 
the circular muscle of an end colos- 
tomy might be expected to produce 
some sphincteric effect, in actuality it 
does not. No end colostomy acts as a 
true sphincter; continence is never 
present. An end colostomy when pri- 
marily matured, with or without an 
antimesenteric slit, functions the 
same way. The short antimesenteric 
slit simply facilitates eversion of a 
small-diameter colon, so that the co- 
lostomy may be fashioned to protrude 
above skin level as a short nipple. The 
circular muscle below the slit still pro- 
duces the same nebulous sphincteric 
effect that it would if no slit had been 
made. Any apparent sphincter func- 
tion arises from the action of the 
muscles of the abdominal wall 
through which the colostomy is 
drawn. 

Murry G. FISCHER, MD 
New York 


Carcinoid Tumors With 
Supraclavicular-Lymph Node 
Metastasis 


To the Editor.—Welling and Tag- 
gart recently reported the first case 
of carcinoid tumor metastatic to the 
neck (Arch Surg 110:111, 1975). In the 
last four years we had the opportu- 
nity to evaluate 22 patients with 
carcinoid tumors. Although none of 
the 11 patients with nonserotonin-se- 
ereting carcinoid tumors had cervical 
node involvement, three of the 11 pa- 
tients with serotonin-producing carci- 
noid tumors (and the carcinoid syn- 
drome) had enlarged suprartvelcnlae 
nodes. 

A 58-year-old man developed me- 
lena and a left supraclavicular mass 
in 1963. Biopsy examination revealed 
that the mass was a Virchow node 
containing carcinoid tumor. The pri- 
mary carcinoid tumor, located in the 
um, was resected. In ae 
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the patient developed the carcinoid 
syndrome. In 1972, during a lap- 
arotomy for recurrent gastroiņtesti- 
nal tract bleeding, hepatic metastases 
were noted. In 1974 the patient’s liver 
function test results, liver size, and 
results of a liver scan (technetium Te 
99m sulfur colloid) remained within 
normal limits. 

A 64-year-old woman was admitted 
with a left supraclavicular mass in 
1970. Biopsy examination of the mass 
revealed a lymph node containing 
carcinoid tumor. In 1971, the patient 
developed the carcinoid syndrome 
with abdominal pain, and a primary 
carcinoid tumor of the ileum was re- 
sected. In 1973, the patient’s liver size 
and results of liver function tests and 
a liver scan remained within normal 
limits. 

A 56-year-old man developed the 
carcinoid syndrome and hepatomeg- 
aly in 1972. At that time, biopsy ex- 
amination of a right supraclavicular 
mass revealed a lymph node contain- 
ing carcinoid tumor. The patient died 
two years later with extensive he- 
patic and pleural metastasis. Autopsy 
did not reveal the origin of the pri- 
mary tumor. 

Our experience suggests that su- 
praclavicular node metastasis may be 
a frequent early occurrence in pa- 
tients with carcinoid tumors. 

JEROME M. FELDMAN, MD 
JAMES W. PLONK, MD 
Durham, NC 


Spasm and Operative Cholangiography 


To the Editor.—I wish to offer my 
solution to the problem of “Spasm 
and Operative Cholangiography” as 
described by Chessick et al (Arch 
Surg 110:58, 1975). 

Some 15 years ago in the role of 
“kibitzing” anesthesiologist, I placed 
0.12 gm of nitroglycerin under the 
tongue of a patient who had a normal 
cholangiogram except that the dye 
did not pass into the duodenum. A 
short time later the roentgenogram 
was normal in all respects and dye 
had entered the intestine. 

Since then I have used this tech- 
nique many times to rule out spasm 
in otherwise normal cholangiograms. 
Earlier, cyclopropane was usualty the 
anesthetic, but more recently halo- 
thane or enflurane have been used, so 
there was no question of spasm due to 
morphine-like analgesics. o 

WILLIAM C. ROBERTSON, MD 
Chesterton, Ind 
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Books 


Robert M. Goldwyn, MD 
Book Review Editor 
1101 Beacon St 
Brookline, Mass 02146 






ent Advances on Pain: Patho- 


eset, and Clinical Aspects, edited 
by John J. Bonica, Paola Procacci, and Carlo A. 
Pagni, 373 pp, $19.75, Charles C Thomas Pub- 
lisher, 1974. 


The editors have compiled formal 
presentations, commentaries, and 
postpresentation discussions of a 
group of prominent scientists and 
clinicians at the international sympo- 
sium “Recent Progress on Pain Patho- 
physiology and Clinics” held in Flor- 
ence, Italy, in April 1972. | 

The papers presented in this book 
reflect the impressive upsurge of in- 
terest in chronic pain as a major dis- 
ease state during the past decade and 
contain the latest information on 
some basic aspects of pain, including 
neurophysiology, biochemistry, phar- 
macology, and psychology. The clini- 
cal aspect of pain management deals 
primarily with diagnosis and appli- 
cation of some therapeutic tools, in- 
cluding systemic drugs, neurosurgical 
operations, nerve blocks, operant con- 
ditioning, and psychotherapy. The au- 
thors include in their presentations 
their vast personal clinical experi- 
ences on the diagnostic and therapeu- 
tic tools they have used, and share 
with the reader their successes and 
failures. 

While the book is not designed to 
teach the reader how to perform anal- 
gesic blocks ner how to perform neu- 
rosurgical operations for pain relief, 
it does offer critical reevaluations of 
both. 

Since this beok is an extract from 
an international symposium, the for- 
mat is such that the reader is exposed 
to different pomts of view, exchanges 
of knowledge, and a comparison of 
ideas among authorities from differ- 
ent disciplines. The discussion that 
fellows the presentations is partic- 
ularly valuable in accomplishing this, 
making the readey feel as if he or she 
were at the meeting. The references 
listed at the end of each chapter are 
comprehensive and most useful for 
one avho wishes to delve into the sub- 


-ject at hand in greater detail. 


Bonica’s report on the organization 
yi 
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of a pain clinic is of particular current 
interest. He discusses a new method 
of approach wherein a group of spe- 
cialists collaborate to afford patients 
the latest diagnostic and therapeutic 
methods to their pain problem. The 
collaboration of various specialists 
has proved to be far superior to indi- 
vidualized and fragmentary efforts 
inherent in traditional medicine. 

By compiling the outstanding pre- 
sentations from the symposium, they 
have considered the audience for 
whom this book was written, ie, for 
basic scientists, family physicians, 
and medical specialists interested in 
the pathophysiology and the treat- 
ment of pain. 

Much of the material presented in 
this book is also available in Advances 
in Neurology, volume 4, with little 
variance in form. The latter book is 
also a compilation of presentations 
from a symposium on pain recently 
held in Seattle. The two books share 
authors. 

It is probably fair to regard Recent 
Advances on Pain as a compact ver- 
sion of the more comprehensive book, 
Advances in Neurology, volume 4. 

SEGUNDINA SAGA, MD 
Gainesville, Fla 


Safe Central Venous Nutrition, by 
Mohamad H. Parsa, 266 pp, $17.50, Charles C 
Thomas Publisher, 1974. 


This book is a collection of the 
monograph and other papers of Dr. 
Parsa’s that report his considerable 
experience with the use of central 
venous hyperalimentation at the Har- 
lem Hospital Center. This is a worth- 
while endeavor since Dr. Parsa’s ex- 
perience is one of the largest in this 
field and he has demonstrated the 
ability to carry on this practice in a 
municipal hospital. Dr. Parsa’s book 
emphasizes his particular interests, 
which include subclavicular vena 
puncture of the subclavian vein and 
the use of the silicone venous cathe- 
ters. These techniques generally re- 
quire more skill than the infra- 
clavicular subclavian venipuncture 
using a standard polyethylene cathe- 
ter. The first chapter provides valu- 
able information on the insertion of 
the catheter anatomy, but his empha- 
sis would not provide the reader with 
a balanced discussion of the various 
techniques. Also, these techniques re- 
quire the experience of Dr. Parsa and 
his co-workers. 

The second chapter, the complica- 
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tions of central, venous catheter- 
ization, is completely covered, as one 
would expect with such a broad expe- 
rience. This chapter is most complete, 


particularly regarding complications — 
associated with placing the lifeline — 


catheter and handling the solutions. 

Chapter 3 provides a partial list of 
available parenteral feeding solutions 
and a technique to be practiced when 
laminar flow hood preparations by a 
pharmacy are unavailable. It should 
be emphasized that optimal therapy 
should include a properly equipped 
pharmacy to minimize the risk of 
preparations of solutions. The discus- 
sion of the biochemical studies and 
metabolism of hyperalimentation is 
brief and anecdotal. Figure 106 on 
page 144 is upside down. 

The clinical results, beginning on 
page 152, are based on weight change, 
patient disease, and result of therapy, 
with little in-depth discussion of the 
effect of nutritional status and the 
category of diseases. Also these bene- 
fits of hyperalimentation (primary vs 
supportive) need more clarification, 
particularly as to when to start ther- 
apy, when to stop, and when to use 
other nutritional support or medical 
therapy. 

Chapter 4 continues the anecdotal 
reporting of the various metabolic 
complications that occur in parenteral 
feedings. These complications are, for 
the most part, surveyed rather than 
discussed in terms of the underlying 
metabolism involved. The bibliog- 
raphy is lacking many of the key ref- 
erences that deal with the metabo- 
lism involved in parenteral nutrition. 

The lack of editing has deprived the 
reader of full benefit from this impor- 
tant experience. Thus, the book will 
be more for the serious, experienced 
user of parenteral hyperalimentation 
who can properly interpret the expe- 
rience than the reader beginning his 
investigation into this sophisticated 
field. While it is not possible for any 
single person to provide a comprehen- 
sive text on hyperalimentation in its 
present extensive state of the art, a 
more valuable report could have been 
possible from this effort if the mate- 
rial had been more than a collection 
of previous publications (references 
35, 42, 77, and the monograph). 

However, there certainly is much 
value in this book, and the results ob- 
tained in a municipal hospital setting 
are to be admired. 

GEORGE L. BLACKBURN, MD, PHD 
Boston 
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Post-Graduate _ 
Medical Education Seminars 
in the Puerto Rican Sun 


Choose the week you want to travel and learn in Puerto Rico: 


April 5-12, 1975 

April 12-19, 1975 

April 19-26, 1975 
April 26-May 3, 1975 


Postgraduate medical education courses will be conducted by internationally 
reknowned English-speaking faculty, many from the University of Puerto 
Rico. 


Courses will focus on health concerns indigenous to Puerto Rico and the 
Caribbean which can be of horizon-broadening interest to primary care 
physicians in the temperate zone. Topics will include “Diagnosis and Man- 
agement of Tropical and Non-Tropical Sprue,” “Shellfish and Other Marine 
Poisons,” “Dermatology for the Non-Dermatologists, Including Sub-Trop1- 
cal Skin Problems.” 


Courses are acceptable for 20 hours Category I credit per week. 


Send for details on this and other travel-education seminars the AMA has 
planned for 1975, or call the “hot-line” number 800-228-9290. 


AMA Travel Seminars—yet another benefit for AMA members. 


PLEASE SEND ME A BOOKLET DESCRIBING ALL THE NEW 
TRAVEL-EDUCATION PROGRAMS FOR 1975 


(AS475) 
Name 


Address 
City/State/Zip 
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Indications: Santy! Ointment is indicated for debrid 
ing dermal ulcers and severely burned areas. In other 
types of necrotic skin lesions reports on the Use of 
Santy! Ointment have been limited to clinical observa! 
tions without controls. 


Contraindications: Application is contraindicated in 
patients who have shown local or systemic hypersen 
Sitivity to Collagenase. 


Precautions: The enzyme's optimal pH range is 7 to 
8. Lower pH Conditions have a definite adverse effect 
on the enzyme’s activity, and appropriate precautions 
should be taken. 


The enzymatic activity is also adversely affected by 
detergents and hexachlorophene and heavy metal ions 
such as mercury and silver which are used in some 
antiseptics. When it is suspected such materials have 
been used, the site should be carefully cleansed by 
repeated washings with normal saline before Santyl 
Ointment is applied. Soaks containing metal ions or 
acidic solutions such as Burow's soluti@Mpshouid be 
avoided because of the metal ion and low pH, Cleans 
ing materials such as hydrogen peroxide or Dakin's 





solution do not interfere with the activity of the enzyme. 


Debilitated patients should be closely monitored for 
systemic bacterial infections because of the theoreti- 
cal possibility that debriding enzymes may increase 
the risk of bacteremia. 


The ointment should be confined to the area of the 
lesion in order to avoid the risk of irritation or macer- 
ation of normal skin. 


A slight erythema has been noted occasionally in the 
surrounding tissue particularly when the enzyme oint- 
ment was not confined to the lesion. This can be read- 
ily controlled by protecting the healthy skin with a 
material such as Lassar's paste. 


Since the enzyme is a protein, sensitization may de- 
velop with prolonged use although none has been 
observed to date. 


Adverse Reactions: Adverse reactions to Collagenase 
have not been noted when used as directed. 


Dosage & Administration: Santy! Ointment should be 
applied once daily (or once every other day in the 
case of outpatients) in the following manner. 


(1) Prior to application the lesions should be gently 
cleansed with a gauze pad saturated in normal saline, 
buffer (pH 7.0-7.5) or hydrogen peroxide to remove 
any film and digested material. 


(2) Whenever infection is present, as evidenced by 
positive cultures, pus, inflammation or odor, it is de- 
sirable to use an appropriate topical antibacterial agent. 
Neomycin-Bacitracin-Polymyxin B (Neosporin) has 
been found compatible with Santyl Ointment. This 
antibiotic should be applied to the lesion in powder 
form or solution prior to the application of Santy! 
Ointment. Should the infection not respond, therapy 
with Santy! Ointment should be discontinued until 
remission of the infection. 


(3) Santyl Ointment should be applied (using a wooden 
tongue depressor or spatula) directly to deep wounds, 
or, when dealing with shallow wounds, to a sterile 
gauze pad which is then applied to wound. The wound 
is covered with sterile gauze pad and secured with 
clear tape or Kling bandage. 


(4) Crosshatching thick eschar with a #11 blade is 
helpful. It is also desirable to remove as much loos- 
ened detritus as can be done readily with forceps and 
SCISSOIS. 


(5) All excess ointment should be removed each time 
dressing is changed. 


(6) Use of the ointment should be terminaféd when 
sufficient debridement of necrotic tissue has taken 
place. 


a 
Overdose: Action of Me enzyme may be stopped, 
should this be desired, by the application of Burow’'s 
solution U.S.P. (pH 3.6-4.4) to the lesion. 


How Supplied: Santy! Ointment contains 250 units of 
Collagenase enzyme per gram of white petrolatum 
U.S.P. The potency assay of Collagenase_is based on 
the digestion of undenatured collagen Bront bovine 
Achilles tendon) at pH 7.2 and 37° C. for 24 hours. 
The number of peptides cleaved are measured by 
reaction with ninhydrin. Peptides released by a tryp- 
sin digestion control are subtracted. One netollage- 
nase unit will solubilize ninhydrin reactive material 
equivalent to 4 micromoles of Leucine. "e 


(fee) Knoll Pharmaceutical Company 
Whippany, New Jersey ie af 
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M.F. 52 years old 
Spinocerebellar 
degeneration, paraplegia, 
epilepsy 


A.R. 79 years old 
Cerebral arteriosclerosis, 
cerebral thrombosis with 
residual right hemiplegia, 
vascular insufficiency of 
both legs 
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P.J.: One of 17 patients with decubiti successfully 
treated with SANTYL* 


P.J., 83 years old, has Parkinson's disease and general 
atherosclerosis —conditions that make him particularly 
vulnerable to decubitus ulcers. An ulcer developed on 
the occipital area of his head and remained resistant to 
conventional therapy for one month(A). 


Just ten days after once-daily applications of SANTYL 
began, P.J.'s ulcer was completely free of necrotic 
material, the inflammation had subsided, and fresh 
granulation tissue was well established(B). As photo(C) 
demonstrates, 42 days after SANTYL was discontinued, 
P.J.’s decubitus ulcer was completely healed. 


Sevegteen of 21 nursing-home patients recently treated 
with SANTYL also experienced very favorable results 
The investigator concluded: 


SANTYL® Ointment “...is an effective and safe debriding 
agent which promptly attacks necrotic matter and fibers 
of undenaturéd collagen, paving the way for granulation, 
epithelization and healing:”* ARSU 4 


See adjoining col&mn for contraindications, precautions, and adverse reactions. 
P 


ees 


M.J.56 years old 
multiple sclerosis, 
contractures of lower 
extremities 


e digests native collagen, a 
substance ordinarily resistant 
to all common enzymes used in 
wound debridement 


e dissolves denatured collagen, 
the main constituent of dense 
eschar and necrotic debris 

e dissolves collagenous strands 
that anchor debris to the wound 
surface 

e debrides rapidly 

e simple, once-a-day application 

e easy to use; merely cleanse the 
lesion with normal saline or 
hydrogen peroxide and apply 
SANTYL 

e may be used with Neosporin" 
Powder if infection is present 

e available in 25 gm jars as 
sterile ointment 


*“Rao DB: Collagenase in the treatment of dermal and 


decubitus ulcers. J Amer Geriat Soc, to be published. 
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Keflin I.V. 
sodium cephalothin 


2 Gm* in 100-ml. ampoule 


“Equivalent to cephalothin. 
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Additional intormation aveilable 
to the proféssion on request 

Eli Lilly and Company 
Indianapolis, Inglana 46206 
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Papers Read Before the Eighty-Second 
Annual Meeting of the 

Western Surgical Association, 

San Francisco, Nov 20-23, 1974 





In surgery. 
res atime and place 
for Vali tuum « diazepam) 






_| Oral Valium (diazepam) can provide 
"| dependable relief when the patient 
__., a| hospitalized for general surgery 

“=. | experiences excessive psychic tension 
oA `] It’s natural for the patient to be somewhat anxious about a 
al oreda. And often your reassurance and counseling can allay 
the apprehension. But sometimes, despite these measures, excessive anxiety 
causes the patient undue strain. At these times, Valium can be beneficial. 
Its provided in three tablet strengths, so dosage can be easily individualized 
to gain optimal response promptly. And if anxiety and tension are especially 
troublesome at bedtime, an A.s. dose can be added to a b.i.d. or t.i.d. regimen. 

Valium is usually well tolerated in recommended dosages; 

lower initial doses (2 to 21⁄2 mg) should be used for the elderly or debilitated 
to avoid ataxia or oversedation. 





Injectable Valium (diazepam) adj activit 
urgery or endoscopic procedures- 
e acute anxiety and diminish recall 
Although the strange surroundings and impending sur- 
gical or endoscopic procedures | have bee n described and explained, pel 
may still produce acute anxiety in some patients. oe aum (A.M 
preferred for surgery and I. V. for endoscopy) can calm the patient 
promptly while increasing his cooperation and acceptan a of procedure. 
Also, Valium frequently diminishes patient recall of thes ndo- 
scopic procedure — an important consideration if a repe 11S 
_ necessary. = ! 
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Injectable Valium seldom sigala F 
but resuscitative facilities should be available since “an ave been 
sional reports of apnea and cardiac arrest. These have occult Ti dp Miui 
in the elderly, in very ill patients or those. with limited | pulm nonary reserve; 


therefore, lower doses — usually 2 to 5 mg — should be used for this group. 


Valium (diazepam) is useful in orthopedic 

surgery and can help break the cycle of 

=q Spasm/pain/spasm of skeletal muscle spasm 

~ when associated with local pathology or trauma _ 
Skeletal muscle spasm may precede orthopedic surgery, 

as in the c case of disc injuries, or follow it, as when certain fractures are set. 

In either case, Valium can be a helpful adjunct — 2 to 10 mg, 3 or 4 times 

daily, can help relax skeletal muscle spasm, often increasing the patient's 

range of mobility. 


Valtuni diazepam) 


one versatile drug in surgery 





Please turn page for a summary of product information. 
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2-mg, 5-mg, l0-mg tablets 
ready-to-use 2-ml Tel-E-Ject’(disposable syringes) A 
- Before prescribing, please consult complete product information, blurred vision. Paradoxical reactions such as acute hyperexcited 
a summary of which follows: states, anxiety, hallucinations, increased muscle spasticity, insomnia, 
_ Indications: Tension and anxiety states; somatic complaints whichare rage, sleep disturbances and stimulation have been reported; should 
_ concomitants of emotional factors; psychoneurotic states manifested these occur, use of the drug should be discontinued. 
__ by tension, anxiety, apprehension, fatigue, depressive symptoms or Because of isolated reports of neutropenia and jaundice, periodic 
= agitation; symptomatic relief of acute agitation, tremor, impending or blood counts and liver function tests are advisable during long-term 
acute delirium tremens and hallucinosis due to acute alcohol with- therapy. Minor changes in EEG patterns, usually low-voltage fast activ- 
< drawal; adjunctively in: relief of skeletal muscle spasm due to reflex ity, have been observed in patients during and after Valium therapy 
= Spasm to local pathology; spasticity caused by upper motor neuron and are of no known significance. 
disorders; athetosis; stiff-man syndrome. Oral form may be used ad- INJECTABLE: Venous thrombosis and phlebitis at injection site, hypo- 
junctively in convulsive disorders, but not as sole therapy. /njectable activity, syncope, bradycardia, cardiovascular collapse, nystagmus, 
form may also be used adjunctively in: status epilepticus; severe re- urticaria, hiccups, neutropenia. 
current seizures; tetanus; anxiety, tension or acute stress reactions In peroral endoscopic procedures, coughing, depressed respiration, 
prior to endoscopic and surgical procedures; cardioversion. dyspnea, hyperventilation, laryngospasm and pain in throat or chest 
Contraindications: Use of Injectable in infants and Tablets in children have been reported. — 
-under 6 months of age; known hypersensitivity to drug; acute narrow Dosage: Individualized for maximum beneficial effect. | 
_ angle glaucoma; may be used in patients with open angle glaucoma ORAL —Adults: Tension, anxiety and psychoneurotic States, 2 to 10 mg 
who are receiving appropriate therapy. b.i.d. to q.i.d.; acute alcohol withdrawal, 10 mg t.i.d. or g.i.d. in first 
_ Warnings: As with most CNS-acting drugs, caution patients against 24 hours, then 5 mg t.i.d. or q.i.d. as needed; adjunctively in skeletal 
= hazardous occupations requiring complete mental alertness (e.g., muscle spasm, 2 to 10 mg t.i.d. or q.i.d.; adjunctively in convulsive 
_ Operating machinery, driving). Advise patients against simultaneous disorders, 2 to 10 mg b.i.d. to q.i.d. Geriatric or debilitated patients: 
_ ingestion of alcohol and other CNS depressants. Withdrawal symptoms 2 to 24% mg 1 or 2 times daily initially, increasing as needed and 
= (similar to those with barbiturates and alcohol) have occurred fol- tolerated. (See Precautions.) Children: 1 to 2% mg t.i.d. or q.i.d. initially, 
_ lowing abrupt discontinuance (convulsions, tremor, abdominal and | increasing as needed and tolerated (not for use under 6 months). 
_ muscle cramps, vomiting and sweating). Keep addiction-prone individ- INJECTABLE: Usual initial adult dose is 2 to 20 mg I.M. or I.V., de- 
uals (dru s addicts or alcoholics) under careful surveillance because of pending on indication and severity. Larger doses may be required in 
their predisposition to habituation and dependence. Use of any drug some conditions (tetanus). In acute conditions injection may be 
_ In pregnancy, nursing women or in women of childbearing potential repeated within 1 hour, although interval of 3 to 4 hours is usually sat- 
requires that expected benefit be weighed against possible hazard. isfactory. Lower doses (usually 2 to 5 mg) with slow dosage increase 
_ ORAL: Not of value in treatment of psychotic patients; should not be for elderly or debilitated patients and when sedative drugs are added. 
_ employed in lieu of appropriate treatment. When using oral form (See Warnings and Adverse Reactions.) 
~ adjunctive! Aa eee oe possibility of increase in fre- I.M. use: by deep injection into the muscle. 
_ quency and/or severity of grand mal seizures may require increase E ; 
__ in dosage of standard anticonvulsant medication; abrupt withdrawal clan De toot, eine. re Gorcurmct honoree a my 
Eam such Sp hee also re pe cisted with temporary increase in treme care to avoid intraarterial administration or extravasation. Do 
_trequency and/or severity of seizures. — not mix or dilute with other solutions or drugs; do not add to I.V. fluids. 
_ INJECTABLE: When used /.V., the following procedures should be under- Moderate psychoneurotic reactions, 2 to 5 mg I.M. or I.V. and severe 
_ taken to reduce the possibility of venous thrombosis, phlebitis, local ir- psychoneurotic reactions, 5 to 10 mg I.M. or I.V., repeat in 3 to 4 hours 
_fitation, swelling, and, rarely, vascular impairment. inject slowly, if necessary; acute alcoholic withdrawal, 10 mg I.M. or I.V. initially, 
taking at least one minute for each 5 mg (1 ml) given; do not use small then 5 to 10 mg in 3 to 4 hours if necessary; muscle spasm, 5 to 10 mg 
_ veins, i.e., dorsum of hand or wrist; extreme care should be taken to I.M. or I.V. initially, then 5 to 10 mg in 3 to 4 hours if necessary (tet- 
avoid intraarterial administration or extravasation. Do not mix or dilute anus may require larger doses); status epilepticus, severe recurrent 
_with other solutions or drugs; do not add to I.V. fluids. convulsive seizures, 5 to 10 mg I.M. or LV. initially, repeat in 2 to 4 
_ Administer with extreme care to elderly or very ill and those with limited hours if necessary. In endoscopic procedures, titrate I.V. dosage to 
_ Pulmonary reserve because of possibility of apnea and/or cardiac arrest; desired sedative response, generally 10 mg or less but up to 20 mg 
_ resuscitative facilities should be available. When used with narcotic anal. (if narcotics are omitted) immediately prior to procedure; if I.V. cannot 
_ gesic, eliminate or reduce narcotic dosage at least ¥s and administer in be used, 5 to 10 mg I.M. approximately 30 minutes prior to procedure. 
small increments. Not recommended for OB use until additional infor- As preoperative medication, 10 mg |.M.; in cardioversion, 5 to 15 mg 
= mation is available. Should not be administered to patients in shock, I.V., within 5 to 10 minutes prior to procedure. Once acute symptom- 
coma or in acute alcoholic intoxication with depression of vital signs. atology has been properly controlled with injectable form, patient 
Precautions: If combined with other psychotropics or anticonvulsants, May be placed on oral form if further treatment is required. 
_ Carefully consider individual pharmacologic ash lane NY with Management of Overdosage: Manifestations include somnolence, con- 
__ known compounds which may potentiate action of Va ium (diazepam), fusion, coma and diminished reflexes. Monitor respiration, pulse, blood 
= such as phenothiazines narcotics, barbiturates, MAO inhibitors and pressure; employ general supportive measures, |.V. fluids, adequate e 
_ other antidepressants. Protective measures indicated in highly anx- airway. Immediate gastric lavage indicated for overdosage with tablets. 
_ lous patients with accompanying depression who may have suicidal Use levarterenol or metaraminol for hypotension, caffeine and sodium 
php alae erage prasau ons in bide dyry M ak uneton, benzoate for CNS-depressive effects. Dialysis is of limited value. 
i umulation in patients with compromised kidney function. cas ; : 
Limit oral dosage to smallest effective amount in elderly and debili- Puppia: Tablets, 2 mg, 5 mg and 8 mg; perth of 100 vip 500; 
__ tated to preclude ataxia or oversedation (initially 2 to 2% mg once or ers Dose® (unit dose) packages of 100, available in trays of 4 reverse- 
_ twice daily, increasing gradually as needed or tolerated) Prescription E E A ae. Ritts, 2m 
_ INJECTABLE: Laryngospasm and increased cough reflex are possible boxes oF 10; Vials, 10 ml. boxes of T: ae Ject® (ichosable Ankes 3 
_ during peroral endoscopic procedures; use topical anesthetic and 2 ml. boxes of 10. Each ml contains 5 mg diazepam, compounded deo 
pore Recs coscibia eie Aa eae Hf ge hig hye Rr a , with 40% propylene glycol, 10% ethyl alcohol, 5% sodium benzoate 
| l ! l l rDitur : n r A , -l 
_ or alcohol. Use lower doses (2 to 5 mg) for elderly and debilitated: and benzoic acid as buffers, and 1.5% benzyl alcohol as preservative. 
_ safety and efficacy in children under 12 not established. 
Adverse Reactions: Side effects most commonly reported were drowsi- . t 


ness, fatigue and ataxia. Infrequently encountered were confusion, Roche Laboratories 
_ constipation, depression, diplopia, dysarthria, headache, hypotension, Division of Hoffmann-La Roche Inc. j . 
- Incontinence, jaundice, changes in libido, nausea, changes in saliva- Nutley, New Jersey 07110 ‘ 

_ tion, skin rash, slurred speech, tremor, urinary retention, vertigo and 
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EDITORIAL 


Teo Many Medical Society Meetings? 
Eric W. Fonkalsrud, MD, Los Angeles | 





PAPERS READ BEFORE THE EIGHTY-SECOND ANNUAL MEETING 


OF THE WESTERN SURGICAL ASSOCIATION 
SAN FRANCISCO, NOV 20-23, 1974 


The Measure of a Surgeon 
Darrell A. Campbell, MD, Ann Arbor, Mich 


Rectovaginal Separation Operation After a 
“Cutback” Procedure for Anorectal Anomalies 
John D. Burrington, MD, Chicago 


Provides an effective separation of anus from vagina. 


Neonatal Necrotizing Enterocolitis: 
Evolution of New Principles in Management 
Eli R. Wayne, MD; John D. Burrington, MD; John Hutter, MD, Denver 


New insights provide improving and ecceptable results. 


Drug-induced Colitis Mimicking 

an Acute Surgical Condition of the Abdomen 
Francis J. Tedesco, MD; Charles B. Anderson, MD; 
Walter F. Ballinger, MD, St. Louis 


Have a low threshold for performing proctoscopy. 


Secondary Arterial Repair: The Management of 
Late Failures in Reconstructive Arterial Surgery 


D. Emerick Szilagyi, MD; Joseph P. Elliott, MD; Roger F. Smith, MD; 
John H. Hageman, MD; Ranjit K. Sood, MD, Detroit 


Management of nonseptic complications successful in 60% to 90%. 


Vascular Injuries Associated With Fractures of the Femur 


John J. Rosental, MD; Max R. Gaspar, MD; 
Thor C. Gjerdrum, MD; James Newman, MD, Los Angeles 


Repair artery before bone and do not use internal fixation. 


Pseudocysts of the Pancreas: Review of 71 Cases 
Jonathan A. van Heerden, MB, ChB, FRCS (C), MS (Surg), 
William H. ReMine, MD, MS (Surg), DSc, Rochester, Minn 


Late results better than pancreatitis without pseudocyst. 


Further Evaluation of Total Pancreatectomy 


Michael B. Pliam, MD, PhD, 
William H. ReMine, MD, MS (Surg), DSc, Rochester, Minn 


e Incidence of late gastrointestinal tract hemorrhage decreasing. 


Aneurysmectomy in the Aged 
William H. Baker, MD, James R. Munns, MD, lowa City 


Correlation of preoperative risk factors and mortality. 
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Acute Renal Failure Complicating Ruptured Abdominal Aortic Aneurysm 


Surendra K. Chawla, MD; Hassan Najafi, MD; Todd S. Ing, MD; 
William S. Dye, MD; Hushang Javid, MD; James A. Hunter, MD; 
Marshall D. Goldin, MD; Cyrus Serry, MD, Chicago 


Early dialysis resulted in 70% Survival. 


Acute Perforated Duodenal Ulcer: 
An Evaluation of Surgical Management 


John L. Sawyers, MD; J. Lynwood Herrington, Jr., MD; 
Joseph L. Mulherin, Jr., MD; William A. Whitehead, MD; 
Bharat Mody, MD; John Marsh, MD, Nashville, Tenn 


Definitive ulcer operation established as procedure of choice. 


Management of Recurrent Ulcer 
S. Martin Lindenauer, MD, Thomas L. Dent, MD, Ann Arbor, Mich 


Operation for recurrent ulcer should include vagotomy. 


Lobular Carcinoma of the Breast in Situ: 
Are We Too Radical in Its Treatment? 
Carlo A. Dall’Olmo, MD; Joseph L. Ponka, MD; 
Robert C. Horn, Jr., MD; Ramon Riu, MD, Barcelona, Spain 


Nothing more than simple mastectomy recommended. 


Acute Acalculous Cholecystitis: 
Complication of Other Ilinesses in Childhood 
Jessie L. Ternberg, MD, James P. Keating, MD, St. Louis 


Seven desperately ill children in a variety of settings: five survivors. 


Hepatic Cell Adenomas, Spontaneous Liver Rupture, 

and Oral Contraceptives 
John A. Ameriks, MD; Norman W. Thompson, MD; Charles F. Frey, MD; 
Henry D. Appelman, MD; Joseph F. Walter, MD, Ann Arbor, Mich 


Benign tumors: symptoms caused by hemorrhage. 


Arterial Fibrodysplasia: 

Histopathologic Character and Current Etiologic Concepts 
James C. Stanley, MD; Bruce L. Gewertz, MD; Edward L. Bove, MD; 
Vikrom Sottiurai, PhD, MD; William J. Fry, MD, Ann Arbor, Mich 


Hormones, mechanical stress, distribution 
of vasa vasorum implicated in etiology. 


The Solitary Pulmonary Nodule: Ten-Year Follow-Up of 
Veterans Administration-Armed Forces Cooperative Study 


George A. Higgins, MD, Washington, DC; 
Thomas W. Shields, MD, Chicago; Robert J. Keehn, Washington, DC 


Sixty-seven of 392 bronchogenic cancer patients alive at ten years. 


Changes in Functional Residual Capacity of the Lung After Operation 


Jerry R. Meyers, MD; Lance Lembeck, MD; 
Hugh O'Kane, MB; Arthur E. Baue, MD, St. Louis 


Beneficial effect of postoperative lung function with early sitting. 
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| PAIN RELIEF 
FOR THE MAJORITY 


NO.4-for pain intensity below the need for injectables 


As a rule, only pain that requires morphine is beyond the scope 
of Empirin® Compound with Codeine No. 4. That’s because it 
delivers a full grain of codeine. (In the preferred phosphate 
form.) Its antitussive action is particularly appreciated by 
patients with fractured ribs, and following chest or abdominal 
surgery. Its low addiction liability is a bonus for all patients who 
require potent analgesia. 3 
NO.3-foralmostallotherkindsoflesserpain Œ 
.3 for almost all other kinds of lesser pain 

Most other kinds of lesser pain respond to Empirin Compound 
with Codeine No. 3—whether musculoskeletal, neurological, 
A peg or visceral. One might say No. 3 is an “all-purpose” 
analgesic — not too little, not 

too much. Just right for your R /[estren eng Po 
out-patientsin these categories. Wellcome [Rese Carolina 27709 





PIRIN COMPOUND z CODEN 


No.3, codeine phosphate*(32.4 mg) gr 1⁄2 - No.4, codeine phosphate*(64.8 mg) grl 


*Warning — may be habit-forming. Each tablet also contains aspirin gr 34%, phenacetin gr 244, caffeine gr 4 
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A Series of 20 Successful Warren Shunts 
Neil R. Thomford, MD; Kenneth R. Sirinek, MD; 
= Edward W. Martin, Jr., MD, Columbus, Ohio 


= May be safest elective shunt for cirrhotic. 
E 
TA 
Conventional Splenorenal Shunts: A Reconsideration 
= Michael B. Pliam, MD, PhD; Martin A. Adson, MD; 
= William T. Foulk, MD, Rochester, Minn 


= Lowincidence of encephalopathy. 


+ 
"i 


Gastrointestinal Tube Stent Plication in Infants and Children 
J Jay L. Grosfeld, MD; Donald R. Cooney, MD; 
~ John F. Csicsko, MD, Indianapolis 


Experience with 20 cases. 


Ee 
Acute Gastric Disease After Cutaneous Thermal Injury 


= MAJ Albert J. Czaja, MC, USA; MAJ Joseph C. McAlhany, Jr., MC, USA; 
MAJ Willard A. Andes, MC, USA; COL Basil A. Pruitt, Jr., MC, USA, 
Fort Sam Houston, Tex 


= Ischemia suggested as primary cause. 

ae 

Her orrhage Due to Diffuse Erosive Gastritis 

_ John F. Stremple, MD, Dan W. Elliott, MD, Pittsburgh 


dioisotope Detection of Venous Thrombosis: 
Yenous Scan vs Fibrinogen Uptake Test 
Š Erich W. Pollak, MD, Davis, Calif; Milo M. Webber, MD; 
Winona Victery, MS, Los Angeles; Earl F. Wolfman, Jr., MD, Davis, Calif 


Two methods complement each other. 


-F 
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$ 
7. 


M ane gement of Parathyroid Glands in Surgery 

for Medullary Thyroid Carcinoma 

: Melvin A. Block, MD; Charles E. Jackson, MD, Detroit; 
Armen H. Tashjian, Jr., MD, Boston 

_ Parathyroid hyperplasia or tumor often associated. 


-R 
+ 


uccess Rate of Cervical Exploration for Hyperparathyroidism 
= Richard M. Sētava, Jr., MD; Oliver H. Beahrs, MD; 
>. Donald A. Scholz, MD, Rochester, Minn 


Success rate for primary cervical operations 95%. 
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alae Stricture Secondary to Reflux Esophagitis 


Siroos Safaie-Shirazi, MD; Wilbur L. Zike, MD; 
$ Edward E. Mason, MD, lowa City 


A Combination of dilation and fundoplication highly successful. 
A 
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= Nonresectional operative treatment advised in all critically ill patients. 
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Indications: Santy! Ointment is indicated for debrid- 

ing dermal ulcers and severely burned areas. In other * 
types of necrotic skin lesions reports on the use of ' 
Santyl Ointment have been limited to clinical observa- 
tions without controls. 


Contraindications: Application is contraindicated in 
patients who have shown local or systemic hypersen- 
Sitivity to Collagenase. y 


Precautions: The enzyme's optimal pH range is 7 to 
8. Lower pH conditions have a definite adverse effect 
on the enzyme's activity, and appropriate precautions 
should be taken. 


The enzymatic activity is also adversely affected by 
detergents and hexachlorophene and heavy metal ions 
such as mercury and silver which are used in some 
antiseptics. When it is suspected such materials have 
been used, the site should be carefully cleansed by 
repeated washings with normal saline before Santyl 
Ointment is applied. Soaks containing metal ions or 
acidic solutions such as Burow's solution should be 
avoided because of the metal ion and low pH. Cleans- 
ing materials such as hydrogen peroxide or Dakin's 





solution do not interfere with the activity of the enzyme. 


Debilitated patients should be closely monitored for 
systemic bacterial infections because of the theoreti- 
cal possibility that debriding enzymes may increase 
the risk of bacteremia. 


The ointment should be confined to the area of the 
lesion in order to avoid the risk of irritation or macer- 
ation of normal skin. 


A slight erythema has been noted occasionally in the 
surrounding tissue particularly when the enzyme oint- 
ment was not confined to the lesion. This can be read- 
ily controlled by protecting the healthy skin with a 
material such as Lassar's paste. 


Since the enzyme is a protein, sensitization may de- 
velop with prolonged use although none has been 
observed to date. 


Adverse Reactions: Adverse reactions to Collagenase 
have not been noted when used as directed. 


Dosage & Administration: Santy! Ointment should be 
applied once daily (or once every other day in the 
case of outpatients) in the following manner. 


(1) Prior to application the lesions should be gently 
cleansed with a gauze pad saturated in normal saline, 
buffer (pH 7.0-7.5) or hydrogen peroxide to remove 
any film and digested material. 


(2) Whenever infection is present, as evidenced by 
positive cultures, pus, inflammation or odor, it is de- 
sirable to use an appropriate topical antibacterial agent. 
Neomycin-Bacitracin-Polymyxin B (Neosporin) has 
been found compatible with Santyl Ointment. This 
antibiotic should be applied to the lesion in powder 
form or solution prior to the application of Santyl 
Ointment. Should the infection not respond, therapy 
with Santyl Ointment should be discontinued until 
remission of the infection. 


(3) Santyl Ointment should be applied (using a wooden 
tongue depressor or spatula) directly to deep wounds, 
or, when dealing with shallow wounds, to a sterile 
gauze pad which is then applied to wound. The wound 
is covered with sterile gauze pad and secured with 
clear tape or Kling bandage. 


(4) Crosshatching thick eschar with a #11 blade is 
helpful. It is also desirable to remove as much loos- 
ened detritus as can be done readily with forceps and 
scissors. 


(5) All excess ointment should be removed each time 
dressing is changed. e 


(6) Use of the ointment should be terminated when 
re el debridement of necrotic tissue hasetaken 
place. 


Overdose: Action of the enzyme may be stopped, 
should this be desired, by the application of Burow's 
solution U.S.P. (pH 3.6-4.4) to the lesion. 


How Supplied: Santy! Ointment contains 250 units of 
Collagenase enzyme per gram of white petrojatum 
U.S.P. The potency assay of Collagenase is based oñ 
the digestion of undenatured collagen (from bovine `“ 
Achilles tendon) at pH 7.2 and 37° C. for 24 hours. 
The number of peptides cleaved are measured 
reaction with ninhydrin. peptone released by a try 

sin digestion control are subtracted. One net Collage- 
nase unit will solubilize njnhydrin reactive material © 
equivalent to 4 micromoles of Leucine. 


Knoll Pharmaceutical Company 
A Whippany, New Jersey 07981 
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M.F. 52 years old 
Spinocerebellar 


A.R. 79 years old 
Cerebral arteriosclerosis, 
cerebral thrombosis with 
residual right hemiplegia, 
vascular insufficiency of 
both legs 


epilepsy 





P.J.: One of 17 patients with decubiti successfully 
treated with SANTYL* 


P.J., 83 years old, has Parkinson's disease and general 
atherosclerosis —conditions that make him particularly 
vulnerable to decubitus ulcers. An ulcer developed on 
the occipital area of his head and remained resistant to 
conventional therapy for one month(A). 

Just ten days after once-daily applications of SANTYL 
began, P.J.’s ulcer was completely free of necrotic 
material, the inflammation had subsided, and fresh 
granulation tissue was well established(B). As photo (C) 
demonstrates, 42 days after SANTYL was discontinued, 
P.J.’s decubitus ulcer was completely healed. 


Seventeen of 21 nursing-home patients recently treated 


‘wifh SANTYL also experienced very favorable results 


The investigator concluded: 


SANTYL® Ointment “...is an effective and safe debriding 
agent which promptly attacks necrotic matter and fibers 
of undenatured collagen, paving the way for granulation, 
epithelization and healing?” ARSU 5 


See adjoining column for contraindications, precautions, and adverse reactions. 


degeneration, paraplegia, 


M.J. 56 years old 
multiple sclerosis, 
contractures of lower 
extremities 


e digests native collagen, a 
substance ordinarily resistant 
to all common enzymes used in 
wound debridement 

e dissolves denatured collagen, 
the main constituent of dense 
eschar and necrotic debris k 

e dissolves collagenous strands 
that anchor debris to the wound 
surface 

e debrides rapidly 

e simple, once-a-day application 

e easy to use; merely cleanse the 
lesion with normal saline or 
hydrogen peroxide and apply 
SANTYL 

e may be used with Neosporin“ 
Powder if infection is present 

e available in 25 gm jars as 
sterile ointment 


*Rao DB: Collagenase in the treatment of dermal and 
decubitus ulcers. J Amer Geriat Soc, to be published. 
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E. Qualified surgeon with specialty 
e in thoracic and vascular to work 
= | ina large active GM&S hospital, 
~ | affiliated with the University of 
E Virginia Medical School. 


The position includes respon- 
= | sibilities in the training of resi- 
| dents and surgical students. Ex- 

= | perience and interest in teaching 
and research desirable. 


Hospital adjoins the city of 
= | Roanoke on a 266-acre site in 
| the beautiful Roanoke Valley be- 
= | tween the Allegheny and Blue 
_ | Ridge mountains, with a valley 

| population of approximately 
` | 250,000. 


= | Requires permanent visa or U.S. 
aN citizenship. Salary dependent 
Be. upon qualifications. 


a Contact Chief of Surgery, 
| VA Hospital, 

Salem, Virginia, 24153. 

| Equal Opportunity Employer. 

| Telephone 703-344-2021, 
| Extension 221. 
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Dissecting Aneurysm of the Descending Aorta: 

Improved Surgical Results in 91 Patients 
George J. Reul, Jr., MD; Denton A. Cooley, MD; Grady L. Hallman, MD; 
Sitaram B. Reddy, MD; E. Ross Kyger Ill, MD; Don C. Wukasch, MD, Houston 


Change in postoperative mortality from 21% to 6.5%. 


Hepatic Artery Ligation and Cytotoxic Infusion 
in Treatment of Liver Neoplasms 
Wilbur L. Zike, MD; Siroos Safaie-Shirazi, MD; 
Hrair P, Gulesserian, MD, lowa City 


Thirty-eight patients: useful palliation. 


Total Intravenous Nutrition With Peripherally Inserted 
Silicone Elastomer Central Venous Catheters 
Verne L. Hoshal, Jr., MD, Ann Arbor, Mich 


Only six of 36 needed removal for local reactions. 


Posterior Resection of Selected Rectal Tumors 
William Klingensmith, MD; Walter E. Dickinson, MD; 
Robert S. Hays, MD, Amarillo, Tex 


Excellent approach; should be used more for selected cases. 


Metabolic Intestinal Surgery: 
Its Complications and Management 
Gene B. Starkloff, MD; John P. Donovan, MD; 
K. Ray Ramach, MD; Bruce M. Wolfe, MD, St. Louis 


Insights into anticipation and management of complications 
of jejunoileal bypass. 


The Permanent Gastrostomy: 

Use of the Gastrointestinal Anastomotic Stapler 
Marshall W. Webster, Jr., MD; Larry C. Carey, MD; 
Mark M. Ravitch, MD, Pittsburgh 


A machine-made, simplified gastrostomy. 


Occult Gastrointestinal Bleeding: 
An Evaluation of Available Diagnostic Methods 
J. David Richardson, MD; W. David McInnis, MD; 
Raul Ramos, MD; J. Bradley Aust, MD, San Antonio, Tex 


Seventy-six percent in ascending colon or terminal part of ileum. 


Recurrence After Preperitoneal Herniorrhaphy in the Adult 
Raymond C. Read, MD, Little Rock, Ark 


Results match those of other approach. 


En Bloc Resection of Primary Melanoma 
With Regional Lymph Node Dissection 


Joseph G. Fortner, MD; David Schottenfeld, MD; 
Barbara J. Maclean, New York 


Regional recurrence was higher if resection 
and dissection not en bloc. 


Appendicitis: A Critical Review 3 
of Diagnosis and Treatment in 1,000 Cases 


Frank R. Lewis, MD; James W. Holcroft, MD; James Boey; 
J. Englebert Dunphy, MD, San Francisco 


Negative appendix rate of 20% analyzed. 
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Authors 


Send manuscripts by first-class mail to the Chief Editor, 
Richard Warren, MD, 319 Longwood Ave, Boston 02115. 
Manyscripts are received with the understanding that 
they are not under simultaneous consideration by another 
publication. Accepted manuscripts become the permanent 
property of the ARCHIVES and may not be published else- 
where without permission from the publisher (AMA). 


E All accepted manuscripts are subject to copy editing. 
The author will receive an edited typescript and layout 
rather than galley or page proofs for approval. The author 
is responsible for all statements in his work, including 
changes made by the copy editor. 


p Designate one author as correspondent and provide his 
address and telephone number. He will be notified by mail 
of the intended publication date approximately one month 
in advance. Order reprints at the time the typescript is 
returned after editorial processing. Specify address to 
which requests for reprints should be sent. 
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E Submit an original typescript and two high quality 
copies of the entire manuscript including short communica- 
tions such as letters to the editor, book reviews, announce- 
ments, etc. All copy (including references, legends, and 
tables) must be typed double-spaced on 22 x 28 cm (8% X 
11 inch), heavy-duty white bond paper. Ample margins 
should be provided. 


E Titles should be short, specific, and clear. They should 
not exceed 75 characters, including punctuation and spaces. 
A subtitle is often useful to shorten the main title. Provide 
a brief “running title” on each manuscript page. 


A The style of writing should conform to acceptable 
English usage and syntax. Slang, medical jargon, obscure 
abbreviations, and abbreviated phrasing are to be avoided. 


w Manuscripts reporting the results of experimental in- 
vestigations on human subjects must include a statement 
to the effect that informed consent was obtained after the 
nature of the procedure(s) had been fully explained. 


Ls Authors whose “first” language is not English should 
arrange for their manuscripts to be written in idiomatic 
English prior to submission. 


E Provide an abstract (135-word maximum) of the arti- 
cle. The abstract should include statements of the problem, 
method of study, results, and conclusions. The abstract 
replaces the summary. 


E] List references in consecutive numerical order (not 
alphabetically). Once a reference is cited, all subsequent 
citations should be to the original number. All references 
must be cited in the text or tables. Unpublished data 
and personal communications should not be listed as 
references. References to journal articles should include 
(1) author, (2) title, (3) journal name (as abbreviated 
in Index Medicus), (4) volume number, (5) inclusive page 
numbers, and (6) year, in that order. References to books 
should include (1) author(s), (2) chapter title (if any), (3) 
editor (if any), (4) title of book, (5) city of publication, 
(6) publisher, and (7) year. Volume and edition num- 
bers; specific pages, and name of translator should be 
included when appropriate. The author is responsible for 
the accuracy and completeness of the references and for 
their correct text citation. Note this journal’s punctuation 
an@ sequence style in published reference lists. 


ia Refer to patients by number (or, in anecdotal reports, 
b% fictitious given names). Real names or initials should 


L not be used in the text, tables, or illustrations. 


Areh Surg/Vol 110, May 1975 





Effective with the January 1975 issue, the provision 
of free offprints (tearsheets) of articles to authors 
was discontinued. Authors may continue to order 
reprints in accordance with the form sent to them 
during the processing of their manuscripts. 







g All measurements are to be in metric units. 


[ Letters to the Editor. The editor will be pleased to 
receive correspondence of 250 words or less that pertains 
to material published in the ARCHIVES or to other matters 
of interest to its readers. Letters should be typewritten, 
double-spaced and clearly marked “For Publication.” No 
more than two references are permitted, and illustrations 
are acceptable only when essential to the message. 


K Use only those illustrations that clarify and augment 
the text. Submit illustrations in duplicate, unmounted 
and untrimmed. Do not send original artwork. Send high- 
contrast glossy prints (not photocopies). Figure number, 
name of senior author, and arrow indicating “top” should 
be typed on a gummed label and affixed to the back of 
each illustration. All lettering must be legible after reduc- 
tion to column size. Artwork submitted for publication may 
be relettered to achieve uniformity of lettering style through- 
out the journal. Magnification and stain should be provided 
when pertinent. Illustrations should preferably be in a 
proportion of 12.5 Xx 18 em (5 Xx 7 inehes). Legends 
should be typed double spaced beginning on a separate 
sheet of paper. Length should be limited to 40 words. 


[ ] An experienced medical illustrator should be employed 
whenever possible for the preparation of all artwork. 
Template lettering or preset type is preferred to hand- 
lettered labels. If halftone artwork with labels is sub- 
mitted, affix type and leaders to a clear acetate overlay 
registered to the base drawing. Labels and leaders should 
be applied directly to the drawing board surface if the 
artwork consists only of line ink technique. 


E A letter of consent must accompany all photographs 
of patients in which a possibility of identification exists. 
It is not sufficient to cover the eyes to mask identity. 


[ Illustrations in full color are accepted for publication 
if the editors believe that color will add significantly 
to the published manuscript. The ARCHIVES will pay part 
of the expense of reproduction and printing color illus- 
trations, the remainder to be borne by the author or his 
sponsor. After deducting the ARCHIVES contribution, the 
author’s share is $275.00 for up to six square finished 
illustrations which can be arranged on a ene-page layout. 
Any additional illustrations or special effeets will be billed 
to the author at cost. Positive color transparencies (35 
mm preferred) must be submitted for an evaluation. 
Do not send color prints unless accompanied by original 
transparencies. All transparencies should be carefully 
packed and sent with the manuscript. 


2 Each table should be typed double-spaced, including 
all headings, on a separate sheet of 22 x 28 cm paper. Do 
not use larger paper. If a table must be continued, use a 
second sheet and repeat all heads and stubs. 


[ ] Tables should be arranged so they will print no wider 
than three columns in the ARCHIVES. Generally up to nine 
columns of data (including stub, or left column) will fit 
into three columns. Tables must be numbered consecutively, 
beginning with 1, and each must be titled. Example: 
“Table 6.—Results of Blood Coagulation Studies.” 


Instructions for Authors 461 





+ 





“ 


A 
1 





(Multi-Vitamin Infusion) 


short term or long term 


Amore comprehensive parenteral 
vitamin formula because... 


M.V.I. includes not only the B complex* and C 
vitamins but also the fat-soluble vitamins A, 


® D and E—water solubilized for faster, 
AAYA more complete absorption. 
a We oe 


[Multi-Vitamin 
Infusion) 


Each 10 cc. ampult or 5 cc. Concentrate vialł provides: 

Ascorbic acid (C) 

Vitamin A** 

Vitamin D** (ergocalciferol) 

Thiamine HCI (B,) 

Riboflavin (B,)+ 

Pyridoxine HCI (Bs) 

Niacinamide 

Dexpantheno! 

Vitamin E** (dl-alpha tocopheryl acetate) 
tWith sorethytan laurate 1%, sodium hydroxide 1%; and gentisic 

acid ethanolamide 2% as preservative. 
#With propylene glycol 30% as stabilizer and preservative, sodium 

hydroxide for pH adjustment, and sorethytan laurate 1.6%; in Con- 

centrate as riboflavin-5-phosphate. 

**Oil-soluble vitamins A, D and E water solubilized with sorethytan 

laurate; covered by U.S. Patent No. 2,417,299. 

BRIEF SUMMARY 

INDICATIONS: in emergency feedings — Surgery, extensive burns, frac- 

tures and other trauma, severe infectious diseases, comatose states, etc. may 

provoke a *“‘stress” situation with profound alterations in the body’s metabolic 

demands and consequent tissue depletion of nutrients. As a result, wound healing 

may be impaired, enzyme activity disturbed, hematopoietic tissues affected; hypo- 

proteinemia and edema may appear; convalescence is thus prolonged. 

In such patients M.V.I. (administered in intravenous fluids under proper dilution) contributes 

optimum vitamin intake toward maintaining the body’s normal resistance and repair processes. 

DIRECTIONS FOR USE: M.V.I. is ready for immediate use when added to intravenous infusion fluids. 

For intravenous feeding, one daily dose of 10 cc. of M.V.I. or 5 cc. of M.V.I. Concentrate added directly to not less th 
500 cc., preferably 1,000 cc., of intravenous dextrose, saline or similar infusion solutions . . . plasma, prote 
hydrolysates, etc. 

PRECAUTION: Allergic reaction has been known to occur following intravenous administration of solutions conta 
ing thiamine. 

CAUTION: Noi to be given as a direct undiluted intravenous injection as it may give rise to dizziness, faintness, etc. 
THERAPEUTIC NOTE: Intravenous use should be discontinued as early as practical in favor of an intramuscular or o 
vitamin preparation, if deemed advisable. l i? 

HOW SUPPLIED: M.V.I. — 10 cc. ampuls, boxes of 25 and 100. ' Rišcinamidė, dexpantwsnol and Bs. it 
M.V.I. CONCENTRATE — 5 cc. vials, boxes of 25. Available in 100's only. Vitamin K: vitamin Biz end folic acid tiay 

be optional additions to parenteral nutriti 
programs utilizing M.V.I. 
USV PHARMACEUTICAL CORP., Tuckahoe, N.Y. 10707 
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Editorial 


Too Many Medical Society Meetings’ | 


henomenal advances in scientific achievements and, no- 

tably, in medical technology have altered the course 
of health care substantially during the past two decades. 
For example, the development of polio vaccine has 
markedly reduced the number of new cases of polio, the 
development of cardiopulmonary bypass has made pos- 
sible the correction of the vast majority of congenital 
heart defects, and now cancer immunology is providing a 
very promising approach to the management of human 
cancer. Nonetheless, concomitant rapid population 
growth, changes in life style in modern society, the diag- 
nosis of new diseases, and the increasing frequency of 
other diseases, such as coronary artery occlusion, have 
counterbalanced the progress of medical technology such 
that the average life expectancy has not changed substan- 
tially during the past 20 years. 

In accordance with the rapid proliferation of experi- 
mental and clinical research projects in medicine during 
the past two decades, a large number of new scientific 
journals and medical societies have been established to 
convey the results of these studies to other physicians. 
Many physicians have been initiated to membership in 
five or more newly formed medical societies during the 
past ten years. 

Supported by both private and federal resources, inves- 
tigative studies have been carried out primarily in aca- 
demic centers where the quality of the teaching program 
has commonly been equated with the amount of scientific 
productivity. Indeed, such emphasis has been placed on 
scientific publication that academic advancement, deter- 
mination of salary, selection for department chairmanship 
and other high administrative posts, and election to lead- 
ership of national medical societies have been based 
largely on scientific or investigative productivity. The 
ease with which the number of publications (not neces- 
sarily the quality) may be compared between academic 
physicians has made this apparent objective index par- 
ticularly desirable for determination of a person’s total 
capability. 

In this setting, it is not surprising that the academic 
surgeon is caught in the pressures to “publish or perish” in 
erder to achieve the rewards of academia. Consequently, 
abstracts are not infrequently modified very slightly, yet 
inclide the same basic scientific data, and may be sub- 
mitted to two or more medical societies within a year. 
Since it is customary for scientific presentations made at 
surgical societies to be published in a surgical journal, it is 


- becoming increasingly difficult for program committees 


L 


and editorial boards to identify clearly presen s that 
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may overlap or duplicate studies previously presented or 
published by a particular investigative team. 

It has become increasingly uncommon for surgical in- 
vestigators to publish monographs that include reports of 
several related studies on the same project. Thus, the 
reader frequently must attend a series of meetings or 
read a collection of publications by an author in order to 
obtain a clear understanding of the total picture of the in- 
vestigative study. 

As a consequence of the recent rapid inflation in the 
United States, the cost of attendance at national medical 
meetings has increased substantially. Similarly, the cost 
of subscription to the majority of the leading surgical 
journals has more than doubled within the past decade. 
Despite the large increase in the number of surgeons 
trained during the same period, the number of subscrip- 
tions to surgical journals has changed little and may well 
decline as a result of increased cost and deerease in high- 
quality articles of clinical importance. 

In this time of retrenchment and reassessment of meth- 
ods to economize in health care delivery, one might seri- 
ously question whether or not it is necessary to have an- 
nual meetings of all medical and surgical societies. The 
majority of academic surgeons attend more than eight 
major surgical meetings, conferences, or committees an- 
nually, and it is doubtful whether the benefits are suff- 
cient to justify removing these physicians from their pri- 
mary teaching and clinical responsibilities. The majority 
of clinical community surgeons attend only two to three 
state or national society meetings per year; consequently, 
a reunion of the same small nucleus of academic surgeons 
occurs at the large majority of national meetings. Serious 
consideration should be given to a policy of biennial meet- 
ings of many societies, at which time a large percentage 
of the membership should be encouraged to attend and 
participate. On the other hand, it is important to continue 
to provide a sufficient number of major postgraduate edu- 
cational programs that might upgrade the standard of 
practice of the community surgeon and still provide an av- 
enue for presentation of relevant new investigative infor- 
mation by the academic surgeon. We should scrutinize 
more carefully the material selected for presentation and 
subsequent publication, and, thus, elevate the quality of 
our scientific meetings while reducing their numbers. 

Eric W. FONKALSRUD, MD 
Department of Surgery 
UCLA School of Medicine 
Los Angeles, CA 90024 
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The Measure of a Surgeon 


Darrell A. Campbell, MD 


With what measure ye mete, it shall be measwred to you. 
St. MARK 4:24 


I am acutely aware of the high honor you have conferred 

on me in electing me your president for this year, and 
I approach this address with no small degree of trepida- 
tion. This stems from my realization that I must speak to 
a discriminating audience of outstanding surgeons, and 
must follow some distinguished predecessors. 

This fear is coupled with pleasure, however, because it 
gives me an opportunity to speak to a subject that I con- 
sider vital in our present health setting. With Professional 
Standards Review Organization (PSRO) legislation a real- 
ity and with increasing public clamor for medicine’s ac- 
countability, how do we, as surgeons, respond? How do we 
give tangible proof that we do, indeed, practice quality 
surgery? 

Quality is a concept hard to define. It does, nonetheless, 
imply the existence of standards against which anything 
can be measured or compared. For the individual surgeon, 
these standards are implicit in membership in the Ameri- 
can College of Surgeons, the American Board of Surgery, 
and the specialty boards. They are also implicit in the by- 
laws of the surgeon’s hospital that conform to the criteria 
of the Joint Commission on Accreditation of Hospitals. 
Adherence to these standards is laudable and necessary, 
but ultimately the true measure of a surgeon is the kind of 
care he gives day-in and day-out to his patients. 

Beginning in 1919' and for the following 33 years, this 
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care was monitored by the American College of Surgeons 
under its Hospital Standardization Program. But the im- 
mensity of the task made cooperative effort necessary, 
and in 1952 the Joint Commission on Accreditation of 
Hospitals was formed. This major advance in measuring 
quality was ably documented by Dr. Carl Schlicke* two 
years ago before this organization. 

Unfortunately, these years of self-assessment have 
gone largely unrecognized by the public. Today Senator 
Edward Kennedy, among others, is charging that we are 
in a “health care crisis.” He cites failure of the physician 
to respond to need, refusal to serve the underprivileged, 
and unwillingness to locate in geographically undesirable 
areas. Included in the miserable litany of allegations are 
incompetence, overcharging, and failure to keep abreast 
of surgical advances. With the advent of Medicare and 
Medicaid, and now the PSRO law, government has also 
questioned the quality of care. It has asked whether the 
surgeon is adequately trained, whether the patient really 
needs the operation, and whether in-hospital treatment is 
up to standard. 

What we need, then, is some method by which we can 
answer the accusations hurled against us and document 
proof of our competence. Clearly, some of the complaints 
are sociological in nature and must be dealt with by sociol- 
ogists. The medical areas, however, are our responsibility. 
One effective tool in responding to both questions and 
accusations is the computerized medical data collecting? 
system. ; ° 

There are a number of medical data computing systems, 
but I choose to discuss one, that of the Commission on Pro- 
fessional and Hospital Activities (CPHA), because it is the 
only one specifically designed to consider quality, and be- , 
cause of my personal knowledge of it. In 1955, CPHA was 
established by joint action of the American College oÅ 
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Surgeons, the American College of Physicians, the Ameri- 
can Hospital Association, and the Southwestern Michigan 
Hospital Council. Its purpose’ was “to provide technologic 
assistance for carrying out the medical staff’s primary re- 
sponsibility, that of evaluating the quality of care, analyz- 
ing deficiencies and prescribing corrective action.” In 
other words, a unified review called the medical audit. 

Approximately 50% of all hospital discharges in the 
United States are analyzed and abstracted for computer 
tabulation. About 90% of those tabulated are processed 
through CPHA’s Professional Activity Study and Medical 
Audit Program (PAS-MAP). These programs are the cor- 
nerstones of the entire organization. 

For the PAS-MAP system to function effectively, it 
must depend on good hospital records and, most important 
of all, legible handwriting. Over the years, the American 
College of Surgeons has been concerned about the quality 
of hospital records. Too often they have been considered 
antiquated, meaningless, illogical, and, frequently, un- 
scientific. Myers’? notes with some asperity, “Hospitals are 
the only major business in which unreliable statistics are 
thoughtlessly selected, laboriously collected, promis- 
cuously dissected, and unreservedly accepted as facts 
which accurately gauge achievements.” 

What exactly can PAS-MAP do for you or your hospital? 
It can provide' “a display of the patterns of practice in a 
hospital through information abstracted from the medical 
record of every patient discharged.” These patterns of 
practice are the foundation of the medical audit. Why do 
we need a medical audit at all? We have no choice. Late in 
1972 Congress enacted a bill, Public Law 92-603, creating 
PSROs.* They were to determine whether care for all pa- 
tients under Medicare, Medicaid, and Title V of the social 
security amendments was medically necessary, of recog- 
nized quality, and provided in a proper facility. Only a 
properly executed medical audit can demonstrate that 
these requirements are satisfied. Of course, data constitut- 
ing a medical audit can be collected and analyzed by hand, 
and none of the current PSRO requirements by them- 
selves demand subscribing to a computer abstracting sys- 
tem but, in the interest of saving time and promoting 
efficiency, the use of a tested computerized system is 
invaluable. 

Before this medical audit can be properly executed, it 
must have the services of one or more trained health 
record analysts. Health record analysts can be any persons 
selected by the hospital to undertake the responsibility of 
learning the fundamentals of data retrieval, data display, 
and how to evaluate care. In the more than 2,000 hospitals 
in PAS, the task is considerably easier, and detailed 
knowledge of PAS is indispensable. Training is provided 
én two-day tutorials and in a five-day course of instruction 
in techniques of health record analysis. These sessions are 
offefed every month at various places around the country, 
and can be taken any number of times. These new allied 
health professionals are as necessary to a medical audit 
system as radiologic technicians, physical therapists, and 
other paramedical personnel are to hospitals. 

„T° move from the general to the more specific, let me 
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show you how a medical audit can be utilized in one hospi- 
tal, St. Joseph Mercy of Ann Arbor, Mich, which also hap- 
pens to be my hospital (Fig 1). 

Use of this material for publication required written 
permission from the administrator (even though I am on 
the CPHA board of trustees) because confidentiality for 
all PAS hospital records is strictly observed. The material 
displayed represents 11 of the 29 parameters describing 
the care given to 281 patients having a cholecystectomy 
done at St. Joseph Mercy Hospital compared to norms 
from 10,817 cases done at 41 large teaching hospitals of 
comparable size in Illinois, Michigan, and Ohio. For pur- 
poses of clarity, a parameter is defined as “an objective, 
definable, and measurable characteristic of the patient 
himself or of the process or outcome of his eare.” A norm 
is “a numerical or statistical measure of usual perform- 
ance.” It is represented by a dotted line on this graph. My 
hospital’s performance is indicated by an asterisk. 

The first four lines of rather routine admitting proce- 
dures show norms of 100% or nearly so. Line 5 shows the 
norm for blood glucose on admission to extend from 72% 
to 97%. St. Joseph Mercy was at 97%. Line 6, “Nitrogen 
Derivatives,” was similarly close. Our standing in line 7, 
“Chest X-ray,” was clearly above the norm. This high 
standing reflects our ironclad rule that no patient goes 
through the operating room doors who has not had a very 
recent chest roentgenogram. 

Line 8, “Liver Function,” indicates that St. Joseph 
Mercy Hospital has carried out liver functien tests in only 
58% of cholecystectomies, whereas the norm extends from 
68% to 98%. Several explanations present themselves for 
this position below the norm. One is that a well-visualized 
gallbladder containing stones is a liver function test in it- 
self, for an abnormal liver would not excrete the dye in 
this normal manner. This fact is not listed as a liver func- 
tion test on the abstract. Another explanation is that a 
liver function test or roentgenogram might have been 
done at an outside clinic or laboratory and the results not 
recorded on the chart by the physician. This must be con- 
sidered a deficiency. If all relevant infermation, from 
whatever source, is not recorded, an accurate profile of 
medical care cannot be developed. A third reason for our 
low standing might be hospital readmission. Readmission 
within a reasonably short period does not usually require 
duplicate studies. All of these reasons may not explain 
why we are not within the norm of the other 41 teaching 
hospitals in our area. A consultation between the chief of 
surgery and the health record analyst is clearly called for so 
that this deviation can be evaluated and corrective action 
instituted if a deficiency indeed exists. 

Line 9 indicates our concern about the possibility of 
pancreatitis because we show 40% of patients having cho- 
lecystectomy have received an amylase determination. 
The norm for this test extends from 18% to 32%. It is not 
an uncommon rule that all patients over a designated age 
should have an electrocardiogram prior to operation. We 
adhere to this rule, which accounts for our standing at the 
top of the norm in line 10. 

The last line, labeled “Biliary X-ray,” is one I believe to 
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be misleading since it does not refer to cholecystograms. 
In 1972, when these cases were abstracted, a roentgen- 
ogram of the biliary tract referred only to an intravenous 
chofangiogram or one taken during an operation. The PAS 
abstract is constantly undergoing revision and now, in 
1974, biliary roentgenograms include both oral and intra- 
venous cholecystograms taken preoperatively. Thus today, 
the norm, and our performance, probably would be in the 
90% to 100% range. 

The PAS profile on cholecystectomy presents an in- 
depth analysis of this operation. We have shown here only 
11 of the 29 parameters, but the others, including explora- 
tion of the common bile duct, incidence of pancreatitis, 
and postoperative wound infection, are equally important 
and available for study. 

Many physicians believe that the primary reason for the 
introduction of the PSRO legislation is cost control. 
Welch,’ on the other hand, is convinced that it can give us 
an opportunity to improve the quality of patient care. He 
writes, “There are many hospitals and doctors who do not 
recognize the differential diagnoses that should be consid- 
ered for certain patients or problems. If we list criteria of 
care, in the long run it can mean better patient care. A 
strong educational element is written into the law.” 

There are instances on PAS profiles where norms are 
very long. This demonstrates a difference in the philoso- 
phy of one hospital as compared to another. One example 
is the chest roentgenogram in children before tonsillec- 
tomy or adenoidectomy. Some hospitals I am acquainted 
with believe that this particular roentgenogram is unwar- 
ranted. Their belief is that it is an unnecessary expense, a 
delay in preparation for operation, and that the return in 
terms of pathologic findings is minimal. Others believe 
that all children should have this roentgenogram before 
an elective operation. Who is right? Eventually clinical re- 
search and peer review will have to make the decision. 

What does a hospital do when an obvious and often seri- 
ous deficiency is demonstrated by a study of the PAS pro- 
file? In the PAS system, the chief of surgery would direct 
the health record analyst to complete a special audit study 
work sheet.* His (or his committee’s) review of the data 
would identify any deficiencies in knowledge or in per- 
formance. Such pinpointing of error would do much to cor- 
rect the problem. Garrels® writes, “I maintain that all too 
often we don’t know what we don’t know. Only by looking 
at the pattern and profile of patient care can we find out 
where our deficiencies are.” Once the deficiencies are iden- 
tified, the hospital can establish its own methods to correct 
them. Generally, this will require that the deficiency under 
scrutiny would be introduced into the weekly departmen- 
tal conference. 

e But identifying and correcting deficiencies is not 
enough only once every two or three years. Ideally, pa- 
tient care should be assessed every day. This simply is not 
practical. One way of providing periodic ongoing review is 
the use of a CPHA report book called the Quality Assur- 
ance Monitor. This is one of the newer developments of 


7” the CPHA staff, and probably has not been implemented 


yet by more than a few hospitals. Sixty-two groups cov- 
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ering diagnoses and procedures in all departments, as well 
as some providing for hospital-wide studies, are listed in 
the booklet. The example (Fig 2) does not indicate a spe- 
cific diagnosis, but shows important parameters for all pa- 
tients who have had operations. The material reviewed 
here is not from my hospital, but from an anonymous one 
that has begun its periodic review, in this case quarterly. 
In the first column, PAS provides norms of a control 
sample of 200 PAS hospitals. Next to it is a column labeled 
“Pattern Standard” that indicates desirable standards to 
be set by each hospital staff. The next two columns show 
three numbers circled, indicating that their own stan- 
dards have not been met for that quarter. These may at 
this time only be deviations, but if they persist they may 
be considered true deficiencies. Subsequent quarterly 
studies may reveal that practices must change to reflect 
medical improvement. Some may question*’ the actual 
need for such continuous review. But case law precedent 
following the Darling decision, as well as an increasing 
number of state statutes, are firmly establishing the hos- 
pital’s corporate responsibility for the quality of care. The 
PSRO Act further places responsibility on the institution. 
The prudent hospital will give increasing attention, not 
only to assuring high quality of care, but to documenting 
the care itself and the quality assurance measures em- 
ployed. The procedures I have described provide a most 
valuable segment of this documentation. 

Is there anything specific in PAS-MAP for the individ- 
ual surgeon? There is in the Hospital Activity Report (Fig 
3), which sends to him alone a list of his surgical activities 
for six months. It tells him where most of his activity lies 
and how his length of stay compares with others. For the 
young surgeon preparing for fellowship in the American 
College of Surgeons, it provides a picture of the ex- 
tent and variety of the procedures for which he claims 
competence. 

The CPHA takes no stand for or against PSRO legisla- 
tion but, because of its long experience with the medical 
audit, it has a sophisticated expertise im providing the 
kinds of answers PSRO will expect. For nearly 23 years 
the staff has been developing newer and more accurate 
methods of analyzing, collating, and tabulating medical 
data, and today CPHA has over 100 million hospital dis- 
charges stored in its fireproof vaults for purposes of re- 
trieval. Public Law 92-603 will be fully operational in 1976, 
and hospitals that do not have a medical audit system now 
will find 18 months a very short time in which to perfect a 
smoothly operating machine for providing answers to 
government questions. Admittedly, there are variations in 
how one might do a medical audit, and it would be short- 
sighted for anyone to insist that one method is complete- 
ly right and all others completely wrong. But no matter 
what the details of a given audit procedure, there is an in- 
evitable need for more, and more accurate and more acces- 
sible, clinical data. And there is need for more and more 
streamlining of the process so as to save physician and 
paramedical time and hospital costs. This progress in au- 
dit technique can only come about if the standard-setting 
and regulatory bodies confine themselves to specifications, 
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if they concentrate on the goals to be achieved and do 
not embark on (or continue) the development of detailed 
methods. Only if this posture is taken can innovation be 
encouraged and improvement expected, not only in pro- 
viding the data, but in the entire quality assurance system 
of medicine. 


CONCLUSION 


At the beginning of these remarks, I questioned how a 
surgeon could be measured in today’s society. The art of 


surgery and the training required remain fundamentally 
unchanged. Performance has improved, but now govern- 
ment and the medical consumer demand evaluation of this 
performance. With the use of computerized abstracts of 
hospital records, we surgeons have a new tool for this task. 
We are at the very beginning of the use of this new 
method, and it is not yet completely understood by all sur- 
geons. But when it is, one fact will emerge: we will have 
an answer for our critics. 
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The Treatment of Infections and Infectious Diseases 
With Mercurochrome-220 Soluble* 


“As to the use of mercurochrome-220 in some of the infectious and contagious diseases that have 
been cited above, the recorded cases are still too limited to warrant any conclusions, except that the 
use of the drug has not apparently been associated with any untoward effect, and the results ob- 
tained have been sufficiently encouraging to warrant further trial. Its use in typhoid carriers seems 
warranted by the very favorable results of the experiments cited. In cases with prolonged septic 
temperatures, a few striking results have been obtained. 

A study of the charts and case histories shows a quite typical temperature reaction—an initial 
rise followed by a rapid fall to normal or below, often with no further pyrexia or much less than be- 
fore the injection. This is the most striking feature of what we might call the intravenous germi- 
cide reaction. Much study will be required to reach more than hypotheses in regard to this basic 
problem of chemotherapy. It is probable that the direct action of the drug on the bacteria in the 
blood stream or in local lesions is only one of the many factors involved. But the reaction is so defi- 
nite and so immediate that no one can gainsay its important relationship to the remarkable 
changes in the clinical condition which usually follow an injection of mercurochrome-220 soluble. 

We realize that, in thus presenting a new form of therapeutics in such a varied series of cases, we 
will encounter much criticism and perhaps be accused of presenting a panacea for every infectious 
disease. We are quite willing to meet this criticism with the series of cases here recorded, which we 
believe justifies the final assertion that in mercurochrome-220 soluble, intravenously administered, 
a really remarkable addition to therapeutics may be claimed. It is a drug the usage of which in a 
great variety of septic conditions seems justified. Further progress toward a “therapia sterilisans 
magna” has been made.” 


*Young HH, Hill JH, Scott WW: Arch Surg 10:813-924, 1925. 
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Rectovaginal Separation Operation 
After a “Cutback” Procedure 
for Anorectal Anomalies 


John D. Burrington, MD 


The “cutback” procedure has been widely utilized over the past 25 
years for correction of mild forms of ectopic anus encountered in 
newborn females. 

As these children have become adolescents, some are troubled by 
the cosmetic appearance created by this procedure, recurrent urinary 
tract infectiens, and persistent vaginitis from continued fecal soiling. 

The rectovaginal separation procedure described (1) separates the 
rectum from the vagina by interposing adjacent tissues, (2) elon- 
gates the rectal canal, and (3) utilizes flaps of perineal skin to gain a 
normal degree of separation of the anus from the vagina. 

Five girls, ages 6 to 15 years, have undergone this procedure with 
a temporary loop colostomy to protect the perineum during healing. 
The long-term functional and cosmetic results three to seven years 
later have been excellent in four patients. The fifth girl has been ob- 
served only five months, but seems to have an excellent cosmetic re- 
sult. 


he simplicity and good functional result of the 

“cutback” procedure for ectopic anus in the newborn 
female have made it popular since its first description by 
Browne. Infants having the rectal fistula opening on the 
perineum rarely require any other therapy for relief of 
their reetal obstruction. 

If the ectopic anus enters within the labia majora or on 
the posterior vaginal wall, however, the results are not as 
good. Some girls are bothered by frequent vaginitis or re- 
current. cystitis, and many have a constant mucus dis- 
echarge. As teenagers, some of them are also acutely self- 
conscious about the appearance and hygiene problems 
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caused by the proximity of the anus to the introitus. 

Experience with older girls who have had these diffi- 
culties after having a cutback procedure in infancy indi- 
cated that a procedure was required that would (1) move 
the anus posteriorly from the vagina, (2) restore some of 
the perineal body, and (3) allow the labia to close posteri- 
orly. In order to achieve these results, the procedure had to 
(1) elongate the anal canal, (2) interpose tissue to separate 
the anal canal from the posterior vaginal wall, (3) mobilize 
perineal skin to facilitate closure, and (4) not interfere 
with continence. While the procedure devised incorporates 
all of these features and is based on the principles outlined 
by Warren? for repair of birth injuries to the perineum, it 
differs from the standard procedures in two ways. 

First, the fistulas entering the posterior vagina have a 
short anterior wall that must be elongated if the anus is to 
be moved posteriorly to its normal position. Second, there 
is often a deficiency of perineal body and skin that must 
be moved in from adjacent areas if the perineum is to be 
rebuilt. In dealing with birth injuries to the perineum, the 
surgeon must identify and restore normal tissues to their 
original position. The patient with an anorectal anomaly 
treated by a cutback procedure requires mobilization of 
tissue to permit correction of a congenital deficiency of 
tissue. 

The detailed anatomy of the internal and external 


- sphincter in this form of anorectal malformation is not 


clearly understood. Both the internal and external sphinc- 
ters seem deficient or possibly absent. After anoplasty, 
however, one can feel a normally positioned levator sling 
and puborectalis, in addition to a contractile ring high up 
in the anal canal that probably corresponds to the deep 
portion of the external sphincter. 

Various operations have been devised to transplant the 
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Fig 1.—Irregular edge of septum is excised to facilitate entry into 
plane between vagina and rectum. 


Fig 3.—Large anal opening is decreased to normal size by closing 
most of dissected anterior anal opening from above downward. This 
elongates anal canal and enables approximation to perineal skin 
without tension. 
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Fig 2.—Entire length of posterior vaginal wall is dissected from 
rectum. Levator musculature is identified and medial edges mobi- 


lized. 


Fig 4.—Levators are approximated in midline between vagina and 
rectum. 
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Fig 5.—Bilateral flaps of skin and fat are created. When they have 
been mobilized, perineal musculature is approximated in midline. 
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rectovestibular anus posteriorly in the small infant or 
child. Bryndorf and Madsen, however, found that func- 
tional results following a simple cutback procedure or dila- 
tion of the ectopic anus were superior to those following 
perineal anoplasty. Stephens and Smith agree. 

Potts et al,° Rhoads and Koop,’ Trusler and Wilkinson,’ 
and Santulli et alè have all advocated some form of rectal 
transplantation. All emphasize the importance of finding 
and preserving the external sphincters, although clearly 
the patients are continent with an ectopically placed anus 
that does not pass through these sphincters. Also, once a 
cutback procedure has been performed, any sphincter 
muscle that was present must have been opened widely 
and cannot exert any contracting force on the anus; but 

eagain, the patients are continent. Thus, in the anoplasty 
described in this report, any obvious sphincter muscle is 
repaired but there is no extensive dissection looking for 


adjacent sphincter muscles. out injuring the puborectalis muscle. 
In older patients who have not required a cutback proce- 
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Fig 6.—Flaps are interdigitated to aid in separation of rectum 
from vagina and to take tension off of perineal closure. 


dure for a rectovestibular anal opening, Stephens and PATIENTS 
7’ Smitht prefer to perform a sacroperineal exposure of the Five girls, ages 6 to 15 years, were considered suitable for peri- 
rectum to permit adequate mobilization of the colon with- neal revision because of recurrent cystitis, recurrent vaginitis, or 
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Fig 7.—Patient 4 in lithotomy position six weeks after operation. 
In normal position, anus and vagina are tightly closed. 


both, following a cutback procedure done in infancy. All were oth- 
erwise in good health, although one child, age 12 years, had under- 
gone total correction of her tetralogy of Fallot 14 months prior to 
her perineal operation. All were operated on electively during the 
summer vacation. All had normal intravenous pyelograms, though 
one had unilateral high pressure ureteral reflux thought to be sec- 
ondary to repeated episodes of cystitis. 


PREPARATION 


Under general anesthesia, all patients were placed in lithotomy 
position and had a Foley catheter inserted under sterile condi- 
tions. The initial incision along the septum between anus and va- 
gina was deepened to separate these structures (Fig 1). The ante- 
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rior 180° of the rectum was dissected free from the entire length 
of the posterior vagina until the levators could be palpated on both 
sides (Fig 2). The anal opening at this point is elliptical, with the 
anterior 180° being completely mobilized. This anterior portiof is 
then closed from above downward with a running absorbable su- 
ture reinforced by a second row of interrupted sutures (Fig 3). 
This maneuver reduces the anal orifice to a more normal size and 
also lengthens the anterior wall of the anal canal. Since any poste- 
rior transplantation of the anal orifice requires additional length 
on the anterior wall, this step is essential to gain length adequate 
to approximate the anus to perineal skin without tension. 

The levators are then approximated anterior to the rectum for a 
distance of 3 to 4 cm with nonabsorbable sutures to interpose soft 
tissue between the rectum and vagina (Fig 4). The levators nor- 
mally lie close together in these children and do not require the ex- 
tensive mobilization required in the repair of a rectocele or birth 
injury. 

The perineal body is reconstructed by bringing soft tissue to- 
gether in the midline with deep interrupted sutures. In three of 
the five patients there were identifiable strands of sphincter 
muscle to approximate, but in the other two there was no identi- 
fiable external sphincter. This muscle appears not to be essential, 
however, since all of these girls were continent before and after 
the dissection. 

Once the perineal body has been constructed to separate the 
vaginal from the rectal orifices, it is usually necessary to mobilize 
skin flaps to allow closure without tension (Fig 5). The flaps also 
have the theoretical advantage of breaking the line of the scar so 
that the anus and vagina will not be drawn together as healing 
progresses (Fig 6). 

The free edges of the rectal mucosa and the skin flaps are closed 
with 4-0 silk (first three patients) or 4-0 polyglycolic acid (Dexon). 
The vagina is repaired in layers, with careful approximation of 
both labia minora and labia majora. If this is not done, the in- 
troitus gapes open and presumably would be more susceptible to 
vaginitis. The labia are frequently abnormal because of the un- 
derlying congenital defect or as a result of the cutback procedure, 
but in all cases it was possible to produce a grossly normal in- 
troitus. 

After completion of the perineal portion of the procedure, a loop 
sigmoid colostomy is created using a separate set of instruments. 


POSTOPERATIVE CARE 


The patient is fitted with a temporary colostomy bag and ambu- 
lated on the day following operation. The Foley catheter is re- 
moved on the fifth postoperative day and the patient begun on sul- 
fisoxazole therapy after obtaining a urine culture. The patient can 
be discharged as soon as she is able to manage her temporary co- 
lostomy, usually on the fifth to the seventh day. 

After six weeks, when perineal healing is complete (Fig 7), the 
patient is readmitted for elective colostomy closure. 


RESULTS 


Four patients have been observed three to seven years, 
and the fifth patient has been observed five months. All 
are completely continent and free of the vaginitis or cys- 
titis that prompted their selection for operation. All pa- 
tients and their families are satisfied with the improve- 
ment in the appearance of the perineum, and there have 
been no operative or postoperative complications. 


COMMENT = 


The ease and freedom from complications of the cutback, 
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procedure continue to make it an attractive initial oper- 
ation in the newborn female with a perineal fistula. It can 
be performed in the nursery with local anesthesia, and al- 
ways produces a satisfactory functional result. 

If the fistulous bowel opening is in the posterior four- 
chette or on the posterior vaginal wall, however, the cut- 
back may prove less satisfactory than a perineal anoplasty 
involving transplantation of the entire fistula to the nor- 
mal position of the anus.’ This type of anoplasty is best 
protected by a diverting colostomy to minimize the chances 
of disruption and recurrence of the rectovaginal fistula. 
Thus, the surgeon who first evaluates the infant must de- 
cide between a perineal anoplasty protected by a colos- 
tomy in the newborn period, or a cutback procedure that 
may require an extensive revision when the child is older. 

Confusing and complex nomenclature’ for variations in 
the anatomy of anorectal anomalies have hindered com- 
parison of surgical results reported according to the type 
of anomaly present. All females with such an anorectal 
anomaly tend to be grouped together in many series when 
choice of operation and results are discussed. Con- 
sequently, the cutback procedure has been performed in 
some children who were not properly selected for this pro- 
cedure. As the specific anatomic criteria that determine 
the efficacy of the cutback procedure become more clearly 
defined, the need for a procedure such as described herein 
will be infrequent. 

In three of the five patients in this report, the exact lo- 
cation of the ectopic anus could not be determined from 
the referring physician’s note. It appears, however, that 
all of the openings were within the vestibule above the 
level of the labia majora (posterior fourchette). In both pa- 
tients originally treated by me, the anal orifice was well 
above the position of the usual “fourchette fistula” and 
probably should not have been treated initially with a cut- 
back. It appears that the cutback is not advisable when 
the rectal opening is not on the perineum but is above the 
level of the labia majora, since it causes the labia to gape 
posteriorly. The constant soiling of the vagina with feces 
frequently causes vaginitis and cystitis. When the anal 
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opening is at the posterior fourchette or’out on the peri- 
neum, the labia minora are sufficient to protect the pa- 
tient from vaginitis and cystitis. 

None of the patients in this series have become preg- 
nant, but all have been advised to consider having all chil- 
dren delivered by section since episiotomy or unassisted 
pelvic delivery may result in disruption of the perineal re- 
pair and development of a stage 4 perineal injury. 
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Discussion 


JOHN RAFFENSPERGER, MD, Chicago: I think this is a delightful 
operation. Technically, it accomplished what the surgeon set out to 
do, but I certainly would heed his advice about a colostomy. 

As long as I have done this type of work and the more I see it, 
the more I realize that there is nothing worse in pediatric surgery 
than a child with imperforate anus. 

At the Children’s Hospital in Chicago we have done the cutback 
for lesions that are on the perineum below the fourchette. We 
modify it a little with a V-shaped incision that is advanced up into 
the rectum. This produces a better skin-lined rectum. 
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Neonatal Necrotizing Enterocolitis 


Evolution of New Principles in Management 


Eli R. Wayne, MD; John D. Burrington, MD; John Hutter, MD 


Over a three-year period, we have operated on 30 infants with 
necrotizing enterocolitis. Because of the increased experience with 
this lesion, we have evolved reliable guidelines for both early diag- 
nosis and operative treatment of necrotizing enterocolitis. 

Initial therapy was nonsurgical in most cases and included gas- 
trointestinal tract decompression, systemic antibiotics, and correc- 
tion of fluid, electrolyte, and metabolic abnormalities. Absolute indi- 
cations for surgery and thought to be prima facie evidence for bowel 
necrosis were (1) cellulitis of the anterior abdominal wall, (2) free in- 
traperitoneal air, (3) a single dilated intestinal segment present on 
serial roentgenograms, (4) clinical deterioration in the presence of 
appropriate medical therapy, and (5) persistent abdominal tender- 
ness. 

Although all 30 patients operated on had necrotic bowel proved at 
histologic examination, 21 survived (70%). All patients listed as sur- 
vivors, with the exception of two, have had intestinal tract continuity 
reestablished and are doing well. 


Ithough previous communications credit the earliest 
description of neonatal necrotizing enterocolitis to a 
variety of individuals,’ the first comprehensive report de- 
scribing the disease as we now know it was by Waldhau- 
sen and his associates in 1963.‘ In the intervening 11 
years, the incidence of neonatal necrotizing enterocolitis 
has progressed in many newborn centers from infrequent, 
seattered cases to near epidemic proportions. Its now com- 
monplace occurrence poses a continuing severe threat to 
all newborns, particularly to those who are premature or 
small for gestational age. 

Neonatal necrotizing enterocolitis is a potentially lethal 
disease of newborn infants characterized by bowel wall 
necrosis of variable length and thickness. The extent of 
the enterocolitis ranges from mucosal ulceration and de- 
nudation to transmural necrosis of the bowel wall. The 
length of bowel affected may be as short as several cen- 
timeters or may involve the entire gastrointestinal tract 
from stomach to sigmoid colon. 

Opinions of striking variation exist in the literature 


concerning the management of necrotizing enterocolitis. 
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One investigator has suggested that infants with acute 
necrotizing enterocolitis and associated free intestinal 
tract perforation should be managed medically rather 
than subject the infant to an operation.’ Other reports 
recommend a more aggressive surgical approach.’ Because 
of these contrasting reports, one might surmise that no 
good management criteria exist. Our own management 
principles, however, have not changed greatly as our expe- 
rience has increased. The purpose of this article is to sug- 
gest (1) that reliable guidelines have now evolved in the 
management of neonatal necrotizing enterocolitis and (2) 
that strict application of these principles to both the indi- 
cations for surgery and the intraoperative care of these 
infants may result in improved survival. 


SUBJECTS 


From July 1971 to June 1974, we have participated in the care of 
nearly 100 infants with necrotizing enterocolitis. Thirty of these 
infants underwent a celiotomy by either one of two surgeons 
(E.R.W. or J.D.B.). An additional nine patients operated on by 
other surgeons have not been included in this study since the indi- 
cations for surgery and operative procedures in these patients 
were occasionally at variance with our management. All data pre- 
sented in this report shall concern only those 30 patients treated 
operatively. 


Perinatal Data 


Maternal complications were common and included incompetent 
cervix, premature rupture of membranes, abruption, and placenta 
previa. A consistent finding among the neonates developing necro- 
tizing enterocolitis was a low birth weight. Exactly two thirds of 
the patients weighed less than 1.5 kg [3.3 lb] (eight under 1 kg [2.2 
lb] and 12 from 1 to 1.5 kg [2.2 to 3.3 lb]), while only three weighed 
2.5 kg [5.5 lb] or more. Six weighed between 1.5 and 2.0 kg [3.3 and 
4.4 lb] and one weighed between 2.0 and 2.5 kg [4.4 and 5.5 lb]. 
Most of the low birth weight infants were premature but of ap- 
propriate size for their gestational age. Five infants, in addition 
to being premature, were also small for gestational age. 


Associated Problems 


The most commonly associated problems in these infants were 
hyaline membrane disease, hyperbilirubinemia, and patent duetus 
arteriosus. Sixteen infants had hyaline membrane disease, but in 
only six of these children was the nature of the respiratory dis- 
ease serious enough to require endotracheal intubation and the 
use of mechanical ventilatory assistance. The remaining ten pa- 
tients with hyaline membrane disease required only increased am- 
bient levels of oxygen in the incubator. Seventeen patients had in- 
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Fig 1.—Pneumatosis intestinalis outlines medial and lateral walls 
of splenic flexure and descending colon. 


dwelling umbilieal arterial catheters for continuous blood gas 
monitoring. Three jaundiced infants had exchange transfusions. 
There were three infants with patent ductus arteriosus, two of 
whom required ductus ligation subsequent to their intestinal tract 
resection for necrotizing enterocolitis. 


Age at Diagnosis 


The mean age at diagnosis was 4 days, with an average of 6 
days. Four infants became symptomatic within the first 24 hours 
after birth, while one child was 35 days old when symptoms were 
first noted. The clinical findings heralding the onset of neonatal 
necrotizing enterocolitis were similar in nearly all patients. The 
symptoms consisted of regurgitation or large gastric residuals fol- 
lowed by bilious vomiting (27 patients). Nearly two thirds (19 of 
30) of the patients had obstipation, while most of the remainder 
had diarrhea (six), usually associated with frank blood (12). Ab- 
dominal distention and tenderness were present in all patients. 
Localized erythema and induration of the abdominal wall were 
noted in 13 infants. 


FINDINGS 
Laboratory Findings 


These were nonspecific but, in general, reflected the re- 
sponse of the neonate to sepsis caused by bowel necrosis. 
Platelet counts obtained during the acute phase of neo- 
natal necrotizing enterocolitis were less than 75,000 in all 
cases, while the peripheral smear was characterized by 
a marked predominance of unsegmented polymorphonu- 
clear and burr cells. Total white blood cell counts (WBC) 
weré variable (decreased in one third, normal in one third, 
increased in one third), but the lowest of these were seen 
in infants with the most severe stress. Arterial blood sam- 
ples were nearly always severely acidemic, with pH values 
fnot*infrequently below 7.2. Urine output was consistently 
low with high specific gravity. 
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Fig 2.—Segmental dilation, with associated pneumatosis intesti- 
nalis (arrows), of ascending, transverse, and proximal part of de- 
scending colon. At surgery, these were only areas of necrotic bowel. 


Fig 3.—Branching lucency within most of right lobe of liver indi- 
cating portal venous gas. Multiple small lucencies along right side 
of abdomen represent pneumatosis intestinalis. 


Eee. 
= 

y 

Ë 





Roentgenographic Findings 
The data indicate that pneumatosis intestinalis was the 
most common roentgenographic expression of necrotizing 
enterocolitis (16 patients) (Fig 1). Persistent dilation on 
serial roentgenograms of a single bowel segment, usually 
with coincident pneumatosis, was seen in ten infants (Fig 
2). Generalized distention was noted in eight children and 
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free intraperitoreal air in nine. Air in the portal vein, ei- 
ther in the liver or at the level of the porta hepatis, was 
seen in seven infants (Fig 3). Diagnostic barium enema 
was performed in five infants in the acute phase of nec- 
rotizing enterocolitis, with three resultant colon perfora- 
tions. Three other infants were noted to have severe colon 
strictures on barium enema carried out after resolution of 
the acute phase of necrotizing enterocolitis. 

Initial therapy was nonsurgical in most cases and in- 
cluded intestinal tract decompression, parenteral anti- 
bioties, and correction of fluid, electrolyte, and metabolic 
abnormalities. Frequent reexamination of the patient by 
both surgeon and neonatologist was part of the manage- 
ment of each child. Since all these infants were critically 
ill, great emphasis was placed on appropriate timing for 
surgical intervention. All patients with either cellulitis of 
the anterior abdominal wall or free intraperitoneal air on 
abdominal roentgenogram were managed nonoperatively 
only until clinically stable and then referred for immedi- 
ate surgery. Medical management was continued in all 
other cases unless the patient continued to deteriorate or 
abdominal tenderness persisted. Signs of clinical deteri- 
oration thought to be evidence for dead bowel were failure 
to maintain normal blood pressure, a failing platelet 
count, and persistent acidosis. 

Once operation was decided on, all operations were per- 
formed through lower abdominal transverse incisions. At 
operation, only obviously necrotic bowel was excised and 
bowel ends were exteriorized. Primary anastomosis was 
never attempted because (1) the remaining bowel fre- 
quently was ischemic, (2) fecal contamination was pres- 
ent, and (3) the stoma provided an indication of the circu- 
lation in the remaining intestine. To preserve maximal 
intestinal length, bowel of questionable viability was al- 





Fig 4.—Intraoperative appearance of bowel affected with necrotiz- 
ing enterocolitis. Note focal hemorrhagic necrosis, discoloration, 
and pneumatosis in lower segments of bowel. Bowel just proximal 
to this was less involved and was not resected. Site of perforation 
indicated by arrow. 
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ways left in situ, and the patient underwent further ex- 
ploratory surgery 12 to 24 hours later if clinical evidence 
of necrotic bowel persisted. In all cases, a gastrostomy 
was constructed to aid initially in gastrointestinal ttact 
decompression and, later, for ease in feeding. 

The areas of the gastrointestinal tract involved with 
necrotizing enterocolitis were as follows: distal part of 
ileum and colon (nine), ileum only (eight), ascending colon 
(three), transverse, descending colon (three), transverse, 
ascending colon (one), and sigmoid colon (one). Five in- 
fants had necrosis of the entire bowel from stomach to 
rectum at the initial exploration. The involved segments 
of intestine were usually dilated, and the bowel wall was 
discolored by reddish-black areas representing transmural 
hemorrhagic necrosis (Fig 4). Gas bubbles of pneumatosis 
intestinalis were frequently seen trapped beneath the se- 
rosa (Fig 5). The ulceration of the bowel wall was fre- 
quently so extensive as to allow visualization of the con- 
tents of the bowel lumen through the intact serosa. Frank 
perforations were also common. Organisms cultured from 
the peritoneum at surgery (and frequently also from the 
blood) included most commonly Klebsiella, followed closely 
by Escherichia coli and Bacteroides. The Bacteroides was 
always accompanied by at least one other bacterium. 

Although all 30 patients operated on had necrotic bowel 
noted at surgery, 21 survived (70%). Histologic examina- 
tion of the resected bowel in all cases revealed transmural 
necrosis. Five of the nine deaths occurred in patients with 
total gastrointestinal tract necrosis. None of these infants 
were subjected to intestinal resection, and all died shortly 
after returning to the newborn unit. All patients listed as 
survivors, with the exception of two, have had intestinal 
tract continuity reestablished and are doing well. One of 
these two children died at 1 year of age from a salt-losing 
nephropathy, while the other died when he was 10 months 
old as a result of complications following a neurosurgical 
procedure. 


COMMENT 


Accurate early diagnosis followed by prompt institution 
of appropriate therapy, both medical and surgical, are the 
keys to increased survival rates in neonatal necrotizing 
enterocolitis. Identification of those children at risk to de- 
velop the disease has become easier as our experience with 
these infants has grown. Infants developing necrotizing 
enterocolitis usually are either premature or small for ges- 
tational age. Patients with birth weights of less than 1.5 
kg (3.3 lb) comprise the large majority of those who de- 
velop neonatal necrotizing enterocolitis. 

A number of investigators believe the most likely path- 
ogenesis of neonatal necrotizing enterocolitis is decreased 
mesenteric blood flow during periods of hypotension or, 
stress in the perinatal period.*’ Mesenteric ischemia is 
thought to be caused by a shunting of blood away from 
the splanchnic circulation to other organs during intervals 
of stress. Several reports pointed to a possible causal rela- 
tionship between indwelling umbilical arterial and venous 


catheters or exchange transfusions and the subsequént \ 


development of necrotizing enterocolitis.**" Indeed, 17 of 
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Fig 5.—Intraoperative appearance of pneumatosis intestinalis. 
Note large collections of subserosal air. 


the 30 infants in this report had indwelling catheters, and 
in three cases the onset of the necrotizing enterocolitis 
closely followed exchange transfusions. Numerous alter- 
native causes, in addition, have also been reported in the 
literature.'*? In contrast to a prior report," it is not un- 
common for a child with no evidence of hyaline membrane 
disease to develop necrotizing enterocolitis. 

The symptoms of neonatal necrotizing enterocolitis usu- 
ally develop within the first week of life and are charac- 
terized by the onset of lethargy, temperature instability, 
large gastric residuals or frank vomiting, obstipation, or 
bloody diarrhea. Obstipation occurs with roughly twice the 
frequency of diarrhea, while a few patients have normal 
stooling patterns. Physical examination in all cases re- 
veals marked abdominal distention as well as tenderness, 
either localized or diffuse. A physical finding of great im- 
portance is the presence of localized erythema and indura- 
tion of the abdominal wall. Nonsurgical therapy of infants 
with this finding is uniformly unsuccessful and, at oper- 
ation, the anatomic location of the necrotic bowel usually 
corresponds with the abdominal quadrant involved with 
the cellulitis. 

Frequent abdominal roentgenograms are of inestima- 
ble value, both in establishing the diagnosis of necro- 
tizing enterocolitis and in aiding in determining the re- 
sponse of the neonate to ongoing medical treatment. The 
most common finding is pneumatosis intestinalis or pres- 
ence of air in the wall of the bowel. Localized intestinal 
distention, usually with coincident pneumatosis, is next in 
order of frequency and is a valuable prognostic sign when 
the dilated single bowel segment persists on repeated 
roentgenograms (Fig 3). In these cases, the anatomic loca- 
tion of necrotic bowel frequently corresponds to the posi- 
tion ‘of the persistently dilated loop noted on the x-ray 
film. Barium enema in the acute phase of necrotizing en- 
terocolitis is mentioned only to condemn it. It is unneces- 
sary for either diagnosis or in predicting the need for sur- 
“ery, and may result in colon perforation because of 
compromised bowel wall integrity. 


e 
Arch Surg/Vol 110, May 1975 


Once the diagnosis of neonatal necrotizing enterocolitis 
is established, initial therapy in most cases should be non- 
surgical. Intestinal decompression, systemic antibiotics, 
vigorous fluid therapy (which should include electrolyte so- 
lutions as well as plasma and whole blood), and correction 
of metabolic and electrolyte abnormalities are, all em- 
ployed. A factor of great value is the rate of urine flow 
and its specific gravity. Both of these measurements must 
be in the normal range in order to insure adequate gut 
perfusion. Continuous monitoring of the blood pressure by 
ultrasound techniques is an integral part of the manage- 
ment of these infants since this is a direct reflection of the 
patient’s intravascular volume. An additional treatment 
modality that has been reported is the use of topical gen- 
tamicin given by nasogastric tube.’ Low molecular 
weight dextran has also been suggested to prevent mesen- 
teric vascular sludging.'® 

Repeated examination of the infants as well as 
evaluation of new laboratory and roentgenographic data 
should be accomplished at intervals no greater than four 
hours. Absolute indications for early surgery are (1) cellu- 
litis of the anterior abdominal wall and (2) free intraperi- 
toneal air on abdominal roentgenogram. In infants with 
either of these findings, rapid correction of fluid and elec- 
trolyte problems, if present, is carried out followed by op- 
erative therapy. Infants with evidence of (1) clinical dete- 
rioration in the presence of appropriate medical therapy, 
(2) persistent abdominal tenderness, or (3) a single dilated 
intestinal loop, usually with associated pneumatosis in- 
testinalis, present on serial abdominal roentgenograms 
are also treated surgically. Neither pneumatosis intesti- 
nalis, no matter its extent, nor intrahepatic portal venous 
air, are considered in themselves to be indications for 
surgery. 

With careful preoperative evaluation, all infants under- 
going exploratory celiotomy should indeed have nonviable 
intestine. All operations are performed through lower ab- 
dominal transverse incisions. The most frequently in- 
volved areas of the bowel are the ileum and ascending 
colon. Only obviously necrotic bowel is excised and gas- 
trostomies are constructed. All bowel ends are exteri- 
orized since primary anastomosis should not be attempted. 
To preserve maximal intestinal length, bowel of question- 
able viability should always be left in situ, and the patient 
should undergo further exploratory surgery within 24 
hours if clinical evidence of necrotic bowel persists. 

Because the gross appearance of the bowel may not al- 
ways correlate well with the microscopical severity of the 
disease process, we advocate a less aggressive surgical ap- 
proach toward the extent of the bowel resection. It is in- 
deed a tragedy to excise a segment of bowel that to the 
surgeon’s eye appears necrotic, but that is reported by the 
pathologist to show only mucosal ulceration. The newborn 
intestine has a striking ability to heal by epithelialization 
as well as by fibroblastic proliferation." This will occasion- 
ally result in stricture formation. If the stricture does not 
spontaneously resolve, it can be resected when the infant 
is out of the newborn period and end-to-end anastomosis 
can then be safely performed. Operations that involve re- 
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section of large amounts of small bowel are ill-advised and 
poorly tolerated in neonates. Such infants, even if they 
do survive the operative procedure, become nutritional 
cripples. 

Postoperative feeding problems are very common, and 
many infants require intravenous hyperalimentation be- 
cause of recurrent water-loss stools. Although we prefer to 
delay reestablishment of intestinal continuity until pa- 
tients weigh 4.5 kg (10 lb), those infants with small bowel 
stomas who are unable to tolerate oral feedings for long 
periods of time should have intestinal anastomosis carried 
out as soon as their general health permits, regardless of 
their weight. Infants having intestinal tract resection 
usually develop a considerable discrepancy in size between 
the proximal part of the bowel and its mucous fistula. Be- 
cause there is delayed function when these discrepant 
bowel segments are anastomosed, resumption of oral 
feedings after reestablishment of intestinal tract continu- 
ity is frequently delayed for long periods of time. Total 
parenteral nutrition is of incalculable value in preparing 
these infants metabolically for the stress of surgery and 
also will provide for the healing of the intestinal tract 
anastomosis. 
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Discussion 


Joun K. Stevenson, MD, Seattle: As Dr. Wayne has said, in 
spite of early recognition and prompt, aggressive medical treat- 
ment, a number of these infants afflicted with neonatal necrotiz- 
ing enterocolitis will require surgical therapy if they are to sur- 
vive. Dr. Wayne reports here 30 out of approximately 100 cases 


(30%). At the time of our last publication in 1971, 22 out of 48 cases — 


(52%) required operation. Since that time, we have had an addi- 
tional 73 cases, for a total of 116. Only 15 of the last 73 cases (20%) 
required operation. 

There were five deaths in the group that underwent operation, 
for a mortality of 33%. Four of these babies had total necrotic 
bowel and no resection could be done. 

The overall mortality at the time of our last publication in the 
43 patients was 37%. In the last 73 patients, there were 11 deaths, 
a 15% mortality, or 28% in our total experience of 116 patients. 

Our criteria for this operation have remained essentially un- 
changed and are much the same as those recommended by Dr. 
Wayne. However, we are operating on fewer of these babies now 
than we did in the past. I have the impression that we are select- 
ing those who require operation much earlier. 

Pneumoperitoneum was present in six of the 43 babies in our 
original report and detected in only one in the latter group of 73. 
We would consider cellulitis of the abdominal wall to be an ex- 
tremely late finding. 

I would like to know the mortality in Dr. Wayne’s unoperated 
group. I am convinced from our data that earlier diagnosis and 
prompt aggressive medical treatment will, in most instances, halt 
the progression of this condition, allow healing to take place, and, 
thereby, avoid the complications that will require surgical inter- 
vention in these infants. Prior to the 1963 report of Waldhausen et 
al, this condition was essentially unrecognized. Just a few years 
ago, the mortality was still reported as high as 75% to 80%. Today, 
we are talking of an overall mortality as low as 15% to 20% and an 
operative mortality as low as 30%. I remind you that this is a 70% 
survival in a group of patients, 100% of whom would have died 
without the benefit of surgery. 

The contributions of Lloyd in Michigan, Touloukian et al in New 
Haven, Conn, demonstrating the effect of hypoxia on mesenteric 
circulation in the infant, DeLomos of Texas, and Barlow and San- 
tooli in New York, demonstrating the protective influence of 
breast milk, have not only enlightened us as to the pathophysiol- 
ogy of the process involved but, I believe, the true cause of this 
disorder. While it is true that I am an optimist, I believe that 
these most recent contributions have put us on the threshold of 
being able to prevent this condition, rather than placing us in the 
position of merely treating it. 

Dr. WAYNE: I would like to thank Dr. Stevenson for his com- 
ments and answer the question he asked: what is the mortality in 
the group that did not undergo operation? 

There were four children who died without surgery, all of whom 
had massive amounts of bowel necrosis. It is our very strong be- 
lief that the only children who should die from this disease are 
those who have been operated on. In other words, the medically 
treated patients all should be doing well and getting better. 

Occasionally, it is difficult for us to convince the neonatologists 
to operate on a 0.9-kg (2-lb) infant who is dying, but in the pa- 
tients we have been able to operate on, we have achieved, I think, 
improved survival statistics. This is the real point of this article, 
to outline what our diagnostic criteria are, as well as the indica- 
tions for surgery and what we actually do in the operating room. 

I would also like to credit Dr. Burrington, my coauthor, who,has 


really established the criteria for diagnosis and operative treat-, 


ment. I have only carried them on as his student. 
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~ Drug-Induced Colitis Mimicking 
an Acute Surgical Condition of the Abdomen 


Francis J. Tedesco, MD; Charles B. Anderson, MD; Walter F. Ballinger, MD 
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Pseudomembranous colitis secondary to antibiotic therapy has re- 
ceived increasing recognition. During a one-year period, eight of 42 
patients with this entity had findings closely resembling an acute 
surgical condition of the abdomen manifested by fever, leukocytosis, 
and severe abdominal pain and tenderness. All eight patients re- 
ceived clindamycin and two were also given lincomycin hydrochlo- 
ride monohydrate. Differentiation from an acute surgical condition of 
the abdomen was difficult until the characteristic findings of pseudo- 
membranous colitis were noted on proctoscopic examination. Unnec- 
essary celiotomy was averted in all patients. Seven of eight patients 
responded to discontinuation of the antibiotic and supportive mea- 
sures; one required a diverting ileostomy. Drug-induced colitis must 
be an important consideration in any patient recently receiving anti- 
biotics who develops fever, abdominal pain, and diarrhea. 


een diarrhea associated with antibiotics is not 
unusual,’ considerable interest has recently been fo- 
cused on a “specific” type of colitis manifested by plaque- 
like elevations on the colonic mucosa that, on histologic 
examination, are found to be pseudomembranes. Pseudo- 
membranous enterocolitis?’ is an inflammation and necro- 
sis of the bowel that generally involves the mucosa, but 
can extend into the submucosa. The cause is unknown, but 
suspected causes include heavy metal poisoning, localized 
disease of the blood supply, postoperative states, Staphylo- 
coccus overgrowth, and obstruction. Pseudomembranous 
colitis has also been reported following lincomycin hydro- 
chloride monohydrate,** ampicillin,’ tetracycline,** chlor- 
amphenicol,? and, most recently, clindamycin. The 
proctoscopic examination has been shown to be diagnostic 
and reveals edematous, occasionally erythematous and/or 
friable mucosa covered with raised yellow-white plaques.” 


CLINICAL POPULATION 


In a 12-month period, 42 patients were diagnosed by procto- 
scopic examination to have pseudomembranous colitis. Thirty- 
four cases were confirmed by rectal biopsy examinations. The co- 
litis followed antibiotic administration in all patients. The offend- 
ing agents included clindamycin in 36 patients (86%), ampicillin in 
three, lincomycin in two, and tetracycline in one. In most cases, 
the initial symptoms included mild abdominal pain, nausea, and 
intractable diarrhea. 

Eight of the 42 patients had, in addition to the usual findings, 
fever, leukocytosis, and severe abdominal pain, which strongly 
suggested an intra-abdominal process substantial enough to war- 
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rant consideration for operative intervention (Table). All eight pa- 
tients had received clindamycin and two also received lincomycin. 
Antibiotics were administered for various reasons, but in all in- 
stances the patients had been afebrile prior to the onset of 
diarrhea, abdominal pain, and fever. The history of diarrhea was 
not elicited initially in four of the eight patients, causing a delay 
in diagnosis in each. Elevated temperatures were present in all 
patients, and six had leukocytosis. All patients had abdominal dis- 
tention, diffuse abdominal tenderness, and voluntary guarding. 
However, true rigidity was not present and, although exquisite 
rebound tenderness was not elicited, there was always some 
rebound discomfort. Bowel sounds ranged from hypoactive to hy- 
peractive. These findings were strongly suggestive of, but not 
diagnostic for, an acute surgical condition of the abdomen, and 
initially a real diagnostic and therapeutic dilemma existed. Surgi- 
cal consultation was obtained in six cases and operation was 
planned in four until proctoscopic examination revealed the yel- 
low-white plaques on edematous, occasionally friable mucosa, typ- 
ical of pseudomembranous colitis. Rectal biopsy specimens were 
obtained in seven of the eight patients and all revealed histologic 
findings of pseudomembranous colitis (Figure). 

Seven patients responded to supportive therapy consisting of 
discontinuation of the antibiotic; administration of a mixture of 
diphenoxylate hydrochloride and atropine sulfate (Lomotil); intra- 
venous administration of fluids; and maintenance of electrolyte 
and albumin balance. In one patient the diarrhea was intractable 
despite these measures, and there was progressive deterioration 
until an ileostomy was performed. 


REPORT OF CASES 


Case 1.—A 68-year-old woman with chronic renal failure had 
been on hemodialysis for five months when she was admitted with 
confusion, abdominal pain, fever, and diarrhea. She was treated 
for two weeks prior to admission with orally administered clin- 
damycin, 150 mg four times daily, for cellulitis of the arm in the 
area of an arteriovenous fistula. 

Eight days after starting antibiotics, the patient developed se- 
vere diarrhea of eight or more loose watery stools per day, which 
continued at the time of admission. The patient was admitted 
with confusion, a temperature of 39.6 C (103.3 F), abdominal dis- 
tress with voluntary guarding, and leukocytosis (37,500 cells) with 
left shift. 

The attending physician believed that the patient had an intra- 
abdominal process and requested surgical consultation. The con- 
sulting surgeon agreed that an intra-abdominal process could not 
be ruled out and ordered that an operating suite be made ready. 
Results of a pelvic examination, chest roentgenogram, abdominal 
roentgenogram, blood urea nitrogen (BUN), and liver function 
tests were all within normal limits. Proctoscopy revealed white 
plaques on friable edematous mucosa. Gram stain and subsequent 
cultures of the mucosal lesions and stool failed to reveal Staphylo- 
coccus or other enteric pathogens. The diagnosis of pseudomem- 
branous colitis was thus established, and histologic examination of 
the rectal biopsy specimen confirmed this impression. 

In view of the known association between pseudomembranous 
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Patient No. Age, yr Admission Diagnosis 


1 19 
urinary tract 
infection 


Diverticulosis, 
diverticulitis 


Chronic renal failure 


Carotid artery 
aneurysm clipping 


Diabetes mellitus, 
toe infection 


Perforated jejunum 


Fever of uncertain 
cause 


Cellulitis of foot 


Traumatic paraplegia, 


Antibiotic 
Clindamycin, by mouth 


Lincomycin, intramuscular 
clindamycin, by mouth 


Clindamycin, by mouth 


Clindamycin, 
intravenous 
Clindamycin, 
intravenous 
Clindamycin, 
intravenous 
Lincomycin, 
intramuscular 
Clindamycin by mouth 


Clindamycin by mouth 


Temperature, C (F) 


39.9 (103.8) 


38.7 (101.6) 


39.1 (102.4) 
38.6 (101.4) 


38.6 (101.4) 
38.2 (100.8) 


40.1 (104.2) 


40.0 (104.0) 


WBC 


15,000 


9,200 


37,500 
10,000 


12,200 


9,000 


16,700 


27.000 





Treatment 
Supportive 


Supportive 


Supportive 
Supportive 


Supportive 
Supportive 


Supportive 





ileostomy 


* AIl had intractable diarrhea. 


colitis and this clinical setting, the surgical exploration was can- 
celed. Clindamycin was discontinued and the patient was treated 
with intravenously administered fluids; a mixture of diphenoxy- 
late and atropine; and electrolyte replacement and observed with 
repeated examinations of the abdomen. The patient’s fever and 
abdominal symptoms returned to normal within 48 hours, and the 
diarrhea subsided after 96 hours. Proctoscopic examination dem- 
onstrated complete resolution of the colitis within four weeks. Ap- 


Histologic section of rectal mucosa. Colonic mucosa is well pre- 
served but contains marked polymorphonuclear infiltrate. Pseudo- 
membrane composed of fibrin, mucus, and varying number of mono- 
nuclear cells, polymorphonuclear leukocytes, and necrotic cells is 
attached to colonic mucosa at one point. Note erosion of epithelium 
at juncture of pseudomembrane and mucosa (hematoxylin-eosin, 
x 160). 
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proximately seven weeks after admission, the patient had a myo- 
cardial infarction and died. Postmortem examination revealed a 
normal colon. 

Case 2.—A 78-year-old woman was treated for cellulitis of her 
left leg with orally administered clindamycin for seven days. On 
the fifth day of treatment the patient had the onset of five to six 
loose stools without blood or mucous. Over the next four days, the 
diarrhea increased and became explosive in character, occurring 
nine times per day. Chills, fever, and cramping abdominal pain 
developed. On physical examination the temperature was 40 C 
(104 F); the pulse, 100 beats per minute; and respirations, 16 per 
minute. The abdomen was distended, with diffuse tenderness in 
both lower quadrants. Discrete rebound tenderness was not elic- 
ited. Bowel sounds were hyperactive, and there were no abdomi- 
nal masses, Results of pelvic and rectal examinations were normal 
and the stool guaiac test was negative. 

Results of laboratory studies included a serum potassium value 
of 2.5 mEq/liter; a hemoglobin level of 13.9 gm/100 ml; and a se- 
rum albumin value of 3.3 gm/100 ml. Proctoscopic examination re- 
vealed edematous, friable mucosa with many 5- to 10-mm white 
raised plaques. A biopsy specimen of the rectum was interpreted 
as pseudomembranous colitis. Blood cultures showed no growth. 
An examination of stools showed no ova or parasites, and stool 
cultures failed to reveal Staphylococcus organisms or any other 
pathogens. The patient was treated with discontinuation of clin- 
damycin; intravenously administered fluids; administration of a 
mixture of diphenoxylate and atropine; and careful observation. 
At the end of one week, the patient continued to have more than 
ten loose nonbloody bowel movements per day. The temperature 
remained at 40 C (104 F) and the abdominal distention and bilat- 
eral lower abdominal tenderness increased. Administration of 
dexamethasone, 4 mg intravenously every 12 hours, was started. 
Further blood studies revealed a serum albumin value of 1.4 
gm/100 ml and a potassium value of 2.2 mEq/liter. 

Treatment was continued for an additional three days with vig- 
orous albumin and electrolyte replacement, but the patient contin, 
ued to have fever, abdominal tenderness, and more than ten loose 
bowel movements per day. Her mental status deteriorated ane she 
continued hypoalbuminemic. Surgical consultation concluded that, 
although clindamycin colitis was most likely, an acute surgical 
condition of the abdomen on the basis of vascular insufficiency 
could not be ruled out and that operative intervention, both diag- | 
nostically and therapeutically, was indicated. 

At celiotomy, no evidence for vascular insufficiency was noted 


Drug-Induced Colitis/Tedesco et al 





Add i — eao 
ee 


_ ¢ and the colonic wall appeared thickened without evidence of sero- 


sal inflammation. An end ileostomy was formed to defunctionalize 
the colon. Postoperatively the patient improved and was dis- 
chargeti on the 18th postoperative day, without diarrhea or ab- 
dominal pain and with an increasing serum albumin level. 


COMMENT 


This report emphasizes a clinical presentation of anti- 
biotic-induced pseudomembranous colitis manifested by 
fever, leukocytosis, severe abdominal pain, and diarrhea, 
which on physical examination closely mimics an acute 
surgical condition of the abdomen. 

Nineteen percent of patients with antibiotic-induced 
pseudomembranous colitis had these initial symptoms and 
required that the need for operation be ruled out. Al- 
though in the majority of cases diagnostic celiotomy was 
avoided, it is likely that patients with unrecognized in- 
stances of this entity are being subjected to unnecessary 
operations. Drug-induced pseudomembranous colitis can 


be self-limited when the diagnosis is made early and the 
offending drug is immediately stopped."* If the antibiotic 
is continued in the face of unsuspected pseudomembra- 
nous colitis, the diarrhea may be intractable and se- 
vere electrolyte disturbances and hypoalbuminemia may 
develop. It is in this latter group of patients that high 
morbidity and occasional mortality occur. 

Drug-induced colitis must be an important considera- 
tion in any patient, recently receiving antibiotics, who 
develops fever, abdominal pain, and diarrhea. The diag- 
nosis can be readily substantiated by careful proctoscopic 
examination. Radiology can also be helpful, but usually in 
only far advanced cases.” 


Nonproprietary Names 
and Trademarks of Drugs 


Clindamycin—Cleocin. 
Lincomycin hydrochloride monohydrate—Lincocin. 
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Discussion 


OLE A. Peroso, MD, Albuquerque, NM: I wish to compliment 
Dr. Tedesco and his co-authors on presenting this excellent paper 
clearly elucidating a critical observation; namely, that clindamy- 
cin induced pseudomembranous colitis mimicking an acute condi- 
tion of the abdomen in 20% of cases in this series. Over the past 
several years, as clindamycin has been more liberally prescribed, a 
spate of articles and letters to the editor have appeared document- 
ing the relationship between clindamycin and pseudomembranous 
colitis. A substantial mortality has been noted, usually a result of 
failure to make the proper diagnosis. Most patients are errone- 
ously thought to have ulcerative colitis with acute toxic megacolon 
with possible perforated viscus. Operation seldom improved sur- 
vival in these patients. 

In a collective review in our own community there have been 
three deaths related to clindamycin pseudomembranous colitis. All 
occurred prior to the recent information explosion clarifying this 
problem. It is now becoming obvious that oral, rather than paren- 
teral, administration of clindamycin is more likely to produce 
diarrhea and possible colitis. Onset of symptoms is not clearly 
dose-related. This antibiotic should never be administered to pa- 
tients, with a history of inflammatory bowel disease. Dr. Tedesco, 

„in a prospective study of patients receiving clindamycin, recently 
reported a 21% incidence of diarrhea and a 10% incidence of 
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pseudomembranous colitis, indicating an exceptionally high rate 
of untoward side-effects. Interestingly, the drug manufacturer es- 
timates the incidence of serious colitis to be between one in 50,000 
and one in 100,000 cases. I would like to ask the authors the follow- 
ing questions: 

1. What are their thoughts as to the cause of the plaque forma- 
tion, the bowel edema, and mucosal injury? Does this represent an 
antigen-antibody reaction? Is it an allergic response? 

2. At what point in the treatment of diarrhea and subsequent 
colitis in these patients are antidiarrheal agents such as Lomotil 
and paregoric more a hazard than a benefit? 

3. As for medical treatment, do the authors have a specific 
steroid that they prefer and, if so, at what dosage levels? Are 
steroid enemas also of benefit? 

4. Finally, will concomitant administration of steroids with 
clindamycin sufficiently modify symptoms and bowel changes to 
permit continued drug administration in those patients where 
clindamycin is clearly the drug of choice? 

After reviewing the literature and this paper, I am led to one 
inescapable conclusion: clindamycin is an excellent antibiotic 
when used properly for the most specific indications when other 
antibiotics will not suffice. Used otherwise, unnecessary mortality 
or prolonged morbidity may result. 
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GEORGE E. Brock, MD, Chicago: I rise also to compliment the 
authors on their excellent review, but I differ with them somewhat 
in some of their observations. 

It is important to point out that clindamycin is not the only cul- 
prit in our armamentarium. Practically all of the antibiotics at 
one time or another have been indicted as a causative or contrib- 
uting agent to pseudomembranous colitis. 

Recently, while clindamycin has had the greatest press, partic- 
ularly in the Wall Street Jowrnal, cephalosporin is also known by 
its association either alone or in combination with clindamycin to 
cause this entity. 

It also should be emphasized that the parenteral as well as oral 
administration of the drugs is implicated, and there seems to be a 
much higher incidence of severe complications when the early 
symptoms of diarrhea are treated with antiperistaltic drugs such 
as Lomotil. Whether this is a surface-related phenomenon or not 
remains to be seen. 

My main point of difference with the authors, however, is that 
there are instances in which operation is indicated for these pa- 
tients. This is not necessarily a self-limited lesion. The lesion is an 
ulcerating lesion and can progress to toxic megacolon and perfora- 
tion or hemorrhage just as any other nonspecific colitis can pro- 
gress to toxic megacolon. 

We have recently had two such patients, one of whom required 
operation, although the diagnosis was well established, we knew 
the lesion we were treating, and we gave the appropriate medical 
supportive treatment. This patient progressed to a contaminated 
ascites, hemorrhage, and toxic megacolon with peritonitis that re- 
quired subtotal colectomy. 

I should note that it is now three months after colectomy, and in 
the rectosigmoid stump that remains in the patient ulcerations 
are still present, but healing is occurring. 

A second patient was not operated on, went on to perforation, 
peritonitis, and death. So, while I agree that the overwhelming 
majority of patients can be treated by early withdrawal of the of- 
fending agent and supportive treatment, there are those patients 
with destroyed bowel who will require operation just as in any 
other toxic megacolon. 

Dr. ANDERSON: I should like to thank the discussants for their 
comments. 

To answer Dr. Peloso’s questions, the reason for the occurrence 
of this entity is purely speculative at this time. Direct toxic ef- 
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fects of the antibiotic or its metabolic products and the continued 
irritation of the colonic mucosa via the enterohepatic circulation 
might be causative factors. The altered bowel flora that has been 
demonstrated to be lacking in anaerobes after the oral adminis- 
tration of clindamycin might lead to the overgrowth of other orga- 
nisms. However, we have not found an overgrowth by Staphylo- 
coccus under these circumstances. Another reason could be an 
allergic phenomenon. However, the seriousness of this problem is 
such that we would hesitate to challenge a patient with a second 
course of clindamycin in order to cause recurrence of the lesion. 

With regard to the use of Lomotil, I realize that others have ad- 
vised against the use of this antiperistaltic drug because it may 
lead to a worsening of the situation. This has not been our experi- 
ence. It should be emphasized that the only controlled studies in 
which there was a worsening clinical condition with Lomotil, in- 
volved patients with shigellosis, which is a bacterial infection and 
not a drug toxicity of the colon which clindamycin may represent. 

We have not found steroids to be of substantial benefit in our 
patients with drug-induced pseudomembranous colitis. It would 
be difficult in this series of eight patients with acute conditions of 
the abdomen to say that covering the continued use of clindamy- 
cin with steroids in patients with colitis would be warranted. In 
our experience, orally administered steroids have not been of ben- 
efit, nor have steroid enemas been useful. 

To respond to Dr. Block’s comments, the only way to determine 
the true rate of diarrhea or pseudomembranous colitis is to deter- 
mine the incidence of this entity in a well-controlled prospective 
study. We have prospectively studied 200 patients receiving clin- 
damycin. There is no question that substantial diarrhea of over 
five bowel movements a day has been associated with the adminis- 
tration of this drug in 20% of patients, and in 10% of patients 
pseudomembranes were demonstrated on proctoscopic examina- 
tion. 

I agree with Dr. Block that if the patient fails to improve de- 
spite the discontinuation of the antibiotic, and despite good sup- 
portive treatment, one must look into the problem further. I would 
not suggest that perforation of the colon could never occur, nor 
that one should completely avoid celiotomy in a person who contin- 
ues to deteriorate. We have seen substantial improvement within 
24 to 48 hours after discontinuation of the antibiotic, and we hope 
that this initial period would be long enough to make an intelli- 
gent decision. 
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Secondary Arterial Repair 


The Management of Late Failures in Reconstructive Arterial Surgery 


D. Emerick Szilagyi, MD; Joseph P. Elliott, MD; Roger F. Smith, MD; 


John H. Hageman, MD; Ranjit K. Sood, MD 


The incidence and success of secondary operations after recon- 
structive arterial surgery were studied in a series of 4,247 cases of 
aneurysmal and occlusive arterial disease. Postoperative complica- 
tions requiring secondary operations occurred, in order of frequency, 
as the result of defective healing (including infection), deterioration 
of the arterial implant, and degenerative arterial changes in the site 
of surgical intervention. A large variety of surgical techniques were 
used for correction, such as total replacement, segmental resection 
and replacement, remote bypass, thrombectomy, and partial excision 
and reanastomosis. With the exception of complications due to infec- 
tion, the results of repair were good in 60% to 90% of the various 
categories; only 40% of the infected grafts could be managed with- 
out the loss of life or limb. The results appear to justify the trend 
noted in recent years to a more aggressive use of secondary, salvage 


operations. 


ony repair for the correction of the loss of pa- 
tency, or the threat thereof, after a period of satisfac- 
tory function following a reconstructive arterial oper- 
ation, poses challenging problems. Perhaps because of the 
generally successful character of reconstructive arterial 
operations and the relative scarcity of their correctable 
early and late failures, these problems have not received 
the attention they deserve. The present study was under- 
taken to determine the incidence of such early and late 
failures, and to identify the types of usefulness of the sur- 
gical methods used in their secondary repair observed in 
4,247 cases of vascular reconstructive surgical interven- 
tions performed from Jan 1, 1951, to Dec 31, 1973. We have 
formerly reported’ the statistical aspects of this subject 
for an earlier phase of our clinical experience, and this 
account is meant to be an extension and updating of the 
former study. 


CLINICAL MATERIAL 
Definition of Terms 


A secondary operation is defined as a corrective or preventive 
sergical procedure on that anatomic segment of the arterial tree 
in which a previously performed operation is either about to fail 
or ha? failed. If one defines the term “complication” broadly, the 
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failure of the functional performance of a vascular operation is 
the consequence of some complication and, hence, secondary oper- 
ations can be regarded as the surgery of early and late postopera- 
tive complications. 

It should be stressed that the term “secondary” is not here used 
in the ordinal sense: that is, a surgical procedure cannot properly 
be called secondary merely because it is the second of a series of 
operations on the same patient; the procedure is secondary only if 
it is therapeutically related to a previous intervention and has a 
corrective purpose. 


Classification of Cases 


Early Complications.—Complications that occur before the end of 
the period of the first phase of normal healing of the vascular re- 
construction are regarded as early. The criteria on which the defi- 
nition of “initial phase of healing” is based are obviously arbi- 
trary. The simplest yardstick would be the period required for 
postoperative hospitalization. In clinical practice, this interval is 
determined by factors other than the healing of the actual re- 
constructive vascular procedure for the reason that these factors 
(general physiologic state, lack of organ-fixed complications, and 
the state of healing of the superficial surgical wound) can be easily 
observed and assessed, while the healing process at the site of the 
vascular reconstruction cannot. In a practical sense, however, the 
criteria are valid; at the end of a period of hospitalization that has 
empirically been found adequate for recovery, complications are 
indeed rare, and when they occur they are generically different 
from those seen early in the postoperative period. 

Of the three events that occur in the immediate postoperative 
period and require corrective steps—thrombosis, hemorrhage, and 
infection—only thrombosis and hemorrhage call for surgical inter- 
vention. The treatment of infection in the early postoperative pe- 
riod is essentially nonsurgical; it will not be further considered in 
this study. 

Late Complications.— According to the precepts set down above, 
late complications are those occurring after the patient’s dis- 
charge from the hospital. These complications come about as a re- 
sult of three events: (1) defective healing, (2) deterioration in the 
arterial implant, and (3) degenerative changes of the host artery. 

Defective healing is most commonly manifest in improper in- 
corporation of the suture lines and, more rarely, in sequestration 
of the shaft of the graft, and may lead to the (a) formation of 
false aneurysm, (b) fistulization between the graft or communica- 
tion between the graft bed and an adjacent hollow viscus, or (c) 
encroachment by the arterial implant on a neighboring organ, 
such as the ureter or small bowel, causing symptoms of obstruc- 
tion. Another variety of defective healing is represented by late 
infection or, more precisely, by the late manifestations of oper- 
ative infection. The latter qualification is important since late in- 
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Table 1.—Classification of Reconstructive Arterial 
Operations by Anatomic Area and Operative Technique 






Type of Operation 


Arte- Pros- 
rial thetic Vein 
- Anatomic Allo- Im- Auto- Endarter- 

Area graft plant graft ectomy Total 




















Aortoiliofemoral artery 135 2,022 4 172 2,333 
Femoropopliteal artery 121 475 511 134 1,241 
Carotid artery 2 (0) 4 218 224 
Thoracic aorta 3 27 0 0 30 
innominate artery 3 5 0 11 19 
Renal artery 0 85 63 109 257 
Mesenteric artery 0 20 7 9 36 
Miscellaneous 2 aT: 22 36 107 









Total 266 2,681 611 689 4,247 











~ b sa 


Table 2.—Incidence of Secondary Operations After 
(4,247) Primary Vascular Operations, Including 
Allografts, Multiple Operations, and Referred Cases 


Type of 
Secon- 
dary 

Opera- Aortoilio- Femoro- 
tion femoral popliteal Other 
For early 1.9 5.6 1S 2.9 
compli- (46/2,333) (69/1,241) (9/673) (124/4,247) 
cations 
For late 10.9 13.6 1.5 10.2 
compli- (254/2,333) (169/1,241) (10/673) (433/4,247) 
cations 


Anatomic Area, % * 


Total, % 


12.8 19.2 2.8 13.1 
(300/2,333) (238/1,241) (19/673) (557/4,247) 


* Values are expressed as percentages derived by dividing number 
of secondary operations by number of primary operations. 


Table 3.—Secondary Operations for Early Complications: Incidence by Anatomic Area and 
Primary Technical Procedure 


Primary Technical Procedure, % * 
————————iuoqui§_£_££ 


Prosthetic 
Implant 

1.5 Be. 
(31/2,022) 
3.8 5.2 5.7 
(18/475) 
2.2 1.0 1.0 
(4/184) 


Anatomic Area of 
Primary Operation 


Aortoiliofemoral 


Total Primary Arterial 
Operations Allograft 
2,333 8.1 
(11/135) 
1,241 12.4 
(15/121) 
Other 673 0 
(0/10) 
4,247 9.8 
(26/266) 


Femoropopliteal 


Total 





fection of a graft may occur weeks, months, or years after an op- 
eration that apparently has proceeded to normal healing. Late 
infection may appear as a systemic sepsis without localizing signs, 
or as local suppuration, or as hemorrhage from the suture line. In- 
complete incorporation of the prosthesis caused by accumulation 
of blood or serum in the graft bed is a subvariety of defective 
healing that has little clinical importance unless it has an element 
of infection. 

Deterioration of the arterial implant may occur in two forms. In 
arterial homografts, the changes are truly degenerative (leading 
to tortuosity, aneurysm formation, ulceration, and/or rupture), 
but in synthetic implants they are related to the physical behavior 
of the fabric of the implants and to certain events of the incorpo- 
ration, and in themselves they do not form a part of the true path- 
ological process. The most common examples of these changes are 
pleating or kinking of the shaft of the prosthesis and thrombotic 
layering of the intimal surface manifest angiographically as ir- 
regularities of the contour of the pseudointima. 

Degenerative changes in the host artery occur after any oper- 
ation for the manifestations of atherosclerosis, progressing at 
greatly varying paces. The atherosclerotic degenerative changes 
may at times be accentuated at the site of surgical procedures and 
threaten or cause loss of function. Examples of this event are (a) 
aneurysm formation near the suture line, (b) recurrence of intimal 
atheromatosis in endarterectomized segments, and (c) atheroscle- 
rotic cicatrization of the host artery at the lines of anastomosis. 

The nature and the rate of incidence of the complications and of 
their corrective operations vary in accordance with both the ana- 
tomic area subject to surgical intervention and with the basic type 
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9 
(53/2,681) 


Total Secondary 


Operations 
Endarter- Autogenous 
ectomy Vein No. % 
0 46 1.9 
(4/172) (0/4) 


(7/134) (29/511) 
(4/383) (1/96) 


4.9 
(30/611) 


2:4 
(15/689) 


* Values are expressed as percentages derived by dividing number of secondary operations by number of primary operations. 


of surgical operation used, namely, grafting or endarterectomy. 
Further differences will be caused by the variation of the type of 
grafting material, ie, whether it is biologic or synthetic. 


The Statistical Base of the Study 


The cases of secondary operation on which the statistical analy- 
sis was based were derived from the study of 4,247 reconstructive 
surgical procedures performed between Jan 1, 1951, and Dee 31, 
1973. In Table 1 these cases are classified according to surgical 
technique and anatomic location of the surgical procedures. It 
must be made clear that the figures in this table and in the ones 
following represent surgical procedures and not patients. Ob- 
viously, a patient may have had more than one operation and, 
therefore, the number of patients is smaller than the number of 
operations. Furthermore, the term “case” is used in a double 
sense: it may represent an undefined clinical event related to a pa- 
tient or it may represent an operation. 


Incidence 


The primary and obvious method of classification of the inci- 
dence of secondary operations is the listing of the overall fre- 
quency and the frequency of early and late secondary procedures. 
In addition, however, in order to gain the fund of information nec- 
essary for the recognition of the factors (indispensable to rational 
management) that may lead to postoperative complications and, 
consequently, to the need for secondary arterial repair, we have 
analyzed and tabulated the incidence of secondary operationg in a 
variety of ways allowing specific correlations. Thus, we analyzed . 
and tabulated the clinical incidence, both in the early and in the 
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late cases, according to an anatomic region (aortoiliofemoral and 
femoropopliteal), primary technical procedure (arterial allograft- 
ing, prosthetic replacement or bypass, endarterectomy, and venous 
autografting), and according to type of complication (thrombosis, 
hemorrhage, or infection), and, in late cases, according to type of 
healing complications (false aneurysm, fistulization, encroaching 
by the graft, and late infection), as well as changes in the arterial 
implant or in the host artery. Although highly instructive, these 
tabulations with multivariate correlations cannot be included in 
full because of space restrictions. The fraction of statistical infor- 
mation on incidence indispensable to the presentation of our re- 
port is contained in Tables 2 to 8. 

Table 2 gives the overall crude rates of incidence of the second- 
ary operations according to the chronology of the event that made 
them necessary (ie, according to whether they were early or late) 
and according to their anatomic location. The occurrence of sec- 
ondary operations was lowest (1.3%) in the early postoperative pe- 
riod in anatomic locations other than aortoiliae and femoropopli- 
tgal, and highest (13.6%) in the late postoperative period after 
femoropopliteal operations. On the whole, late secondary oper- 
ation® were nearly three times as frequent as early ones. 

The crude rate of incidence as given in Table 2 correctly reflects 
our total experience, but it is misleading as an index of more re- 
cent clinical events. To gain a more precise expression of the true 
recent and current prevalence of secondary operations and to ob- 
tain a measure of the probability of their occurring in current 
practice, we calculated the corrected incidence by excluding homo- 
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Table 4.—Incidence of Secondary Arterial Operations for Late Complications Due to 
Defective Healing of Reconstruction Site 


Encroachment Total Secondary 
Total False Aneurysm _ Fistulization of Graft Late Infection Operations 
Type of Primary — m OOO 
Operation Operations No. % No % No. vA No. % No. % 
Aortoiliofemoral operations 
Allograft 135 2 1.5 1 0.7 0 0 1 0.7 4 3.0 
Autogenous vein 4 0 0 0 0 0 0 0 0 0 0 
Prosthesis 2,022 120 5.9 8 0.4 3 0.1 24 1.2 155 bay 4 
Endarterectomy 172 0 0 0 0 0 0 0 0 0 0 
Total 2,333 122 5.2 9 0.4 3 0.1 25 1.1 159 6.8 
Femoropopliteal operations 
Allograft 121 2 7 0 0 0 0 0 0 2 1.7 
Autogenous vein 511 5 1.0 0 0 0 0 0 0 5 1.0 
Prosthesis 475 49 10.3 0 0 0 0 10 1.9 59 12.4 
Endarterectomy 134 O 0 0 0 0 0 0 0 0 0 
Total 1,241 3 0 0 0 0 0 5 


Table 5.—Incidence of Secondary Arterial Operations for Late Complications Due to 
Changes in Arterial Implant or Host Artery 


Deterioration Degeneration Total Secondary 

of Implant of Host Artery Operations 
Total Primary EY aR ee pans ee ea ar 

Anatomic Area Primary Operation Operations No. % No. % No. % 

Arterial allograft bypass or replacement 135 8 5.9 1 0.7 9 6.7 

i3 Autogenous vein bypass 4 0 0 0 0 0 0 
eg ee Prosthetic bypass or replacement 2,022 31 1.5 56 2.8 87 4.3 
Endarterectomy 172 0 0 28 16.3 28 16.3 
Total 2,333 39 | I 85 3.6 124 5.3 
Arterial allograft bypass or replacement 121 4 3.3 0 0 4 3.3 
Autogenous vein bypass 511 42 8.2 7 1.4 49 9.6 
pene al Prosthetic bypass or replacement 475 4 0.8 10 2.1 14 2.9 
Endarterectomy 134 0 0 13 9.7 13 9.7 

Total 50 


Type of Complication 





graft procedures and referred cases and by regarding all the sec- 
ondary operations in one case as a single statistical event. The 
corrected rates of incidence were considerably lower in all cate- 
gories: in early cases, 1.2% for aortoiliofemoral and 7.1% for fe- 
moropopliteal operations; in late cases, the figures were 0.8% and 
1.5%, respectively; the figures for overall incidence were 1.9% and 
6.8%, respectively. 

It deserves emphasis that since the number of operations in re- 
gions other than the aortoiliac and femoropopliteal was small (19), 
the data related to these procedures will not be subjected to de- 
tailed analysis, and attention will be focused on the aortoiliae and 
femoropopliteal secondary operations. 

Incidence of Early Secondary Operations.—The most instructive 
correlation in the incidence of early secondary operations is that 
between anatomic region and primary surgical technique, the de- 
tails of which are given in Table 3. In this classification, secondary 
operations were conspicuously more common in femoropopliteal 
cases, particularly in those with arterial allografts (12.4%), and 
were very uncommon in the visceral and carotid areas. In general, 
procedures using allografts were followed far more often by sec- 
ondary procedures (in 9.8% of all such cases) than were any other 
operations. The cases with prostheses called for the least relative 
number of secondary interventions (1.9%). 

Incidence of Late Secondary Operations.—In Table 4, the oper- 
ations to correct the effects of defective healing at the site of re 
construction are listed according to the type of primary technical 
procedure. The important data in this tabulation relate to the be- 
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-Table 6.—Secondary Arterial Operations for Early Complications: Results by Type of Complication 





Anatomic Area 


a IIIIIIlMMMIIIIiiIIIaaaaaaaaaamamamMmMIMMM 
Aortoiliofemorai Femoropopliteal 











of ng ey ry apenas pape N g paa N g 
a a No. No. % No. % No. % No. No. % No. % No. % 
Local thrombosis 15 9 60.0 5 33.3 1 6.7 4e 23 52.3 15 34.1 6 13.6 
Distal thrombosis 9 5 55.6 4 44.4 0 0 1 0 0 1 100.0 0 0 
Hemorrhage 18 7 38.9 11 61.1 0 0 21 6 28.6 11 52.4 4 19.0 
Total 1 27 40.9 10 15.2 





* Bad: amputation or death. 


Table 7.—Secondary Arterial Operations for Late Complications: Results by Type of Complication 


Anatomic Area 


Aortoiliofemoral Femoropopliteal 
ree Maaa 
5 Results, % Results, % 


Complication Bad* 
Defective healing 15 
Deterioration of implant 11 
Degeneration of host artery 21 
Thrombosis (unassigned) 30 
Total 13 


* Bad: amputation or death. 





Table 8.—Secondary Arterial Operations for Late Complications: Types of Repair and Their Results (Aortoiliofemoral) 


Types of Repair 


Partial Results in All 


Excision T of Repai 
Throm- and At acai 


Total ment placement Bypass Ligation bectomy Ligation Good(G) Bad(B)* Same(S) 

Type of Secondary A he, eh, pe, ph, RE RAR Cad BE. BEY a 
Complication Operations G B*S GB*S GB*S GB*S GB*S GB*S_ No. % No % No % 

Aortic 5 000 000 00 000 3 60.0 2 40.0 

P 3 sgt AITSA Iliac 15 000 011 00 000 12800 1 67 
Femoral 102 0:00- 3322 00 101 75 73.5 13 12.8 
Prosthesis, 

infection 25 330 GL. .4 8's 7 28.0 17 68.0 
Prosthesis, 

deterioration 57 000 50 87.7 
Allograft, 

degeneration 22 000 18 81.8 
Endarterectomy, 

recurrent disease 28 0 
Total 254 5 


- * Bad: amputation or death. 


0 25 89.3 
6 190 74.8 


0 
8 


havior of prosthetic implants. Healing complications necessitating dures. Except in cases of aortoiliac endarterectomy and, to a 
secondary operations occurred after 7.7% of the aortoiliac and lesser degree, in autogenous vein bypass, the incidence of these 
12.4% of the femoropopliteal operations using plastic prostheses. changes was low. This is not an unexpected finding, for correc- 
False aneurysm at the suture line of the prosthetic implants was tive secondary operations are usually undertaken only when the 
by far the most common healing defect, accounting for about 70% changes in the implant or host artery have resulted in severe 


of this category of complications. The second most common com- clinical manifestations, or when fairly rapid progression @f the 
plication leading to secondary operation was late infection, with changes is further delineated in serial angiograms, circumstances 
an incidence of 1.1% for the aortoiliac and 0.8% for the femor- that are rather uncommon. This situation, in fact, pertained only 
opopliteal operations. in 5.3% of the aortoiliac and 6.4% of the femoropopliteal cases. The 


In Table 5, deterioration of the arterial implants and the de- prevalence of changes calling for secondary repair in a substantial 
generative changes of the host artery are used as the basis for the number of femoropopliteal autogenous vein grafts is noteworthy, . 
classification of the causes necessitating secondary arterial proce- an observation with which we dealt in detail in another study,’ 
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Table 9.—Secondary Arterial Operations for Late Complications: Types of Repair and Their Results (Femoropdpliteal) 


y = ere ¥ 


Types of Repair 
d Se 
Repair of 
Suture Segmental Recon- Partial Results of All 
or Without and Re- Throm- of Vein and 
Total Patch Graft placement bectomy Graft Bypass Ligation Good(G) Bad(B)* Same(S) 
Type of Secondary ——\—, nis sn to oe eC 
Complication Operations GB*S GB*S GB*S GB*S G B*S GB*S No. % No. % No % 
Prosthesis, Femoral 48 13:3 3 -124 160 000 000 2006 0 1::2;.27 86.2 6125 18 Sie 
false aneurysm | Popliteal 8 000 40 0000 000 200 CI 6 75.0 1 125 1 12.5 
Prosthesis, 
infection 10 000 00 0000 000 000 433 440.0 330.0 3 30.0 
Prosthesis, 
deterioration 12 000 -TE UER e “021 000 600 000 8 66.7 3 250 1 83 
Endarterectomy, 
recurrent disease 13 00-0 .-0;0 +0- 60-0 000 9.22 000 969.2 2 15.4 2 15.4 
Autogenous vein, 
degeneration 54 45 83.3 4 74 5 9.3 


Total 





* Bad: amputation or death. 


TYPES OF SECONDARY OPERATIONS 
AND THEIR RESULTS 


A concise yet comprehensive and clear presentation of 
the types of secondary operations used in this group of pa- 
tients with the results achieved is a difficult task. The 
principal factor that hinders simplicity is the diversity of 
the operative technical procedures that were made neces- 
sary by the widely varying types of operative situations 
that had to be dealt with. Although the fundamental path- 
ologic processes giving rise to the wound or graft compli- 
cations that demanded surgical attention can be grouped 
under relatively few headings, under each heading vari- 
ants of surgical techniques are numerous. Adhering only 
to the most important characteristics that must be in- 
cluded in any acceptably complete classification of the 
results, one must take into account the following deter- 
minants: the anatomic location of the primary and second- 
ary operation (ie, whether it is aortoiliac or femor- 
opopliteal); the type of primary operation (ie, whether it is 
endarterectomy, or replacement, or bypass with arterial 
allograft, prosthetic implant, or autogenous vein graft); 
the broadly designated type of the postoperative compli- 
cation necessitating the secondary operation (ie, whether 
it is thrombosis, hemorrhage, deterioration of the pros- 
thesis, infection of the prosthesis, degeneration of the ar- 
terial allograft or autogenous vein, recurrence in the site 
of endarterectomy, or progression of the disease in the 
host artery); and, finally, the operative procedure used for 
the secondary intervention (ie, to mention only the most 
common ones, replacement of implant, bypass of operative 
sfte, segmental resection and replacement, thrombectomy, 
resutgiring, repair of the suture line, reconstruction of an 
autogenous vein graft, ligation of the graft, or angio- 
plasty of the outflow tract). 

The six most commonly encountered clinical situations 
in which secondary operations had to be performed were 
- (1) degeneration of arterial allograft, (2) false aneurysm 
atea poorly healed site of anastomosis, (3) recurrence of 
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atherosclerotic occlusion of an endarterectemized aorto- 
iliac segment,’ (4) thrombosis of one or both limbs of an 
aortofemoral synthetic bypass, (5) degenerative changes 
in autogenous vein grafts in the femoropopliteal region,* 
and (6) late infection of a synthetic prosthesis.’ Since we 
recently reported in detail our experiences with the prob- 
lems of degenerative changes in autogenous vein grafts’ 
and with the management of late infection of synthetic 
prostheses,’ no further comments will be made on these 
matters beyond the presentation of some basic statistical 
findings. 

The methods of dealing with four of the eommon prob- 
lems mentioned above can be sketched as follows. 


Replacement of Degenerated Arterial Allografts 


This problem is rapidly becoming a historical relic. The 
general use of allografts was discontinued some 18 years 
ago and very few survivors, if any, are left who may still 
face the risk of complications from degenerative changes 
of arterial allografts. It is, of course, a universally shared 
view that when degenerative changes are noted in such a 
graft, replacement of the graft is mandatory.’ In our own 
approach to this problem, we have discarded our early at- 
tempts of removing the allograft and performing a true 
replacement. The currently used technique calls for exci- 
sion of no more of the graft at the suture lines than is nec- 
essary to provide proper sites for the new anastomosis and 
to accommodate the new implant. In the case of a typical 
abdominal aortic allograft, this would mean the removal 
of a segment of 2.5 to 5 cm of the shaft of the graft just 
distal to the proximal anastomosis and a similar segment 
of each limb of the graft if the distal anastomoses were 
placed at the common femoral level; if the distal anasto- 
moses were at the level of the common iliac artery or ex- 
ternal iliac artery, the limbs of the graft are left intact 
and the distal anastomoses of the prosthesis are made 
with the common femoral artery. The main principle of 
the technical method is to reduce the difficult and time-con- 
suming dissection around the allograft to the minimum. 
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Fig 1.—Translumbar aortograms in case of aortoiliac occlusive 
disease treated with aortobifemoral Dacron bypass. Left, Immediate 
postoperative occlusion of left common and deep femoral arteries 
(arrow). Right, Three weeks after left common and deep femoral en- 
darterectomy. Residual intimal disease (or progression of early inti- 


False Aneurysm 

A distinction between true and false aneurysms at the 
suture line of an anastomosis after prosthetic implanta- 
tion is often difficult to make on angiographic grounds 
alone. In either case, however, the decision regarding 
treatment depends principally on the question of stability 
or progressiveness of the aneurysmal change. Whenever 
change in size of the aneurysmal dilation is noted either 
clinically or angiographically, surgical repair becomes 
obligatory. 

The technique of the repair of a true aneurysm at the 
site of an anastomosis depends largely on the inflow and 
outflow characteristics of the case. A number of technical 
procedures, at times complex (a discussion of which is not 
within our scope), must be used to meet the varying cir- 
cumstances. 

The technical approach is much better stabilized in cases 
of false aneurysm, particularly at the level of a common 
femoral anastomosis. In this instance, the most commonly 
used procedure is excision of the aneurysmal sac with 
preservation of the original arteriotomy site, and excision 
of the distal portion of the prosthetic limb with appropri- 
ate replacement of the excised segment (Fig 1). 

A much less frequently employed method of repair of a 
false aneurysm is simple resuturing. This is possible when 
the false aneurysm has been caused by a very small defect 
in the suture line that leaves the original arteriotomy site 
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mal disease) at common-deep femoral arterial junction is most 
common cause of occlusion of limb of bifurcation prosthesis. 
Thrombosis of left limb of graft here was prevented by unusually 
abundant retrograde blood flow (into external iliac watershed). 


and the anastomotic margin of the prosthetic limb mor- 
phologically only slightly altered. In such a cireumstance, 
the prosthesis can be detached, its edge refreshed, and 
then resutured to a carefully trimmed and refreshed arte- 
riotomy site. 


Recurrence of Atherosclerotic Occlusion After 
Aortoiliac Endarterectomy 


As we have pointed out before,’ some degree of athero- 
sclerotic local recurrence after aortoiliac endarterectomy 
is fairly common but, fortunately, the recurrent process 
seldom reaches the stage of serious clinical symptoms. The 
technical problems of repairing this lesion are remarkably 
similar to those encountered in the management of degen- 
erative allografts. The corrective procedure is a bypass 
with a synthetic prosthesis, avoiding extensive dissection 
and leaving the bulk of the occluded arterial segment in 
situ. 


Thrombosis of One or Both Limbs of an S 
Aortofemoral Bypass Prosthesis 


The most common cause for thrombosis of the limb of a 
plastic prosthesis is inadequate outflow (Fig 2 and 3). The 
cause of the stenosis in the region of the ostium of the 
deep femoral artery may be an inadequate endarterec- 
tomy, but more commonly it is the progression or recur- 
rence of the original atherosclerotic process. The tech- 
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Fig 2.—Translumbar aortograms in case of excision and replace- 
ment with Dacron graft of abdominal aortic aneurysm. Left, Bilat- 
eral false aneurysms (arrows) at femoral suture lines six years after 
primary operation. Middle, Seven years after primary operation, in- 


nique of repair used includes the detachment of the 
prosthesis from the previous arteriotomy site in the com- 
mon femoral artery, and the correction of the athero- 
matous intimal thickening in the distal common femoral 
and proximal deep femoral arteries, after appropriate in- 
flow and outflow control. The endarterectomy in the deep 
femoral artery usually has to be closed with a small Da- 
cron fabric patch. After the correction of the outflow prob- 
lem, a segment of the distal portion of the prosthetic im- 
plant is excised and replaced with a fresh segment of 
tubular Dacron fabric. 

Thrombosis of a limb of the aortic prosthesis may, how- 
ever, occur for two other somewhat unusual reasons. 

The prosthetic implant itself may undergo changes, 
principally kinking or pleating of the limbs, which even- 
tually may lead to a layering of thrombi on the pseudointi- 
mal surface and occlusion. In such instances, thrombec- 
tomy is unsuccessful and replacement of the graft is 
mandatory. 

A third possible cause for sudden occlusion of the limb 
of an aortofemoral prosthesis is the dehydration and/or 
hypotension incident on some systemic diseases. Any sys- 
temic physiologic abnormality that causes a continued 
lowering of the blood pressure and dehydration may jeo- 
pardize the patency of these synthetic prostheses. In this 
instance, since the occlusion is purely the result of clotting 
aberration, once the systemic abnormality is corrected the 
clot ean be removed through a simple procedure. The first 
step of this method is an incision into the prosthesis proxi- 
mal to the femoral suture line, after appropriate inflow 
and outflow control has been obtained. The clot is then ex- 
tracted with the help of a balloon catheter and, after thor- 
ough irrigation of the prosthesis, the incision in the fabric 
of the graft is closed. 
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crease in right femoral false aneurysm (arrows) is noted but left 
femoral lesion appears stable. Right, Three weeks after repair of 
right common femoral aneurysm by segmental resection and re- 
placement (arrows). 


Results of Secondary Arterial Operations 

In displaying the results of these operations, it would be 
impractical to set up small groups for the correlation of 
the many factors that interact in the ultimate outcome of 
the surgical correction. A much more instructive method 
of presentation appears to be to group the cases in larger 
units and to illustrate the effect on results of the more im- 
portant factors at play. 

Table 6 displays operations for early complications, 
namely, thrombosis and hemorrhage. The rates of success 
range from 28.6% for hemorrhage in the femoropopliteal 
region to 60.0% in the operations for thrombosis in the 
aortoiliofemoral area. Except for infection, the results in 
late operations (Table 7) are considerably better: the good 
results range from 56% in femoropopliteal cases with de- 
fective healing to 81% in cases with deterioration of the 
implant (notably, autogenous vein grafts). 

The degree of success of specific surgical techniques for 
correcting particular postoperative complications has 
great intrinsic interest. The data in Tables 8 and 9 at- 
tempt to supply this information. In these tabulations, 
only late operations were considered, since the effec- 
tiveness of managing early complications depends pri- 
marily on timing and on systemic physiologic factors, 
rather than on the choice of surgical techniques. The des- 
ignation of the various surgical procedures in the tabula- 
tion is not always as fitting as one might desire; any one 
name may include several variants of the main technique 
to which the descriptive heading refers. Keeping in mind 
these rather minor restrictions, one can judge with rea- 
sonable accuracy the effectiveness of the procedures listed. 

In aortoiliac cases (Table 8), resection of the involved 
segment of the prosthesis for false aneurysm was 
eminently successful, about 75% of the cases achieving 
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Fig 3.—Translumbar aortograms in case of aortobifemoral Da- 
cron bypass for aortoiliac occlusive disease. Left, Ten months after 
primary operation left limb of graft suddenly occluded. Note also 
stenosis of right common femoral artery distal to site of anasto- 


good results. Prostheses with morphologic changes threat- 
ening or causing thrombosis were treated with a success 
rate of 88%, either by replacement or by a bypass. In- 
fected prostheses did quite poorly by any method. En- 
darterectomies with recurrent disease and degenerative 
homografts were very well managed by either replace- 
ment or bypass (with 82% to 89% good results). 

The results of femoropopliteal secondary operations 
were, in general, much less satisfactory (Table 9). The 
only procedure that forms an exception to this observation 
was used in the treatment of degenerative changes in au- 
togenous vein grafts (with a success rate of 83%). 


COMMENTS 
The Cause of Difference Between the Incidence of 
Early and Late Secondary Operations 


The difference in the incidence of secondary operations 
in the early as compared with the late postoperative pe- 
riod, as already pointed out, was striking. The latter out- 
numbered the former by a factor of three or more, and 
this dispairity, as readily seen by a comparison of our cur- 
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mosis and near origin of deep femoral artery (arrow). Right, After 
thrombectomy of left limb of prosthesis with endarterectomy of 
both left and right common and deep femoral arteries. 


rent findings with those in our earlier report, increased 
with the passage of years, that is, with the accumulation 
of experience. This observation is not difficult to explain. 
Immediate postoperative complications that give rise to 
the need for secondary operations are, in essence, the re- 
sult of technical errors that, fortunately, have always had 
a low incidence and have further decreased with the 
growth of operative skills. On the other hand, the causes 
that lead to secondary operations in the late postoperative 
period have little tendency to change. The inherent pro- 
gressive nature of atherosclerosis and the fixed imper- 
fections of surgical methods to deal with its clinical mani- 
festations exert their influence with great constancy. 
Furthermore, and most importantly, as one’ experience 
with secondary arterial operations grows, one’s confidence 
in their use increases since the results are generally good 
and often dramatically impressive. The justification of an 
everwidening employment of salvage operations, as these 
procedures are, that yield satisfactory results is obvieus. 
In_amy“discussion of the frequency of secondary arterial 
repaifs the' fact must be stressed that the rate of incidenee 
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frequency of postoperative complications. Only a rela- 
tively small fraction of all postoperative complications 
(about 35%) are technically suitable for secondary repair. 
Moreover, the criteria of suitability for operative correc- 
tion depend strongly on such widely varying circum- 
stances as technical expertise and the multitude of physi- 
ological factors that determine operative risk. 


The Clinical Significance of the Incidence of 
Secondary Operations 


The overall incidence of secondary operations in the 
cases discussed appears to be quite high (8.6%). It is, there- 
fore, justified to question the ultimate value of the pri- 
mary operations that preceded the secondary repairs. In a 
sense, this question is pointless since the primary oper- 
ations in question are the only effective means of dealing 
with occlusive atherosclerosis, for which the vast majority 
of primary operations were performed. Nevertheless, the 
question has validity if one poses it with the intention of 
seeking improvement in the effectiveness of these oper- 
ations through the reduction of the frequency of second- 
ary operations by preventing the development of the 
causes leading to them. Some of these causes are, unfortu- 
nately, beyond control, namely, the progression of the dis- 
ease in the host artery and certain intrinsic inadequacies 
of the arterial implants now available. Some other causes, 
principally related to the healing of the site of arterial re- 
construction, may be capable of being reduced in impor- 
tance. Indeed, during recent years, through improved 
operative techniques much progress has been made in re- 
spect to the incidence of false aneurysm. The discard of 
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arterial allografts introduced a substantial improvement 
in the overall rate of complications requiring secondary 
operations. Improvements will undoubtedly take place in 
the future, but it is not reasonable to expect a dramatic 
reduction, much less the elimination of the occurrence of 
secondary operations. This imperfection will remain a 
part of the fundamental makeup of vascular reconstruc- 
tive surgery. 

What one can reasonably expect from the future, how- 
ever, is the earlier recognition of late complications and 
thus the application in a larger number of cases of the 
available corrective procedures when they can be effec- 
tively employed. This goal demands rigorous and uninter- 
rupted follow-up observation of patients with reconstruc- 
tive vascular operations. 


This investigation was supported in part by a grant from the Michigan 
Heart Association. 
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Vascular Injuries Associated With 


Fractures of the Femur 


John J. Rosental, MD; Max R. Gaspar, MD; Thor C. Gjerdrum, MD; James Newman, MD 


Over a five-year period, 21 patients were seen with vascular in- 
juries associated with fractures of the femur. In 19, vascular repair 
was performed at the time of the acute injury. The average interval 
from injury to repair was 15 hours. Arterial injuries included tran- 
section, intimal flap, laceration, avulsion, and false aneurysm. End- 
to-end repair was done in 11 cases, and autogenous vein grafting in 
nine. One artery was ligated for false aneurysm. 

In the 19 acute cases, internal fixation was used in eight; this 
method of immobilization resulted in two major amputations and 
three cases of anterior tibial compartment necrosis. Of 11 patients 
who had external immobilization, two eventually required amputa- 
tion because of massive soft tissue injury. 

Internal bone fixation is not necessary for successful vascular re- 
pair and seemed to cause greater limb and tissue loss, probably due 
to prolonged ischemia time. If internal bone fixation is used, the ar- 
tery should be repaired before the bone. 


he treatment of a patient with a fracture and associ- 
ated vascular injury requires close cooperation be- 
tween the vascular surgeon and the orthopedist. Decisions 
have to be made regarding the priority of repair and the 
type of bone stabilization. 

Common clinical practice has been the use of internal 
bone fixation, preferably performed before any vascular 
repair.’* There has been widespread, but unsupported, be- 
lief that without solid fixation of the fracture, the vascular 
repair would be doomed to disruption or thrombosis. 

The experience gained during the Vietnam war in 
treating such injuries without internal fixation®* has led 
to reassessment of treatment in civilian practice.’ Several 
recent articles deal specifically with this problem and sup- 
port the idea of external stabilization of fractures when 
an associated vascular injury is present.*® Experimental 
data support the safety of the use of skeletal traction for 
fracture immobilization when vascular repair has been 
performed.” The present study was done to evaluate the 
use of internal and external immobilization in treating 
fractures of the femur associated with vascular injury. 


SUBJECTS 


In the five-year period between January 1968 and July 1978, 21 
patients were treated at the Los Angeles County-University of 
Southern California Medical Center for fracture of the femur as- 
sociated with a vascular injury. These cases of combined orthope- 
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dic and vascular injury were seen on a busy orthopedic service 
that manages approximately 200 femur fractures each year. In 
our institution, the incidence of vascular injury associated with 
femoral fracture is 2%. 

The records of these 21 patients were studied to determine the 
nature and extent of orthopedic and vascular injury, the method 
of management, and the results of treatment. 

Table 1 lists the descriptive data of injury, treatment, and re- 
sults. The majority of the patients (19) were male, while only two 
were female. Ages ranged from 12 to 51 years, and limbs were 
evenly divided (ten right and 11 left). Six patients had open frac- 
tures from gunshot injury; in the remaining 15 patients with blunt 
injury, nine fractures were open. The nature of the vascular in- 
jury was complete transection in seven patients, contusion and 
thrombosis in six, laceration in four, avulsion in two, and false an- 
eurysm in two. 

Preoperative angiography was performed in 14 of the 21 pa- 
tients; in four cases it was not performed and no record of it was 
made in three cases. Seventeen patients had intraoperative angi- 
ography performed at the completion of the vascular repair. 

The femoral fracture was stabilized by external fixation in 12 
patients utilizing simple suspension in one, and skeletal pins along 
with traction, suspension, or plaster casting in 11. In nine pa- 
tients, internal fixation was achieved with intramedullary rods, 
nails, or compression plates. 


FINDINGS 


In this series of 21 cases of vascular injury associated 
with femoral fracture, 19 of the vascular injuries were rec- 
ognized and treated at the time of admission. In these 
acute cases, the time interval between injury and arterial 
repair ranged from seven to 38 hours, with an average of 
15 hours. 

Arterial repair in the 19 acute cases was accomplished 
by resection and end-to-end anastomosis in 11 and by au- 
togenous vein graft in eight patients. Pedal pulses were 
restored in 17 of the 21 patients, but one of these, case 7 3 
went on to above-knee amputation because of a massive 
degloving injury of the thigh. Pedal pulses were not re- 
stored in the remaining four patients, and a major ampu- 
tation was performed in three. One patient had successful 
restoration of pedal pulses after popliteal artery throm- 
bectomy. 

Internal fixation of the femoral fracture was used in 
nine patients, and in six of these cases bone fixation was ° 
performed prior to vascular repair. In the remainings 12 
patients, some means of external stabilization was used 
and the vascular repair performed first, except in case 8, 
with late popliteal artery false aneurysm. 

Table 2 compares results of internal and external fx- 
ation. Classified as having fair results are those who had 
minor toe amputation, functional disability due to nerve 
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Table 1.—Injury, Treatment, and Results 
Case No./ N ! 
t Age, yr/ Site and Type Treatment of Arterial Repair 
Sex Trauma of Fracture Fracture Arterial Injury Time to Repair Result 

1/16/M Gunshot Distal third, H&Psuspension Through and through, End-to-end repair Minor amputation, 

wound compound proximal one third (101 hr) tips of,toes 
(.38 cali- comminuted of superficial fem- 
ber) oral artery 

2/44/M ‘Blunt Middle third, Intramedullary rod False aneurysm, Ligation of profunda Good 
closed profunda femoris femoris artery 

artery (5 mo) 

3/42/F Blunt Middle third, Compression plate, Intimal flap, super- Resection and end- Below-knee 
comminuted fasciotomy ficial femoral artery to-end anastomosis amputation 

(171% hr) 
4/23/M Gunshot Middle third, Kirschner-wire Popliteal blast injury Autogenous vein graft Below-knee 
wound comminuted traction (12 hr) amputation | 
(.30-06 
caliber) 

5/21/M_ Blunt Distal third, Jewett nail, Popliteal thrombosis Resection and end- Above-knee 4 
compound fasciotomy to-end anastomosis amputation x 
comminuted (1512 hr) 

6/13/M Blunt Middle third, Tibial pins, Intimal flap, super- Autogenous vein graft “Hammer toe” a 
comminuted traction ficial femoral artery (251% hr) due to nerve SS 

injury 

7/33/M Blunt Middle third, Steinmann pins Transected superficial Autogenous vein graft Above-knee > 
comminuted femoral artery (10 hr) amputation 
massive y 
degloving injury i 

8/24/M Gunshot Distal third Tibial pin False aneurysm, Autogenous vein graft Peroneal nerve 4 

wound suspension popliteal artery (8 weeks) palsy due to “| 
false aneurysm j 
9/28/M Blunt Proximal third, Tibial pin Transected superficial End-to-end anastomosis Good ; 
open traction femoral artery (61% hr) j 
10/15/M Blunt Distal third, Steinmann Transected superficial End-to-end anastomosis Anterior com- E. 
comminuted pins femoral artery (1714 hr) partment 
open syndrome { 
11/30/M Blunt Middle third, Compression Intimal flap, popliteal Autogenous vein graft Good k 
compound plate artery (1214 hr) 
comminuted 
12/39/M Blunt Middle third Intramedullary Laceration, super- Resection and end-to- Good F 
rod ficial femoral artery end anastomosis | 
(27 hr) y 
13/29/M Blunt Middle third, Traction Laceration, popliteal End-to-end anastomosis Died fourth E 
comminuted artery (8 hr) postoperative ; 
day of fat 
embolus a 
14/12/M Blunt Middle third Pin and suspension, Contusion and throm- Resection and end-to- Good 
fasciotomy bosis, superficial end anastomosis 
femoral artery (71% hr) | 
15/26/M Blunt Distal third Intramedullary rod, Transected popliteal End-to-end anastomosis Necrosis of i 
fasciotomy arterv (38 hr) anterior com- 
partment ‘ 
muscles 
16/20/M Blunt Middle third Compression plate, Laceration, superficial End-to-end anastomosis Necrosis of y 
fasciotomy femoral artery (18 hr) anterior com- s 
partment A 
muscles 
17/51/M Gunshot Distal third, Tibial pin traction, Transected popliteal Autogenous vein graft Good 
wound comminuted fasciotomy artery (14 hr) 
18/42/M Shotgun Distal third, Tibial pin traction Transected superficial Autogenous vein graft Sciatic nerve 
blast compound femoral artery (9 hr) deficit 
comminuted 
19/24/M Blunt Distal third, Compression plate, Popliteal artery Autogenous vein graft Good 
compound fasciotomy avulsion (11 hr) ‘ 
comminuted 
507 19/F Blunt Distal third Compression plate, Transected superficial Autogenous vein graft Anterior 
fasciotomy femoral artery (21 hr) compartment 
syndrome '| 
21/29/M Shotgun Middle third Femoral pins and Superficial femoral End-to-end anastomosis Good 1 
cast artery penetration (7 hr) l 
‘ 
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injury, and those with causalgia. Three patients who had 


internal bone fixation developed necrosis of the anterior 
compartment muscles, despite the use of fasciotomy in all 
three cases. The one death in the entire series was due to 
fat embolism on the fourth postinjury day in a patient 
(case 13) .with multiple fractures whose vascular and or- 
thopedie problems had been managed satisfactorily. Four 
patients underwent major amputation, two having had in- 
ternal fixation and two external immobilization. 

In the group of 19 acute vascular repairs, five had bone 
fixation (all internal) performed prior to the vascular re- 
pair. Only one of these had a good result; two had a major 
amputation and two had anterior compartment necrosis. 
Of three patients who had internal bone fixation, per- 
formed after the vascular repair, two had a good result 
and one had anterior compartment necrosis. 

Two patients in our series had ized arterial in- 
jury at the time of their femoral fracture, and both devel- 
oped a false aneurysm. One patient, case 2, had sudden on- 
set of pain and swelling in the right thigh five months 
following a midshaft femoral fracture. Physical examina- 
tion was consistent with a false aneurysm, and angiogra- 
phy localized it to the profunda femoris artery. A simple 
ligation of the vessel solved the problem successfully. 

Another patient, case 8, developed peroneal nerve palsy 
eight weeks after a supracondylar femoral fracture from 
a gunshot wound. A pulsatile mass high in the popliteal 
fossa was identified by angiography to be a false aneu- 
rysm. Repair with autogenous vein graft was successful, 
but the patient eventually required a lumbar sympathec- 
tomy because of causalgia. 

COMMENT 

The recognition and immediate direct repair of arterial 
injuries is now the accepted standard of surgical practice. 
The concept of arterial spasm as being responsible for 
limb ischemia is not acceptable, and an arteriogram 
should be obtained when arterial injury is suspected. 
When a fracture complicates the vascular injury, the pres- 
ence of peripheral ischemia may be masked by vasocon- 
strictien and hypotension from blood loss. Vascular injury 
has to be assumed should peripheral pulses not return with 
the resuscitative measures. In all of the 14 cases where 
preoperative angiography was performed, the vascular in- 
jury was demonstrated. Exact localization of the site of 
injury is extremely helpful in cases of segmental fracture 
or in missile injuries where the trajectory is not clear. 

Preservation of a limb is most directly related to the 
success of arterial repair as well as the extent of soft 
tissue injury. The principles of recognition and repair of 
vascular injury have been previously described. ™-"* In ad- 
dition to prompt recognition and arteriography, the vas- 
cular injury must be precisely repaired and patency of the 
arterial tree confirmed by intraoperative completion arte- 
riography. 

There was no limb loss in any of our cases where periph- 
eral pulses were restored. The single exception to this was 
case 7, who had a massive degloving injury of his thigh 
and whose eventual limb loss was due to critical venous 
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Table 2.—Results of Internal and External Fixation 
Results (19 Acute Cases) Internal External 


Good or fair (causalgia, nerve 

injury, minor amputation) 3 8 
stasis. One patient, case 1, was returned to surgery be- 
cause of absent pedal pulses, and a successful popliteal ar- 
tery thrombectomy was performed. There were three pa- 
tients (cases 3, 4, 5) in whom pedal pulses were not 
restored and who went on to have a major amputation. 
Case 4 involves a 23-year-old man who had a high-velocity 
gunshot wound of the lower part of his thigh. There was a 
fracture of the midshaft of the femur as well as a badly 
comminuted fracture of the tibia. The popliteal fossa had 
extensive soft tissue destruction and a 12-cm defect in ar- 
terial continuity. Repair was performed with autogenous 
vein, and the fascial compartments of the leg decom- 
pressed during debridement. These measures were not 
successful, and amputation was performed. 

It is difficult to explain why cases 3 and 5 resulted in 
amputation. Both of these were blunt injuries that pro- 
duced localized arterial disruption, readily repaired by 
resection and end-to-end anastomosis. In both cases, in- 
traoperative completion angiography was performed to 
ensure patency of the vascular repair. Despite these mea- 
sures, as well as fasciotomy, pedal pulses were not re- 
stored and amputation was eventually required. The delay 
between injury and revascularization does not seem to be 
the critical factor in these cases, since the average time 
interval for the entire series was 15 hours, while for the 
four cases with limb loss it was an average of 14 hours. 

The one common factor in cases 3 and 5 was the use of 
internal bone fixation, performed prior to the vascular re- 
pair. In our series, the use of internal bone fixation seems 
to be associated with distinctly poorer results. Two of the 
four major amputations, as well as all three instances of 
anterior compartment muscle necrosis, were seen in pa- 
tients who had internal fixation. When external immobili- 
zation was used, two major amputations were required, 
and in both cases this could be explained on the basis of 
massive soft tissue injury. We have not had any vascular 
disruption from unstable bone fragments or from the use 
of traction. 

We have come to recognize the critical role of adequate 
venous drainage in preventing stasis and tissue necrosis 
following a successful arterial repair, and we believe that 
injury to deep veins should be repaired if at all possible. 
The avoidance of stasis and edema can be quite difficulé in 
the face of multiple fractures and severe soft tissue in- 
jury. The most effective means of aiding venous return is 
marked elevation of the injured extremity. A line drawn 
between the foot and hip should subtend an angle no less 
than 45°, while the knee can remain in slight flexion. The 
limb should be evaluated daily for the status of peripheral 
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pulses, the amount of swelling, tenseness of the fascial 
compartments, muscle function, and changes in neurologic 
statps. Only by such frequent evaluation can changes in 
the vascular status or the development of fascial compart- 
ment compression syndromes be recognized. A subcutane- 
ous fasciotomy may need to be augmented with a dermot- 
omy should circumferential edema become severe." 

The use of encircling casts and lack of adequate eleva- 
tion in the immediate postoperative period can lead to 
critical swelling and irreversible tissue damage. We be- 
lieve that skeletal pin traction offers the greatest versatil- 
ity in managing patients with fractures and vascular in- 
juries. The desired elevation of the injured limb can be 
maintained easily without pressure or contact from 
splints or casts. More important, the entire extremity can 
be inspected easily, and dressing changes, debridement, 


and skin grafting are greatly facilitated-- 


The results in our series do not support the idea that F 


rigid internal bone fixation is necessary for maintaining a 
successful vascular repair. The dissection necessary for 
the insertion of internal fixating devices adds to the soft 
tissue disruption and venous stasis. If the bone fixation is 
performed prior to vascular repair, the period of ische- 
mia of the limb may be critically prolonged. Miller and 
Welch,” as well as Bassett and Silver, have clearly shown 
that the amputation rate is directly related to the period 
of tissue ischemia. 

In combined arterial and bone injury, the repair of the 
vascular injury and the preservation of viable soft tissue 
should take precedence, and in most cases internal fix- 
ation of the fracture would seem unwarranted and un- 
wise. 
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BERNARD W. TuHompson, MD, Little Rock, Ark: Dr. Smith has 
made an important contribution in detailing the failures he has 
encountered after so many vascular reconstructions. We are 
seeing an increasing number of these as time goes by. 

I wish to comment on secondary procedures for delayed throm- 


bosis and, particularly, the value of profundoplasty. 
A male patient returned one year after aortofemoral bypass 


with gangrene of his left fourth toe. Arteriograms showed ste- 


nosis of the right profunda femoris artery and a complete occlu- 
sion of that on the left, although the original graft was still open. 
A left profunda endarterectomy was carried out. The profunda fe- 
moris lumen was enlarged, using an onlay of a saphenous auto- 


He subsequently had amputation of his fourth toe. He is am- 
bulatory, and will soon return for a right profundoplasty because 
of continued claudication on that side. 

A second patient developed severe cramping pain in his left leg 
four months following aortofemoral bypass. Despite femoral pop- 
liteal bypass using a saphenous vein that subsequently clotted, 
gangrene developed and an above-knee amputation was neces- 

. Some six months later severe pain developed in the right leg. 

An arteriogram showed a complete block of the left iliac limb, 
complete occlusion of the right superficial femoral artery, and a 
complete block of the proximal 4 cm of the profunda femoris. We 
again did a profundofemoral endarterectomy, but this time we re- 
corfstructed it using a portion of the patient’s superficial femoral 
artery. This patient is now walking with crutches and doing quite 
well. 


Ț 
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Bartos of Prague in 1971, while performing procedures in the 
aortoiliac segment, noted that arteriosclerotic changes in the deep 
femoral artery were present in 50% of his patients. 

He further stated that the most important cause of early and 
late thrombosis following an aortoiliac reconstruction is stenosis 
or obliteration of the profunda femoris artery. 

I would like to ask Dr. Smith if he is performing or considering 
performing profundoplasty as a secondary or even a primary pro- 
cedure at the time of aortoiliac reconstruction. 

STERLING EDWARDS, MD, Albuquerque, NM: I never cease to ad- 
mire and respect the dedicated follow-up efforts continuously 
made over the years by the group at Henry Ford. I think this is 
probably the largest and most carefully observed series in the 
world, and has been of great benefit to all of us. 

I would like to ask one question. Dr. Smith did not really have 
time to go into detail on the graft deterioration problem in the 
prosthetic grafts, and I would like to hear more about what hap- 
pened to some of the prosthetic grafts. 

In the last two or three years, there have been numerous re- 
ports in the literature describing deterioration of Dacron grafts 
and even fatal ruptures of such grafts ten to 15 years after sur- 
gery. 

In our institution just recently we had such a Dacron graft rup- 
ture ten years after abdominal aneurysm replacement. The tensile 
strength of the fibers had greatly decreased. 

This, to me, is really not surprising because back in 1957, when 
we were using nylon grafts, our animal experiments showed that 
nylon lost about 80% of its tensile strength within a year and Da- 
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cron lost about 10% to 20% of its strength, but that Teflon main- 
tained exactly the same strength years later, after being im- 
planted in the aorta of animals. 

For this reason we switched from nylon to Teflon and have used 
Teflon grafts ever since, and, as far as I am aware, there have 
been no disruptions of Teflon grafts. 

I think itis especially important now to consider the importance 
of the fiber of the grafts that we are using, especially when we are 
operating on younger patients. 

Our early experience revealed that nylon grafts began to dilate 
and rupture in about five to ten years. Now it appears that Dacron 
grafts are beginning to come apart in about ten to 15 years, as we 
anticipated from the late tensile strength studies in animals. 

Tefion has gotten a bad name because it is so inert that some 
surgeons have believed that neointimal lining would not stick to 
the inside of such a graft. The adherence of the internal neointima 
is more a function of the construction of the graft than it is of the 
fiber. Knitted porous grafts have a better, more adherent lining 
than tightly woven grafts. This has been shown in many experi- 
ments, and has nothing to do with the fiber used to make the 
graft. 

The most important characteristic of the graft fiber is the lack 
of any chemical reaction, since any reaction means the graft is 
slowly dissolving in the weak acids of the body fluids. 

I sincerely believe that one problem we can remove, one late 
complication, is dilation or rupture of arterial grafts. This is espe- 
cially important in younger people, such as a young person who 
has a coarctation of the aorta. It would be unwise to implant a Da- 
cron graft in this situation if you anticipated 60 or 70 years sur- 


vival. 


I did enjoy this paper, and I would like to hear about their late 
graft deterioration. 

MERLE M. MussELMAN, MD, Omaha: The excellent presentation 
by Dr. Rosental et al represents a careful analysis by capable in- 
vestigators of their experience with a relatively large group of pa- 
tients. Their observations have great importance and usefulness. 

In way of illustration, the University of Nebraska Hospital has 
an active emergency service including a fair number of patients 
with fractures. Yet in the last 10,000 surgery discharges covering 
over a decade, we have had only one patient with a vascular injury 
associated with a fracture. As reported by the authors, only 0.2% 
of their patients with fracture of a femur have had an associated 
vascular injury. Fortunately, we can borrow from their experi- 
ence. 

Our patient, a 28-year-old man who taught school, was brought 
into the hospital from a motorcycle accident. He had an open frac- 
ture of the left leg. Five days after admission, it was necessary to 
amputate the leg above the knee. In an effort to determine why he 
lost his leg, I have evaluated the treatment of this patient against 
the precepts of the authors. 

1. Was the arterial injury recognized early and confirmed 
by arteriegram? Yes. Within two hours of admission, roentgen- 
ographic examination demonstrated comminuted fractures of the 
proximal part of the tibia and fibula and arteriogram demon- 
strated occlusion of the distal part of the popliteal artery. The an- 
terior tibial artery was patent below the occlusion. 

2. Did the patient receive early treatment with precise repair of 
the artery receiving first priority? Yes. He was operated on within 
six hours of injury. A segment of popliteal artery was bruised, 
thrombosed, and occluded. The segment was excised and replaced 
with a vein graft. Posterior dislocation of the knee joint was 
thought te have been the cause of the arterial injury. 

3. Was the patency of the artery demonstrated by intraopera- 
tive arteriogram and by a palpable pulse? No. No arteriogram was 
done after the repair. The foot was warm, the color was good, cap- 
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illary return was good, but no pulse was palpable. 

4. Was fasciotomy carried out to protect venous return? Yes. 
All compartments were decompressed by extensive fasciotomy. 

5. Were the fractures immobilized externally by skeletal trac- 
tion? No. A cylinder cast was applied to the leg. It was bivalved. 

6. Was the leg elevated to an angle of at least 45°? No. 

The lession I have learned from the greater experience of the 
authors is that their precepts will increase the chance of success, 
and that each precept must be followed insofar as possible. 

In closing, I would ask if the authors use heparin after oper- 
ation. | 

Also, I would ask them to comment on the observations of oth- 
ers, experimental and clinical, that loss of leg or major disability 
of the leg is substantially increased if the interval between injury 
and repair is longer than 12 hours. 

F. WILLIAM BLAISDELL, MD, San Francisco: Dr. Rosental and his 
co-workers made some very important points in their manuscript. 

The first of these was the importance of preoperative arteriog- 
raphy. They emphasize that spasm for all practical purposes does 
not exist and, therefore, when you have evidence of even minor 
vascular impairment, this alone is an indication for arteriography. 
If there is absence of pulses, if you have a penetrating wound, 
which occurs in proximity to vessels, the possibility of injury 
should be considered. The indications for arteriography or direct 
surgical exploration will be contingent on the availability of the 
former. 

They emphasized the importance of operative arteriography, 
carrying it out in 17 of 21 cases at the completion of the vascular 
repair. We concur with them and believe this is an extremely im- 
portant point. 

The presence of pulses is not necessarily an indication that the 
result is adequate. All too often we are surprised by seeing a de- 
fect on the operative arteriogram that can be readily corrected. 

They emphasize the importance of vein integrity, and simulta- 
neous repair of the artery and vein is indicated in these cases in 
which there have been concomitent injuries. Dr. Norman Rich has 
emphasized this for many years, and we agree also. 

The major point I would like to take issue with is the issue of in- 
ternal versus external fixation. 

We have been doing more internal fixation of fractures in our 
environment at San Francisco General Hospital, primarily be- 
cause of the high incidence of respiratory problems in patients, 
particularly those with multiple injuries. I note that the one death 
in the series was said to be due to fat embolism. It was not stated, 
but presumably it was the result of respiratory insufficiency. This 
occurred in a patient who had external fixation. This commits a 
patient to lying flat on his back in bed in traction. 

I took the liberty of taking the authors’ statistics and rearrang- 
ing them in the order of duration of time that passed between in- 
jury and operation, and I can divide their series into three groups. 
The first consists of a group of 11 patients who had definitive vas- 
cular repair carried out within 14 hours of the injury. A second 
group had repair done from 15% to 38 hours of injury, and, finally, 
a third group of repairs carried out two months and five months 
postinjury. 

The last group all had a good result. In the first group of 11 pa- 
tients operated on within 14 hours, I note that 13 out of 14 had ex- ® 
ternal fixation, and one had internal fixation. If we lower the time 
limit from 14 hours to less than ten hours, all of their patients had 
a good result. None of these patients had limb loss. Starting at ten 
hours, there was one above-knee amputation that was said to be 
the result of an extensive soft tissue degloving injury. 

At 12 hours there was one below-knee amputation, and this rèp- 
resented the only bad result or preventable amputation in that en- 
tire group. : 
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Almost all of their bad results occurred in the second group, 
which underwent vascular repair more than 14 hours postinjury. 
In this group were almost all of those patients whose fractures 
wefe treated by internal fixation. I note, going down the list, al- 
most all of these patients had complications. In fact, there was 
only one good result in the second group: a repair carried out at 27 
hours in a patient who received internal fixation. 

It is also possible to conclude that if internal fixation is going to 
be carried out, it should be done following vascular repair. 

The real point is that we should not allow the orthopedist to 
carry out some prolonged procedure, as this will delay vascular re- 
pair and compromise survival of the leg. 

JERRY M. SHuck, MD, Albuquerque, NM: I enjoyed Dr. Rosen- 
tal’s presentation and summary of much information that was in 
the manuscript. 

I would like to make a couple of points that perhaps could em- 
phasize some things that could not be brought out here. Number 
one is the pathologic lesion. 

In looking over our series of blunt extremity trauma with vas- 
cular injury, we found the predominant pathologic lesion was inti- 
mal disruption. 

The point I would like to emphasize is that there is no place for 
simple clot extraction. Often the vessel looks bruised. It seems to 
be intact, and the temptation is to try to pull the clot out. If you 
pull it out without repairing the flap or resecting that portion of 
the vessle, recurrent clot will be the rule. 

The characteristic roentgenographic picture of the lesion is 
abrupt arterial cutoff without hemorrhage. The roentgenogram 
shows a butterfly bone fragment, complete vascular occlusion (to- 
tal cutoff), and no bleeding near the femoral fracture. I also might 
add that I was not aware until I read this paper how rarely vascu- 
lar injuries with femoral fractures are reported. 

The most important arteriogram is the one after the repair has 
been done. 

I appreciate very much the opportunity to discuss this paper, 
and I would like to ask whether any rheologic agents in addition to 
heparin, such as dextran, are being used by the authors. 

Dr. SzıLAGYI: I wish to thank Drs. Thompson and Edwards for 
their comments, which brought into sharper focus some important 
aspects of our subject. 

Dr. Thompson’s reiteration of the importance of deep femoral 
endarterectomy is indeed well justified. Our standard operation 
for the management of aortoiliac occlusive disease is an aortobi- 
femoral Dacron bypass with the distal anastomosis at the common 
femoral artery close to the level of the origin of the deep femoral 
artery. The strongest reason for selecting this technique has been 
that it enables us to investigate directly the extent of the occlusive 
disease at the common femoral and deep femoral junction, and to 
correct it when necessary with a careful and thorough endarterec- 
tomy. The importance of this clinical step cannot be overstated. 
We have used it now for about 15 years and, therefore, it has 
seemed rather amazing to observe recently the great excitement 
about “profundoplasty” as some sort of a novel operative proce- 
dure that is a panacea for all the occlusive arterial problems of the 
lower limb. 

Dr. Edwards brought up the problem of the degree of useful- 
ness of various synthetic materials as arterial substitutes. This is 
a complex matter for the meaningful discussion of which we ob- 
vi8usly have no time. Teflon has some very attractive qualities 
but, because of its great chemical inertness, it does not excite suf- 
ficient tissue reaction for the formation of a good connective tis- 
sue ingrowth into its fabric. This ingrowth of tissue, the so-called 
process of incorporation, of a porous plastic prosthesis does in fact 
depend both on the method of fabrication and on the clinical char- 

eacteristics of the synthetic fiber. Teflon is also difficult to handle: it 
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does not take a crimp and it cannot be elasticized. The use of a 


tightly woven Teflon graft in the thoracic aorta where the com- 
pleteness of incorporation is of little importance may be justified, — 





but in the distal segments of the arterial tree I find no role for it. — 


On the other hand, Dacron has just about the optimal combination 
of tissue reactivity and durability now available. We have very 


extensive data on late tissue behavior of the Dacron prostheses: 


we have recovered from human and animal subjects and studied 


literally hundreds of these implants. In terms of ten to 14 years of 


implantation, Dacron implants lose no detectabie fraction of their 


original tensile strength. The tensile strength is around 4,921 — 


gm/sq cm, and it remains virtually unaltered up to 14 years. In 
my opinion, the aneurysmal complication of Dacron graft Dr. Ed- 
wards mentioned must be due to errors of fabrication. Unfortu- 


nately, there are products on the market in the manufacture of - 


which the quality control is questionable. 

Time does not allow us to make comments on the degenerative 
changes we observed in autogenous vein grafts. I must refer you 
to our recent publication that deals with the problem. 

Before leaving the podium I wish to say a word about the paper 
by Dr. Rosental and his associates. I fully agree with Dr. Blais- 
dell’s analysis of the data presented by the authors. It is impor- 
tant to remember, by the way, that one must be extremely careful 


when one attempts to draw conclusions regarding the superiority — 


of one form of treatment as compared to another when the clinical 
material is meager, the factors influencing the results are numer- 
ous, there are no statistical controls, and the analysis is retrospec- 
tive. 

Dr. GASPAR: I appreciate the discussions of Drs. Musselman, 
Blaisdell, and Shuck. 


Dr. Musselman, the incidence of arterial injury in femoral frac- 


tures is 2%, not 0.2%. Our orthopedic service sees about 200 fem- $ 
oral fractures per year, roughly a thousand in the five-year period 


of this study. There were 21 arterial injuries. 
We use heparin only during the operation and not afterward be- 


cause of the usual massive soft tissue destruction. Dr. Shuck, we _ 


have not used dextran routinely, but I have no strong objection to 
it. Dr. Blaisdell analyzed our series very well, and I believe he an- 
swered the question concerning the greater disability with a 
greater interval between injury and repair. This has been borne 
out by two series, one by Miller and Welch and another by Jahnke. 


Several years ago we published principles of treatment in vas- — i 


cular trauma. These are prompt recognition, prompt arteriogra- 


phy, rejection of the diagnosis of arterial spasm, prompt and 


precise repair, proximal and distal thrombectemy, completion ar- 
teriography, and prompt reoperation when necessary. 

When it appears that an injured vessel is in spasm, there is usu- 
ally a contusion and an intimal flap that must be corrected. 

In regard to the problem of internal fixation versus external 
fixation, Connolly, an orthopedist, has written two excellent ar- 


ticles about this, and he was able to show ne real advantage to — | 
using internal fixation when there is arterial trauma. Our problem 


is that these patients often come into the Los Angeles County- 
USC Medical Center rather late, and it is sometimes difficult to 
get them to the operating room promptly. They are usually oper- 
ated on by an orthopedic resident and a surgical resident and, if 


many hours are taken in putting in an internal fixation device and $ 


more soft tissue trauma results, we are apt to lose the extremity. 
We believe that it is best to go immediately to the repair of the 
artery and not necessarily abandon internal fixation but to 
strongly consider external fixation. 
This is a complete reversal of opinion. We used to say, “Fix the 
bone first and the artery second and use internal fixation.” Now 
we are saying just the opposite. 
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Pseudocysts of the Pancreas 


Review of 71 Cases 


Jonathan A. van Heerden, MB, ChB, FRCS (C), MS (Surg), 
William H. ReMine, MD, MS (Surg), DSc 


During the period of 1962 to 1972, 71 patients underwent surgical 
treatment of pancreatic pseudocysts. Internal drainage was per- 
formed in 73% of these patients in comparison to only 20% in a 
series during the previous decade. From an analysis of results, it 
would appear that the treatment of choice is internal drainage via ei- 
ther cystogastrostomy or cystojejunostomy. 

Postoperative bleeding and sepsis were of negligible consequence. 
An unexpected finding was that the long-term results of these pa- 
tients seemed to be better than those of patients with pancreatitis in 
whom pseudocysts did not develop. 


ystic lesions of the pancreas are relatively uncom- 
mon. Because of this, they are frequently not diag- 
nosed prior to operation. Generally speaking, they may be 
classified as follows: (1) congenital and developmental, (2) 
retention, (3) pseudocysts, (4) neoplastic, and (5) parasitic. 


_ The parasitic are extremely rare. 


The pseudocyst is the most common cyst-like lesion 
found in the pancreas. As the name indicates, it is not a 
true cyst since it does not have a true cystic wall or any 
epithelia! lining. Often pseudocysts arise adjacent to the 
pancreas and are made up of peripancreatic collections 
surrounded by a wall of fibrinous tissue that is intimately 
adherent to all surrounding structures. 

Etiologically, pseudocysts of the pancreas are of inter- 
est. They may result from blood (extravasation), tissue 
juices, or pancreatic juices secondary to trauma, or they 
may be the result of solitary or repeated attacks of acute 
pancreatitis or chronic recurrent pancreatitis. Pancre- 
atitis is a more frequent cause than trauma, although 
traumatie pancreatitis is increasing in incidence as a re- 
sult of the growing number of high-speed vehicles. Dis- 
ease of the biliary tract also may be a precipitating factor. 

These tumors may occur in any portion of the pancreas 
from the tail to the head. Presentation may be behind the 
stomach, through the gastrohepatic or gastrocolic omen- 
tum, posteromedial to the second portion of the duode- 
num, near the hilus of the spleen, or in the left upper 
quadrant of the abdomen, displacing the proximal portion 
of the stomach medially. Rarely, they have been found in 
the lower part of the abdomen, pressing down through the 
transverse mesocolon. If embedded in the pancreas, 
pseudocysts may not be noticed on initial inspection of the 
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Before operation. 


Fig 1.—Huge pancreatic pseudocyst. Left, 
Right, After operation. 
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Fig 2.—Series of upper part of gastrointestinal tract showing large 
pancreatic pseudocyst. 
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Fig 3.—Upper part of gastrointestinal tract region showing widen- 
ing of duodenal loop. 


pancreatic region; in such instances, their presence must 
be detected by aspiration. 

Pseudocysts are usually unilocular but occasionally they 
may be multilocular, somewhat irregular in shape, and 
fluctuant. No lines of cleavage exist between the 
pseudocyst and the adjacent viscera, and considerable in- 
flammatory reaction commonly surrounds the lesion. 

The contents of these lesions may vary widely from al- 
most colorless or turbid fluid to brownish thick fluid con- 
taining debris of pancreatic digestion, inflammatory exu- 
date, and blood. Enzyme activity may or may not be 
demonstrated in the fluid, which may vary in amount 
from 30 ml to several liters. After the fluid has been aspi- 
rated from the cavity, a fair amount of grumous mud-like 
material may remain and the interior is often crisscrossed 
with irregular elevations or indentations. 

A mass developing in the left upper quadrant after 
trauma, pancreatitis, or disease of the biliary tract is 
highly suggestive of a pseudocyst. Such a diagnosis should 
be considered in the differential diagnosis of a rounded 
mass in the left upper quadrant of the abdomen. 

The associated symptoms of pancreatitis are the find- 
ings most commonly noted. There will be persistent dull 
aching pain in the upper part of the abdomen, often ex- 
tending to the back. At times pain may be acute. Anorexia 
and loss of weight are common, and low-grade fever is to 
be expected; chills and spiking fever also may develop. 
Jaundice is present in slightly more than 10% of patients 
with lesions in the head of the pancreas. 

Roentgenographic examination is the most valuable 
diagnostic aid. Evidence of a soft tissue mass may be ap- 
parent on a roentgenogram of the abdomen, and barium 
may indicate displacement of adjacent structures second- 
ary to the mass. Calcification may be noted in the pancre- 
atic area. 

The cyst may rupture into adjacent organs, usually the 


at Arch Surg/Vol 110, May 1975 


WA “de 


colon or stomach. Rupture into the left. pleural space oc- 
curs, but is rare. Secondary infection with hemorrhage 
into the pseudocyst may occur and, if it does, the progno- 
sis is extremely poor. 

Therefore, the outpouring of pancreatic secretions, 
blood, and serum into the anatomic confines of the lesser 
sac sets the milieu for the formation of the most common 
cyst of the pancreas, the pancreatic pseudocyst. The cause 
of pancreatic pseudocysts is well recognized and the diag- 
nosis thereof is relatively easy (Fig 1 through 3). Many 
surgical procedures exist for the treatment of this condi- 
tion though, bespeaking dissatisfaction with any single 
operative procedure. In an attempt to shed further light 
on surgical progress in the management of pancreatic 
pseudocysts, we have reviewed our experience for the 
years 1962 through 1972. During this period, 71 patients 
underwent surgical exploration for treatment of a pancre- 
atic pseudocyst. 


CLINICAL FEATURES 
Age and Sex Distribution 


Forty-six patients were males and 25 were females. The respec- 
tive average ages were 47.4 and 44.0 years. 


Presenting Complaints and Etiologic Factors 


Epigastric pain or fullness was by far the most common com- 
plaint (45 patients, 63.4%), with the presence of an epigastric mass 
ranking next (13 patients). A combination of pain and a mass in 
the epigastrium was the next most common finding (five patients). 
Others included loss of weight (two patients), gastrointestinal 
tract bleeding (one patient), pleural effusion (one patient), and 
miscellaneous (four patients). 

Biliary tract disease (24 patients, 33.8%), alcoholic pancreatitis 
(ten patients), penetrating duodenal ulcer and/or trauma (11 pa- 
tients) were the most frequent etiologic factors. Three patients 
had steroid pancreatitis, one had xanthomatosis, and in 22 pa- 
tients the etiologic factors were unknown. 


Surgical Treatment 


The type of procedure performed was dictated by (1) the timing 
of surgical intervention, ie, the interval since the original insult; 
(2) the anatomic relationship of the pseudocyst, particularly its re- 
lationship to the stomach, duodenum, jejunum, or tail of the 
pancreas; and (3) the consistency (quality) of the wall of 
the pseudocyst. The types of procedures performed are listed in 
Table 1. 


FOLLOW-UP 


Three of our patients were lost to follow-up, which 
ranged from one to 12 years. Two patients died in the im- 
mediate postoperative period for an operative mortality 
of 2.8%. Both deaths were due primarily to postoperative 
sepsis; one followed external drainage and one a cys- 
togastrostomy. Overall, excellent results were obtained in 
57 of 66 patients (86.4%), while the results in nine patients 
(13.6%) were classified as poor. All nine patients had fur- 
ther episodes of pancreatitis, and five of them died later 
as a direct consequence of pancreatitis. 

Isolated esophageal varices (sinistral portal hyperten- 
sion) as a consequence of portal vein thrombosis developed 
subsequently in one patient in the Roux-en-Y group. He 
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Table 1.—Surgieal Treatment of Pancreatic Pseudocysts 
and Results (71 Patients) 


















No. of Operative Excellent 

















Operation Patients Mortality, No. Results, % 
Cystogastrostomy 32 (45.1%) 1 (Sepsis) 
Cystojejunostomy 

(Roux-en-Y) 16 0 Jo 
Resection 10 0 70.0 
External drainage 9 1 (Sepsis) 77.8 
Cystojejunostomy 

(side-to-side) 2 0 NS* 
Cystoduodenostomy 





* Not statistically significant. 


has had one episode of minor bleeding from these varices 
and is doing well 3% years after his original operation. 
Two other patients in the Roux-en-Y group required fur- 
ther operation for recurrent pseudocysts. One required 
subtotal pancreatectomy and the other a new Roux-en-Y 
anastomosis. The latter patient died four days after this 
procedure. Hemorrhage after operation occurred in only 
one patient in this series (1.4%), a 19-year-old girl who had 
undergone cystogastrostomy for a traumatic pseudocyst. 
A tube had been left through the anastomosis of the 
pseudocyst for postoperative suction decompression of the 
cavity. The follow-up data are summarized in Table 1. 


COMMENT 


Pseudocysts account for approximately 75% of all cystic 
lesions of the pancreas. Another more detailed classifica- 
tion of these lesions is seen in Table 2 as modified from 
Silen’: and Maingot.? 

The outpouring of pancreatic secretions and so forth 
into the lesser sac may lead to one of these entities: (1) 
lesser sac phlegmon, (2) lesser sac abscess, or (3) pancre- 
atic pseudocyst. 

The diagnosis of these lesions with their respective, 
somewhat typical courses is fairly easy but has become 
more refined and highly accurate with the advent of ul- 
trasound retrograde pancreatography and angiography 
(Fig 4 and 5). We are in the process of evaluating the for- 
mer diagnostic modality at the time of this writing and do 
not wish to dwell on the diagnostic aspeets of this entity. 

Any surgical discussion on pancreatic pseudocysts has 
centered essentially around the following points of de- 
bate: 

1. Treatment of the Inciting Pathologic Cause.—This fac- 
tor causes little, if any, argument. The treatment of bili- 
ary tract disease, the cessation of excessive alcoholic in- 
take, the avoidance of drugs, such as steroids, and the 
treatment of hypercalcemia are essential. 

2. Do Pseudocysts Resolve Spontaneously?—No doubt re- 
mains that resolution does occur; in fact, the smaller the 
pseudocyst, the more likely it is to resolve. Resolution may 
occur by one of the following mechanisms: (1) transductal 
drainage, (2) rupture into the intestine, or (3) spontaneous 
resolution. 

A more common cause for resolution, however, is the 
inability ef the physician to distinguish between a 
pseudocyst and a phlegmon, which is also another reason 
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Fig 4.—Ultrasound of pancreatic pseudocyst showing cystic 
space. 
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Fig 5.—Retrograde pancreatogram showing leakage (arrow) into 
pancreatic pseudocyst. 
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for not operating on “acute pseudocysts.”* One wonders, 
though, whether there is ever spontaneous resolution of a 
fibrous-walled pseudocyst. 

Ultrasound may well be an enabling factor in the scien- 
tific verification of such resolution, as recent reports tend 
to indicate.‘ 

3. When Is the Correct Time to Operate?—In our opinion, 
the longer one can safely wait, the easier the operatioh 
should be. Careful surgical judgment is of prime impor- 
tance. This waiting time allows for resolution of the mass 
or for better consolidation of the wall of the cyst, thus fa- 
cilitating any form of anastomosis. At the same time, à 
stubborn attitude of “waiting for six to eight weeks” in 
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Fig 6.—Roux-en-Y cystojejunostomy. 
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Fig 7.—Technique of cystogastrostomy. 


"the face of sepsis, toxicity, and deterioration is unwar- 
rated and unwise. Constant observation is most impor- 
tant for the successful outcome of these patients. 

4. Which Is the Best Surgical Procedure?—Le Dentu, in 
1865, was first to make a surgical “attack” on a pancreatic 
pséudocyst, while the first transgastric drainage proce- 
dure was performed in 1931 by Jurasz.° Although consid- 
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Fig 9.—Barium study after cystogastrostomy showing absence of 
reflux. 


Table 2.—Cystic Lesions of the Pancreas 


Cystic Lesions 


po 
True False 


Acquired 
Retention 
Parasitic 
Neoplastic 
Cystadenoma 
Cystadenocarcinoma 


Pseudocysts 


Postinflammatory 
Posttraumatic 
Secondary to car- 
cinoma 
Idiopathic 


Congenital 


Single 

Polycystic 

Dermoid 
Fibrocystic disease 


erable advances have developed since these pioneering ef- 
forts, controversy still exists. We think that if the 
anterior wall of the pseudocyst is firmly attached to 
the posterior wall of the stomach, transgastric cys- 
togastrostomy is the procedure of choice. Our results in 
the series we are reporting would support this contention. 
If the pseudocyst is not adherent to any structure with 
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; _ sufficient density, then cystojejunostomy (Fig 6) with 


__ Roux-en-Y anastomosis would be our procedure of choice. 

_ Generally speaking, our approach is that of anastomosing 
a the pseudocyst to the nearest adjacent portion of the up- 
= per part of the gastrointestinal tract to which it may be 
_ adherent (Fig 7). Our technique for cystogastrostomy con- 
= sists of creating a longitudinal defect 6 to 8 em in length 
~ with the excision of an ellipse of tissue, using electrocau- 
= tery to minimize bleeding. We then use a circumferential 
_ rumning suture of 3-0 suture material. 
E 5. Bleeding Is a Common Occurrence After Cys- 
__ togastrostomy.—This unsubstantiated idea has crept into 
~ and persisted in the literature. Hutson et al’ stated that 
= bleeding may occur in as many as 50% of the patients. We 
= have not found this to be true in our present series (inci- 
_ dence of 1.8%) or in an earlier series reported from this 
clinic. Bleeding may come from the wall of the pseudocyst 
or from the anastomosis between the stomach and the 
cyst. We believe that a running circumferential suture has 
obviated bleeding. At the same time, we have desisted 
_ from, and would discourage, the passage of a nasogastric 
~ tube or any other device through the cystogastrostomy 
into the cavity for decompression. This practice may cause 
a pressure-type anastomotic hemorrhage or it may cause 
erosion into a major posterior vessel. In addition, we 
_ would encourage that no attempt be made to “clean out” 
_ the pseudocyst with sponges, scoops, probes, or forceps. 
i _ The lining of these pseudocysts (Fig 8) is often friable and 
_ the lesions are immediately adjacent to large vascular 
~ structures and, therefore, should not be disturbed. 
6. Cystogastrostomy Will Cause Gastric Cyst Reflux.— 
-That such reflux does occur is undoubtedly true, although 
~ the frequency is unknown. Warren et al,’ in a neatly de- 
~ signed set of experiments, thought reflux from the gastric 
lumen was more likely to occur (1) if the incision in the 
_ gastric wall was long (6.5 cm or longer), (2) when an el- 
___ lipse of tissue was excised, or (3) when the cut edges were 
= encireled by sutures. 

= We routinely commit the latter two “sins” and have not 
_ been impressed with any untoward effects of this reflux. 
__ We have been impressed, however, with the rapid subsi- 
_ dence of these pseudocysts subsequent to decompression. 
__ This in itself may be the main cause for the low incidence 
| of reflux problems. In a recent patient, we could find no 
evidence of reflux on an upper gastrointestinal tract 
_ roentgenogram done as early as the third and tenth days 
. after operation (Fig 9). Intra-abdominal pressure should 
keep the cavity compressed. 

= 7. What About Sphincterotomy?—No surgeon has had 
vast experience with this procedure at the time of treat- 
ing a pseudocyst. We have not been enthusiastic about 
_ this procedure, even in the absence of a pseudocyst; how- 
ever, with the advent of retrograde pancreatography, our 
_ thoughts abeut this may change. 

= 8. Definitive Treatment of Chronic Pancreatitis.—In most 
instances there is little, if any, argument that definitive 
~ Measures should be deferred at the time of treatment of a 
_ pseudocyst. A pancreatic drainage procedure or a radical 
_ pancreatic resection might be hazardous and plagued with 
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9. Why Do Pseudocysts Enlarge?—We have all encoun- 
tered enlargement of a pseudocyst during the period of 
“waiting and maturation.” The factors responsible for 
this development are probably a combination of contin- 


uing pancreatitis with leakage, hemorrhage, osmotic in- _ 


flux (similar to chronic subdural hematoma), and infec- 
tion. Increasing size is an indication for surgical 
intervention. 

10. What Are the Long-Term Results of Internal Drain- 
age?—As Warshaw? has stated, we too have been im- 
pressed with the rapid subsidence of these pseudocysts. In 
fact, the connection with the stomach often has dis- 
appeared by the time reexploration is carried out at a 
later date. We have followed up the condition of cys- 
togastrostomy patients for an average of 5.2 years and 
the Roux-en-Y cystojejunostomy patients for an average 
of 7.8 years and have not been impressed with any un- 
toward sequels of internal drainage. We have wondered 
about the natural history of pancreatitis in patients in 
whom pseudocysts develop. Is the pseudocyst only one epi- 
sode in the ongoing saga of pancreatitis, or does the devel- 
opment thereof, in some unexplained way, alter the antic- 
ipated course of the disease? In an attempt to answer 
these questions, we decided to evaluate carefully those pa- 
tients whose condition had been followed up for more than 
five years after surgical treatment for a pancreatic 
pseudocyst. Twenty-three such patients were available for 
study. They were evaluated as to the presence of recurrent 
attacks of pancreatitis, the need for reoperation for pan- 
creatitis or its sequels, the presence of diabetes mellitus, 
and the presence or absence of symptoms referable to 
pancreatitis. The findings were somewhat unexpected: re- 
current attacks, three (13%); reoperation, one (4.3%); dia- 
betes mellitus, four (17.4%); and symptoms, 0. The immedi- 
ate effectiveness of internal drainage in the management 
of pseudocysts is easily understood. That it should prove to 
be definitive treatment for chronic pancreatitis is sur- 
prising particularly in light of (1) roentgenographic and 
operative observations concerning the transient nature of 
internal drainage and (2) the comparative role of paren- 
chymal versus ductal factors in the cause of pancreatitis. 
The question arises, is the pancreatic pseudocyst thus, in 
some unexplained manner, an “outlet” from pancreatitis? 

11. What Are the Complications of Pseudocysts?—Lest 
one be lulled into a false sense of complacency, it is worth- 
while to keep in mind the long list of complications that 
are attributable to pancreatic pseudocysts. These include 
(1) obstruction of the biliary tract or duodenum, (2) inter- 
nal or external fistula, (3) hemorrhage and perforation, (4) 
pancreatic ascites, (5) thrombosis of the splenic vein with 
isolated portal hypertension, (6) thrombosis of the por®al 
vein with extrahepatic portal hypertension, and (7) sec- 
ondary infection with formation of abscess. 


CONCLUSIONS >. 
From the foregoing it is evident to us that a trend is 
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being established. The diagnosis of pseudocysts is becom- 


ing steadily more accurate and, therefore, the surgical 
treatment is becoming more refined. Internal drainage is 
replacing external drainage or marsupialization and the 
results are excellent. In our previous report,’ only 20% of 
the patients underwent internal drainage in comparison 
to 73% in the present series. The disadvantages raised 
about cystogastrostomy may not be real and, therefore, 
this operation continues to be our procedure of choice. 
Those patients with pancreatitis in whom pseudocysts de- 
velop seem to have a more benign course than do those pa- 
tients with pancreatitis without pseudocysts. 

Pseudocysts of the pancreas are fascinating and chal- 
lenging, and “they are the perpetrators of great mischief 
beyond causing pain and fever.” 
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Discussion 


ROBERT J. BAKER, MD, Chicago: I would like to congratulate 
Drs. van Heerden and ReMine for their very interesting and 
highly discerning discussion of this very difficult problem. 

I am somewhat at a loss to explain why the results in patients 
who had Roux-en-Y drainage of their pseudocyst were somewhat 
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inferior to those of the cystogastrostomy group. Our own experi- — 
ence has been that, although the operatidn is technically some- _ 


what more demanding and, of course, slightly longer, the result 
achieved by either form of internal drainage is essentially the 
same. 

In those patients who have a pseudocyst in the head of the pan- 
creas or those in whom the pseudocyst is not adjacent to the stom- 
ach, cystogastrostomy should never be attempted; for those pa- 
tients the operation of Roux-en-Y cystojejunostomy is employed. 
Otherwise, cystogastrostomy is preferable. External drainage has 


essentially been abandoned in all instances in which any type of 


internal drainage is appropriate. 

I would like to raise only two other minor issues with the au- 
thors. The first is to ask them if there is some possible explanation 
for the curative nature of the procedure in terms of the under- 
lying pancreatitis in patients who have cystogastrostomy. We 
have had several patients who have returned much later with re- 
current chronic attacks or relapse of their pancreatitis who have 
not developed another pseudocyst but have developed other severe 
sequels of the pancreatitic process, especially pancreatic abscess. 

The other interesting facet of this problem bears on the prob- 
lem of bleeding. Almost all surgeons who have used cysto- 
gastrostomy extensively have not had the difficulties with bleed- 
ing that had originally been reported, provided that meticulous 
hemostasia is obtained with a running locked silk suture around 
the margin of the cystogastrostomy, incorporating both stomach 
and cyst wall in the suture bites. 

Dr. VAN HEERDEN: We thank Dr. Baker for his comments. As he 
stated, the Roux-en-Y is a more difficult technical anastomosis 
and, in addition, the Roux-en-Y anastomosis is not protected, as is 
the cystogastrostomy, by the surrounding inflammatory reaction. 

As we stated in our presentation, we had not been impressed 
with patients returning with recurrent problems after internal 
drainage of the pseudocyst. We were most interested in this, but 
we certainly do not understand why these people seem to have a 
better course than do the run-of-the-mill patients with pancre- 
atitis in whom pseudocysts do not develop. So, perhaps one might 
raise the question that if you are going to develop pancreatitis, 
would it be better if you developed a pseudocyst? 

We would certainly concur with Dr. Baker that we have been 
most unimpressed with bleeding as a common postoperative com- 
plication. We saw this in only one patient in our series of 71 pa- 
tients, and this was in an instance in which a tube was left in for 
decompression, and we cannot help wondering what role the tube 
played. 
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Further Evaluation of 
Total Pancreatectomy 
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Michael B. Pliam, MD, PhD, William H. ReMine, MD, MS (Surg), DSc 


The results of 64 total pancreatectomies performed at the Mayo 
Clinic between 1942 and 1973 have been reviewed. Improvement in 
recent results as compared to the previously reported series is proba- 
bly related to improvements in operative techniques and in selection 
of patients with more favorable malignant lesions. The recent results 
are more favorable than those reported for a group of comparable 
patients undergoing standard Whipple procedures for malignant le- 
sions at this institution. 

Diabetes was easily managed in 76% of patients. Hypoglycemia 
due to insulin sensitivity is the major problem, and ketoacidosis sel- 
dom occurs. Recognition of this has resulted in better management 
of diabetes with relatively small doses of insulin. The sequels of 
long-standing diabetes do not appear to be a problem. Gastrointesti- 
nal tract hemorrhage has been greatly decreased through the use of 
more extensive gastric resection. 


heoretically, total pancreatectomy should improve the 
results of surgical treatment of carcinoma of the 
pancreas.’ The tumor may be disseminated by transec- 
tion of the pancreatic duct,’* the lesion may be multifo- 
eal,‘ and the actual extent of the tumor may be difficult to 
determine grossly at operation.’ Leakage at the pancre- 
aticojejunostomy has been said to account for about 30% 
of the operative mortality.** Leaving behind the spleen 
and the tail of the pancreas may result in less than opti- 
mal lymphadenectomy.’ In dealing with a disease in which 
the results of surgical treatment have been poor, it seems 
appropriate to pursue a more aggressive rather than a de- 
featist approach. 
The results of total pancreatectomy at the Mayo Clinic 
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during the 27-year period 1942 through 1968 have previ- 
ously been reported by ReMine et al. In that 36-patient 
series, the operative mortality was 17% and the overall 
five-year survival was 538%. Twenty-three of these resec- 
tions were performed for carcinoma, and this subgroup 
had an operative mortality of 21% and a five-year survival 
of 28.5%. Most patients for whom total pancreatectomy 
was performed had relatively large lesions. It was con- 
cluded that if patients with smaller lesions had their en- 
tire pancreas removed, both palliation and survival might 
be improved. We wish to emphasize that the study re- 
ported in this article represents an attempt to evaluate 
“total pancreatectomy” as a procedure per se rather than 
as a treatment for any one condition. We believe that the 
results warrant cautious optimism and further investiga- 
tion. 


SUBJECTS AND METHODS 


From 1969 through 1973, 28 additional total pancreatectomies 
were performed at the Mayo Clinic. We have reviewed the records 
of these patients and of the previous 36 (for a total of 64 patients) 
who underwent total pancreatectomy since 1942. The 28 new cases 
include the following: pancreatic carcinoma, 18 patients; islet cell 
tumor, one; ampullary carcinoma, eight; pancreatitis, two; cyst- 
adenocarcinoma, two; duodenal carcinoma, one; and polycystic 
pancreas, one. For the total series, ages ranged from 28 to 77 
years; there were 39 men and 25 women (Fig 1). Total pancre- 
atectomy was most prevalent in patients in the seventh decade. 

Information was obtained from clinical and autopsy records and 
from follow-up letters from patients and their local physiciams. 
Standard statistical techniques were used,” and P values are in- 
cluded only when the difference is significant. Satisfactory long- 
term follow-up was obtained in 96% of the patients who survived 
the operation. ý 

Overall, there were 33 operations for pancreatic carcinoma, ten 
for islet cell tumor, nine for ampullary carcinoma, five for chronic 
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Fig 1.—Age and sex distribution of patients undergoing total pan- 
createctomy. 





Table 1.—Operative Mortality* 


















Recent Series Total Series 
(1969-1973) (1942-1973) 


No. Died % No. Died % 


Early Series 
(1942-1968) 


No. Died % 








Diagnosis 
Pancreatic 
carcinomat 20 4 20 is... 3 2 wa. 7. 21 
islet cell tumor 9 1 11 t 6 6 10 1 10 


Ampullary 
carcinoma 













carcinoma 1.1 30 ee A: Z 3. 50 
Total BG!) Gi. oer cae ee 64 9 14 
* Died before dismissal from hospital or within 30 days after op- 

eration. 


t Includes two islet cell carcinomas. 
= One pancreatic rhabdomyosarcoma and one polycystic pancreas. 





pancreatitis, three for cystadenocarcinoma, two for duodenal car- 
cinoma, and one each for pancreatic rhabdomyosarcoma and poly- 
cystic panereas. 


RESULTS 
Mortality 


A death within 30 days of total pancreatectomy or be- 
fore dismissal from the hospital after the operation was 
considered an operative death. For all 64 patients there 
were nine operative deaths for a 14% mortality (Table 1). 

e In the previously reported series of 36 patients, the six 
operative deaths (17% mortality) included four patients 
with pancreatic carcinoma and one with an islet cell tu- 
mor. The patient with duodenal carcinoma died one month 
13 days after the pancreatectomy, after reoperation for a 
perforated gastric ulcer. 

fn the recent series of 28 patients, there were three op- 
erative deaths (11% mortality), and all occurred in pa- 
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Fig 2.—Number of total pancreatectomies and operative mortality 
(inset), by year. 
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Fig 3.—Survival of cancer patients after total pancreatectomy, by 
series. Main graph shows first 12 months. Subsequent period is 
shown by inset. 


tients with pancreatic carcinoma. One died 27 days post- 
operatively as a result of myocardial infarction and heart 
failure, one died 18 days postoperatively as a result of pul- 
monary embolism, and one died 42 days after the total 
pancreatectomy, after undergoing a series of reoperations 
for hemorrhage and infection. 

In the early series there was a 21% mortality among pa- 
tients operated on for cancer, compared to 12.5% (three op- 
erative deaths in 24 cancer patients) in the recent series. 
The number of total pancreatectomies performed has 
been increasing since 1942 (Fig 2). Since 1970, the oper- 
ative mortality has been 7.4%. 


Survival 


The 40 patients who underwent total pancreatectomy 
for cancer and who were eligible for follow-up included 24 
patients with pancreatic carcinoma, two with islet cell car- 
cinoma, nine with ampullary carcinoma, three with cyst- 
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Fig 4.—Survival of all patients after total pancreatectomy, by . 


presence (41 patients) and absence (12 patients) of cancer. 





Table 2.—Early Postoperative Complications* 



























Early Series, Recent Series, 
36 Patients 27 Patients 
(1942-1968) (1969-1973) 
oe EEE, 
Complication No. % No. % 
Fever | 11 31 10 37 
Wound infection 12 33 3 11 
Insulin reaction 9 25 6 22 
Gastrointestinal tract bleeding 10 28 4 15 
Difficult diabetes 9 25 4 15 
Subphrenic collection 7 19 3 11 
Dumping syndrome 5 14 2 7 
Insulin shock 3 8 2 7 
Wound dehiscence 1 3 3 11 
Biliary fistula 3 8 1 4 
Pulmonary embolus 1 3 2 7 
Gastric outlet obstruction 1 3 2 7 
Enterocutaneous fistula 2 6 1 4 
Diabetic ketoacidosis 1 3 1 4 






I, 
N 


Othert . 


* One patient may have had more than one complication. 

t Includes bleeding from suture line, intra-abdominal bleeding, as- 
piration, congestive heart failure, bacteremic shock, cardiac arrhyth- 
mia, peripheral neuritis, high insulin requirement, hepatorenal fail- 
ure, thrush, prolonged ileus, myocardial infarction, and cholangitis. 





adenocarcinoma, one with duodenal carcinoma, and one 
with rhabdomyosarcoma. At six months, one year, and 
three years the survival for the early series was 78%, 50%, 
and 17%, respectively (Fig 3). For the recent series, corre- 
sponding rates were 80%, 56%, and 44%. These differences 
are not statistically significant, but they suggest that sur- 
vival rates may be improving over the early series. 
From Fig 4 it is apparent that it is cancer that is killing 
these patients and not the fact that their pancreas has 
been removed. At six months, one year, and three years 
the survival was 79%, 53%, and 25%, respectively, for can- 
cer patients and 92%, 83%, and 83% for noncancer patients. 
This difference was significant (P < .05) at one year and 
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Table 3.—Late Postoperative Complications* 





Early Series, 










Recent Series, 
30 Patients 24 Patients’ 
(1942-1968) (1969-1973) 
Complication No. % No. % 
Pain 13 43 10 42 
Weight loss 13 43 8 33 
Steatorrhea 9 30 6 25 
Insulin reactions 6 20 5 21 
Diabetic ketoacidosis 5 17 2 8 
Gastrointestinal tract bleeding 6 20 0 0 
Dumping syndrome 3 10 1 4 
Diabetic neuropathy 4 13 0 0 
Biliary stricture 3 10 1 4 
Biliary tract stones 3 10 0 0 
Phlebitis 3 10 0 0 
Intra-abdominal abscess 1 3 1 4 
Diabetic retinopathy 2 7 0 0 
Perforated peptic ulcer 2 7 0 0 
Spontaneous intraperitoneal 
bleedingt 2 7 8) 0 
Othert 





* One patient may have had more than one complication. 

t Both patients were receiving anticoagulant therapy at the time. 

ł Includes peripheral vascular insufficiency, subcutaneous lipo- 
dystrophy, acalculous cholecystitis, persistent biliary fistula, multi- 
ple endocrine adenopathy with associated Zollinger-Ellison syndrome, 
enterocutaneous fistula, bile regurgitation, chronic ulcerative colitis 
flare-up, drug dependency, alcoholism, and osteomalacia. 





Table 4.—Diabetic Management After 
Total Pancreatectomy 















Total Series 
(1942-1973) 





Management Group 
Easily managed 


Occasional hypoglycemic reaction treated 
with carbohydrate orally 


Poorly managed; persistent glycosuria, 
brittle diabetes 2 4 
Very difficult; ketoacidosis or hypoglycemia 
requiring hospitalization 10 20 
Difficult only with concomitant illness 









became more striking as time progressed. 
The longest survival was 29 years 3 months, after total 
pancreatectomy for islet cell tumor. This patient, first re- 
ported by Priestley et al" in 1944, died in 1973 after a vig- 
orous and useful life. The patient with pancreatic rhab- 
domyosarcoma™ has remained alive for 14 years despite 
surgical revision of a strictured hepaticojejunostomy. X 
The longest survival in the group with adenocarcinoma 
of the pancreas was six years eight months. Therefore, in 
this group, two patients have survived five years or more 
after total pancreatectomy for malignant lesions of the 
pancreas, three patients have survived two years or more, 
and ten patients have survived one year or more. 
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Table 5.—Degree of Physical Activity Attained 
After Total Pancreatectomy* 










Early Series Recent Series Total Series 
(1942-1968) (1969-1973) (1942-1973) 
eaii ee eR i AE 









Activity No % No. % No. % 
Normal | il. 537 10 42 21 39 
Moderately } 71% 

restricted 9° 30 8. 33 ig] 32 
Severely 

restricted 10°. 33 6 25 16° -2 
Completely 

disabled 0 0 0 0 0 0 
Total 30 100 





* Includes only those surviving operation. 


Table 7.—Size of Malignant Lesions* in Patients 
Undergoing Total Pancreatectomy 


Total Series 
(1942-1973) 
rama 


Recent Series 
(1969-1973) 
ee 


No. 


Early Series 
(1942-1968) 
er, 





Total 24 100 24 100 48 100 


* Greatest diameter. 


Of the nine patients with ampullary carcinoma, one has 
survived for six years six months, two patients for three 
or more years, and four patients for one year or more. Of 
the three patients with cystadenocarcinoma, the longest 
survival has been four years nine months, and all three re- 
main alive. 

Of the five patients who had the entire pancreas re- 
moved for chronic pancreatitis, the longest survival was 
eight years, during which time the patient underwent bi- 
lateral truncal vagotomy for stomal ulcer. He died with 
massive gastrointestinal tract hemorrhage, the cause of 
which has never determined but was presumed to be alco- 
holic cirrhosis. Two patients died 16 months and four 
months, respectively, after operation, presumably with 
diffuse cerebral damage; both patients had courses compli- 
cated by persistent alcoholism, drug abuse, and psychosis. 
Two others remain alive seven and ten months, respec- 
tively. 

Of the two patients with duodenal carcinoma, one died 
about one month after total pancreatectomy after reoper- 
ation for perforated gastric ulcer; the other remains alive 
ten months postoperatively and is doing well. 

e There were two patients with islet cell carcinoma. The 
most notable was a 37-year-old woman with multiple en- 
docrine tumors. Initially, she underwent distal pancre- 
atectomy and excision of a left adrenal adenoma because 
of multiple islet cell tumors with hyperinsulinism. Later, 
multiple parathyroid adenomas were removed. Eleven 
years after that, the Zollinger-Ellison syndrome developed 
and she underwent total pancreatectomy and subtotal 
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Table 6.—Causes of Death in Fotal Series 


No. of Patients 


Cause Primary Associated 


Perforated ulcer 


Acute coronary thrombosis 


Other* 7 Ts 


* Eroded pancreaticoduodenal artery with hemorrhage; profound 
hypotension during operation; hepatic necrosis with postoperative 
vascular collapse; massive gastrointestinal tract hemorrhage with 
Zollinger-Ellison syndrome and multiple endocrine tumors; necrosis of 
gastric fundus; small bowel necrosis secondary to superior mesenteric b 
injury; died after colectomy for ulcerative colitis. i 





| 


Table 8.—Average Total Insulin Dosage (Units per Day) 
After Total Pancreatectomy* 










Recent Series 
(1969-1973) 


Mean 
= SE 
24+=2 
21+2 


* Differences not statistically significant. Two patients in early 
series developed insulin resistance. 


Early Series 
(1942-1968) 
ra 

Mean 

+ SE Range 
34+8 10-280 
39+ 11 10-300 







No. 


27 
19 





Range 
6-60 
5-40 






33 
25 


Early 
Late 














Table 9.—Amount of Gastric Resection 





Early Series 
(1942-1968) 


No. 


Total Series 
(1942-1973) 
a a 


Recent Series 
(1969-1973) 
—— "7 


Amount 


| 
gastrectomy; there were mutiple islet cell tumors with me- | 
tastasis to lymph nodes at that time. She has died. | 
Morbidity 

By early postoperative complications we mean those oc- l 
curring during the initial surgical hospitalization. Late 
complications are those occurring any time thereafter. | 
There were marked changes in early complications be- i 
tween the early and the recent series (Table 2). Wound in- | 
fection decreased from 33% to 11% (P < .04), gastrointesti- ) 
nal tract bleeding decreased from 28% to 15%, subphrenic 
abscess decreased from 20% to 11%, and dumping syn- | 
drome decreased from 14% to 7%. The incidence of diabetic ! 
ketoacidosis was relatively small, only 3%, for the entire 
group and was not much different between the early and | 
the recent series. However, the frequency of “difficult dia- | 
f 
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f 
E bètes” in the early postoperative period detheased from 
_ 25% in the early series to 15% in the recent series. The in- 
a cidence of biliary fistula decreased from 8% in the early 
series to 4% in the recent series. For the other complica- 
Be tions listed, the numbers are small and the differences 
probably are not meaningful. 
_ Table 8 lists the late postoperative complications. Pain 
= and weight loss were the most frequently encountered 
problems. Unfortunately, these were most often the se- 
= quels of progressive malignant disease. However, weight 
= loss decreased from 43% in the early series to 33% in the 
recent series. This may reflect some improvement in the 
management of pancreatic exocrine insufficiency. A de- 
crease in the incidence of steatorrhea from 30% to 25% 
a tends te corroborate this impression. Improvement in the 
= selection of cancer patients may also be a factor. Although 
4 i _ the incidence of insulin reactions remained about 20%, se- 
_ vere reactions resulting in insulin shock decreased from 
30% to 21% and the occurrence of diabetic ketoacidosis de- 
creased from 17% to 8%. This suggests some improvement 
in the overall management of diabetes after total pancre- 
_ atectomy. Major gastrointestinal tract bleeding decreased 
from 20% to 0 and perforated peptic ulcer decreased 
from 7% to 0. 
_ The sequels of long-standing diabetes, such as diabetic 
= neuropathy and retinopathy, also appear to have de- 
= creased—the former from 13% to 0 and the latter from 7% 
= to 0. This decrease suggests improvement in the long- 
= term diabetic management. It is notable that one of the 
patients with severe retinopathy and neuropathy was a 
= known diabetic for at least 12 years prior to total pancre- 
atectomy. Longer follow-up of the recent series will be 
= necessary to clarify this point. 
2 Stricture of the biliary anastomosis occurred in three 
_ patients of the early series, and each underwent recon- 
= struction of the choledochojejunostomy. Only one patient 
| r in the recent series experienced transient cholangitis that 
= was attributed to a mild stricture of the biliary anasto- 
_ mosis. Thus, the incidence of this complication decreased 
from 10% to 5%. The incidence of biliary tract stones de- 
= creased from 10% to 0. Whenever stones were encountered 
= in the biliary tract, there usually was an associated stric- 
~ ture of the biliary-intestinal anastomosis or the gallblad- 
_ der was present, or both. Other late complications also 
= showed some decrease in incidence, including phlebitis 
= and spontaneous intraperitoneal hemorrhage. Both pa- 
= tients experiencing the latter complication were receiving 
anticoagulant therapy at the time. 


1S 


Diabetic Management 


To quantitate the difficulties encountered in diabetic 
~ management after total pancreatectomy, each patient 
= was categorized into one of five groups (Table 4). Patients 
= in the first four groups had progressively greater diffi- 
culties in diabetic management. Patients in the fifth 
= group were unique in that they experienced difficulties 
only when concomitant illness arose. Diabetic manage- 
= ment during the early postoperative period often bore no 
relationship to the degree of difficulty encountered after 
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E me TA Tp doada ia aat pee dia 
the oati left the hoaa Neither the magnitude of ra 
gastric resection nor the type of reconstruction used had 
any noticeable effect on the quality of diabetic manage- 
ment. Similarly, a history of preoperative diabetes ôr a 
strong family history of diabetes seemed to play no role. 


Physical Activity 


For the total series, of those surviving the operation, 
39% attained normal activity, 32% were moderately re- 
stricted, and 29% were severely restricted; none was com- 
pletely disabled (Table 5). Thus, 71% regained normal or 
near-normal activity. Most of those in the severely re- 
stricted group died from cancer. There was some improve- 
ment in the activity level attained between the early 
series and the recent series. 







Cause of Death 


At the time of follow-up, 42 patients had died since 
1942. Causes of death are listed in Table 6. Death occurred 
from metastatic cancer in 22 patients. Sepsis was an occa- 
sional cause of death. Diabetic coma was the primary 
cause of death in two instances, both in alcoholics. The 
cause of death in two patients remains unknown. Pulmo- 
nary embolism and cholangitis were also causes of death. 
For three of the seven patients who died from “other” 
causes, death was related to technical surgical problems; 
all of these were in the early series. 


COMMENT 


In order to make any meaningful comparisons between 
patients undergoing total pancreatectomy and those un- 
dergoing some other treatment, for example, standard 
Whipple procedures, various factors relating to cancer 
need to be characterized. In the present series, 25% of the 
48 carcinomas were grade 1, 40% were grade 2, 27% were 
grade 3, and only 8% were grade 4. This distribution is 
similar, in general, to that observed in a larger group of 
patients with pancreatic cancer.*!? There was metastasis 
to lymph nodes in 46% of these patients, multiple foci of 
cancer in the pancreas in 19%, direct extension of tumors 
to surrounding structures in 73%, and extensive distal 
pancreatitis (making the boundary between tumor and in- 
flammatory tissue virtually impossible to identify) in 67%. 
These findings are similar to those reported by Mongé et 
al*s in their review of 239 patients with cancer who under- 
went Whipple procedures at the Mayo Clinic from 1941 
through 1962. 

The current operative mortality of 7.4% for total pan- 
createctomy patients is somewhat better than the 19% re- 
ported by Mongé et al for patients undergoing Whipple 
procedures. The current three-year survival of 44% for pa- 
tients undergoing total pancreatectomy for malignant 
disease also is somewhat better than that, 36%, among pa- 
tients who underwent Whipple procedures for malignant 
lesions at this institution. 

Improvement in the results of sited pancreatectomy 
was anticipated by ReMine et al* when they pointed out 
the relatively high incidence of large malignant lesions in 
the early series and suggested that more careful selection 
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of patients for total pancreatectomy should result in a 
group of patients with smaller lesions and, therefore, bet- 
ter opportunity for survival. Table 7 compares the size 
(greatest diameter) of malignant lesions in the early 
series and the recent series. The smallest tumors (less 
than 4 cm in diameter) were found in 34% of cases in the 
early series compared to 88% in the recent series, clearly 
suggesting better selection of patients. 

The major objection to total pancreatectomy seems to 
be the pancreatic exocrine and endocrine insufficiencies 
that invariably follow the procedure.’ It is interesting 
that 37% of our patients had diabetes preoperatively, and 
25% exhibited substantial pancreatic exocrine insuff- 
ciency. Perhaps a dangerous aspect of the diabetes that 
may follow a Whipple procedure is that it can occur insid- 
iously, some months after opération, and thus may go un- 
recognized. 

For the total series reported here, in 76% of patients the 
diabetes was easily controlled after dismissal from the 





hospital. This compares favorably to the management of 
nonpancreatectomy diabetes (77%). Recognition of the 
fact that relatively small doses of insulin are necessary to 
control diabetes in these patients probably accoufits for 
considerable improvement in management (Table 8). 

The impressive decrease in the incidence of late postop- 
erative gastrointestinal tract hemorrhage is worthy of 
comment. Gastric hypersecretion is produced by pancre- 
atectomy.'® The nature of this gastric hypersecretion re- 
mains unclear,” but, with the recognition of this fact, the 
tendency has been to perform at least hemigastrectomy in 
conjunction with total pancreatectomy. Half or more of 
the stomach was removed in 39% of the early series com- 
pared to 79% of the recent series (Table 9). Because vagot- 
omy was not routinely performed in either series, we con- 
clude that the marked decrease in incidence of late 
gastrointestinal tract hemorrhage is the result of the 
tendency toward greater gastric resection. 
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Discussion 


ALEXANDER WALT, MD, Detroit: I believe this is the largest 
series of total pancreatectomy in the literature. More significant, 
however—if I may borrow an adjective from the art connoisseurs— 
is the fact that it is an important paper as the conclusions drawn 
from the data are likely to influehce surgeons all across this coun- 
try and beyond. Consequently, this contribution demands very 
éritical dissection, and the details of the manuscript really deserve 
careful and very cautious interpretation. 

The central question being flirted with, as far as I can discern, 
is: should total pancreatectomy replace the more traditional 
Whipple operation? 

Now, as long as we review Dr. ReMine’s results of the operation 
from the technical and perioperative point of view alone, we can 
perhaps afford—although with a few reservations—to be “lump- 
ers” whd include all the various disease entities included in this 
series. If we do this, we can draw certain conclusions. First, that 
the mortality of 7.5% is excellent. The morbidity is certainly ac- 
ceptable. The posthospital morbidity, especially the problem of di- 
abetes, is most reassuring, and, last, the general comfort of the 
patient, including the virtual absence of diarrhea, is surprisingly 
good. So the report has established that the operation can be done 
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with relative comfort to all. 

The next question is: should it be done? What is less clear to me 
is the extent of the dividends in terms of palliation, and to deter- 
mine these accurately, I believe, we need to change our stance and 
become “splitters.” We must analyze the carcinoma of the pan- 
creas, the ampullary lesions, the islet cell tumors, the duodenal 
adenocarcinomas, the pancreatitis, and so on separately, as these 
are obviously very different lesions with different natural life his- 
tories. 

So with that background, I have to launch a barrage of ques- 
tions. Have you compared the results of the Whipple operation 
with those of total pancreatectomy over the past five years in your 
own institution for mortality, morbidity, and so on? 

Second, with carcinoma of the body and the tail of the pancreas, 
as far as I am aware, there are no living five-year survivors in the 
literature at all. Would you consider total pancreatectomy as 
worthwhile in those cases? 

Third, is total pancreatectomy the proper eperation for ampul- 
lary carcinoma or islet cell tumors? I would think not. 

Fourth, the question of multicentricity arises. You have a 
unique opportunity in these cases to map out for us the geography 
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rd f multicentricity. I Saai thia hás been dé And then, i in the 
- Manuseript, you state ‘you prefer to do a large gastrectomy and 
_ have omitted vagotomy. I wonder if it would not be worthwhile to 
eda vagotomy and do a lesser gastrectomy, and thereby, perhaps, 
) E also cut down on the incidence of subsequent gastric bleeding. 
= Witiam ReMine: I appreciate Dr. Walt’s discussion very much. 
‘a I think his questions are very pertinent to this subject. 
E _ These are items that we were interested in as we reviewed the 
problem. Our primary purpose originally was to review the proce- 
= dure as such. Is it feasible? Is the patient going to be a worth- 
| while, viable person? Are the patients going to be able to maintain 
-~ their position in society? 
F: I believe that Dr. Priestley answered most of these questions 
8 4 with the first patient that was operated on, because that patient 
_ lived for more than 29 years and was able to maintain a normal 
H po estanc: 

Have we compared it with the Whipple procedure? Yes, we have 
Erm this, and we believe that, as things stand at the moment, we 
i bere been able to improve the results by doing total pancre- 
Ec nioctomny. 

The last study of this was made by Dr. Mongé, who is here to- 
Y x Erio along with Dr. Judd, and they found an 18.5%, five-year sur- 
_ vival. Our five-year survival rate for total pancreatectomy as of 
i the report of 1968 was 27.8%. Now, these are small numbers of pa- 

tients, and we do not mean to make any great claims. I think we 
3 ~ need to accumulate a great deal of experience with the procedure, 
_ with particular regard to carcinoma. 
a = Carcinoma of the body and tail was brought up, and I think this 
is very important because we, too, do not have any cures that I am 
~ aware of for carcinoma of the body and tail of the pancreas. It is a 

Ee. - difficult problem; it is very late in the disease before we become 
= aware of its existence because of the hidden nature of the prob- 


~ lem. These carcinomas do not produce any symptoms until they 
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E iois a ay | 
We can, at times, achieve a little palliation for the a but I 
certainly would not recommend any extensive procedure with 
hope of cure for those patients. 

Ampullary carcinoma was inquired about. We soild not sabia 
mend total pancreatectomy for ampullary carcinoma, although we 
have done some (but not because we were trying to apply it to am- 
pullary carcinoma per se). We did it because it had to be done to 
remove the tumor. We could not tell, because of the invasion into 
the head of the pancreas, where the tumor process stopped. It was 
done as a means of getting around rather extensive tumors, not 
because we would recommend it for the usual, small ampullary le- 
sion. 

Islet cell tumors can be very difficult to find, as all of you know. 
The very first one of these procedures done was done for islet cell 
tumor, taking numerous sections of the pancreas until finally the 
last remaining portion had to be taken in order to find the islet cell 
tumor that was causing the hyperinsulinism. 

Dr. Walt asked about multicentricity. This is a very important 
question, probably the most important of all. Pathologists have 
suggested that often this is a ductal carcinoma and it is multicen- 
tric. Nine of our patients had multicentric lesions, and we believe 
that if we had not done a total pancreatectomy on them, we would 
not have offered them an opportunity for cure. 

Vagotomy was inquired about. We have not been too enthusias- 
tic about vagotomy. We have increased the extent of resection a 
little bit, but did not want to inflict the problems of vagotomy on 
the patient. I think that vagotomy diarrhea in addition to pancre- 
atic insufficiency might be a rather overwhelming problem for the 
patient, and we have chosen to go a little further with our resec- 
tion. We have cut our incidence of postoperative bleeding in half 
by doing this. So I think, at this moment anyway, it is a surgeon’s 
choice. I personally would favor not doing the vagotomy. 
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The records of 206 aneurysmectomy patients over the age of 70 
years were reviewed. Increased three- and five-year mortality was 
seen with a variety of risk factors—cerebral vascular disease, cardiac 
disease, diastolic hypertension, renal disease, and cigarette smok- 
ing—but 30-day mortality was not affected. Age was not a significant 
risk factor. It is recommended that patients with aneurysms less 
than 7.5 cm be observed if multiple risk factors are present. Almost 
all patients with aneurysms greater than 7.5 cm should have resec- 
tion to prevent death from rupture, although this will be short-term 
palliation in patients with multiple risk factors. 


umerous studies have established that patients 
with an abdominal aortic aneurysm that has not 
been operated on have a limited life expectancy. The 
three-year survival of these patients is from 30% to 50% 
and the five-year survival is 20%.'* Only about half of 
these deaths are due to ruptured aortic abdominal aneu- 
rysms; the rest of the patients usually die from other com- 
plications of atherosclerosis. 

Aneurysmectomy is recommended to most patients 
with abdominal aortic aneurysms in order to avoid death 
due to rupture of the aneurysm. The aged patient presents 
a special problem. Is there an age above which the mortal- 
ity and morbidity of the operation is too high? In addition, 
if we could predict which patients were likely to die of 
atherosclerotic complications other than aneurysm rup- 
ture, then aneurysmectomy might be deferred in these pa- 
tients. The following study was done to answer the above 
questions and thereby suggest a scheme of treatment of 
the aged patient with an abdominal aortic aneurysm. 


METHODS AND PATIENTS 


All patients over 70 years of age who had undergone abdominal 
aortic aneurysmectomy at the University of Iowa Hospitals until 
June 1973 were retrospectively reviewed. Only one patient was 
lost to five-year follow-up. The following preoperative risk factors 
were analyzed: age, size of the aneurysm, clinical congestive heart 
failure, cardiomegaly, angina, electrocardiogram abnormalities, 
blood pressure, chronic obstructive pulmonary disease, renal func- 
tion, transient ischemic attack, strokes, carotid bruits, and periph- 
eral vascular disease of the lower extremities. Follow-up of these 
patients was obtained via return inpatient or outpatient visits to 
the hospital, letters from the referring physician based on an ex- 
amination, or letters or telephone calls from the patients or rela- 
tives. These preoperative risk factors were then correlated by 
computer analysis (x* probability) to (1) 30-day mortality, (2) 
three-year mortality, and (8) five-year mortality. 


RESULTS 


eTwo hundred six patients over the age of 70 years have 
had aortic aneurysmectomy at the University of Iowa; 
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58 had emergency operations and 148 elective aneurys- 
mectomies. The operative survival was 91% for elective re- 
section and 57% for emergency operation; the three-year 
survival, 59% and 30%; and the five-year survival, 38% and 
19%, respectively. 


Age 


The age distribution of the patients is shown in Fig 1. 
Most of the patients were 75 years of age or younger. For 
the purposes of analysis, the patients were divided into 
three age groups: 70 to 74, 75 to 79, and 80 or older. 

The operative mortality was not significantly affected 
by increasing age (Fig 2). In terms of postoperative prog- 
nosis, the younger patients (70 to 74) in the emergency 
group tended to have better survival and the older pa- 
tients (80 or older) had poorer survival. At three- and five- 
year follow-up there were no emergency aneurysmectomy 
patients in the older group still alive. However, this was 
not statistically significant. 

In the elective aneurysmectomy patients there was no 
difference between the age groups and, interestingly, 
there were no operative deaths in the patients 80 years of 
age or older. It should be emphasized that these are not 
random patients but patients preselected by the surgeon. 


Aneurysm Size 


The most common method of measurement of the aneu- 
rysm was by physical examination or measurement at lap- 
arotomy. Aneurysmal calcification on an abdominal roent- 
genogram was measured in 16 patients and ultrasound 
examination of the abdomen was used to measure the an- 
eurysm in one patient. 

Sixty-four percent of the patients had aneurysms larger 
than 7.5 cm in transverse diameter (Table 1). In the elec- 
tive group there were ten aneurysms (6.8%) less than 5 em, 
and 53 (36.1%) were between 5 and 7.5 cm. 


Fig 1.—Age distribution of patients. 
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Fig 2.—Survival related to age. 


Table 1.—Aneurysm Diameter 


No. of Patients/% 







<5 cm 5-7.5 cm >7.5 cm 
Emergency 0/0 11/19 47/81.0 
Elective 10/6.8 53/36.1 84/57.0 


Total 10/4.9 64/31.1 131/63.6 





No ruptured aneurysms were less than 5 cm in trans- 
verse diameter, but 19% of the ruptured aneurysms were 
7.5 cm or less. 


Atherosclerotic Risk Factors 


Tables 2 through 7 detail the number and percentages 
of patients in their respective groups and, in general, are 
self-explanatory. Statistically significant differences 
(P< .05) are indicated. Although many trends are noted 
in the emergency aneurysmectomy group, the small num- 
ber of patients with certain risk factors denies statistical 
significance. 

The patients are separated into emergency and elective 
aneurysmectomy as these two clinical problems are them- 
selves different. The combined data (emergency and elec- 
tive) do not differ except as specifically mentioned. 


Cerebral Vascular Disease 


The patients were evaluated for a history of stroke or 
carotid territory transient ischemic attacks, or the pres- 
ence of a carotid bruit. If a carotid pulse was mentioned in 
the physical examination but a bruit was not, it was as- 
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sumed that a bruit was listened for but was not present. If ' 
neither a carotid pulse nor a carotid bruit was mentioned, 
it was assumed the examination was incomplete. Patients 
with a history of stroke or carotid territory transient is- 
chemic attacks tended to fare worse than their counter- 
parts (Tables 2 and 3), but at no time was this statistically 
significant. The small number of patients with carotid 
bruits (six of 193) cast doubt on the validity of this data 
base. 


Cardiac Disease 


Indications of cardiac disease were as follows: an abnor- 
mal ECG, a history or ECG evidence of myocardial infarc- 
tion, a history of angina, cardiomegaly on chest roentgen- 
ogram, and a history of clinical congestive heart failure. 

Interestingly, none of the cardiac risk factors signifi- 
cantly influenced operative survival (Tables 4 and 5). 
However, at three and five years, patients with positive 
indicators of cardiac disease tended to have a higher 
mortality than their counterparts. In elective aneurys- 
mectomy patients, however, previous myocardial infarc- 
tion significantly affected three-year survival (but not 
five-year survival); an abnormal ECG significantly de- 
creased five-year survival; and a history of angina signifi- 
cantly decreased five-year survival (P < .05). 

In addition, when the emergency and elective groups 
were combined, the presence of cardiomegaly also ad- 
versely influenced five-year survival (P=.016). 

In order to obtain significant numbers, both the emer- 
gency and elective groups were combined and multiple 
cardiac risk factors analyzed, using Fisher exact probabil- 
ity test (Table 6). The 30-day survival was significantly af- 
fected only by a combination of factors. However, at three 
and five years all combinations tested significantly in- 
creased mortality. 


Blood Pressure 


The admission blood pressure is related to patient sur- 
vival in Fig 3. The emergency patients who survived had a 
higher blood pressure than the nonsurvivors (ie, the pa- 
tients who arrived at the hospital in shock had an in- 
creased mortality). These differences are accentuated with 
the passage of time and may include a late effect of shock 
on a variety of organ systems. 

The survivors of elective aneurysmectomy tended to 
have a lower blood pressure than nonsurvivors, indicating 
the detrimental effects of long-term hypertension. The 
only statistically significant difference between survivors 
and nonsurvivors was an increased diastolic blood pres- 
sure at three years (103 mm Hg vs 98 mm Hg). 


Renal Function 


Admission blood urea nitrogen (BUN) and creatinine 
values were used to evaluate renal function (Fig 4). There 
were elevated values in all groups following emergency 
surgery when compared to an elective group. This proba- 
bly represents the effect of “shock” in the emergency 
group. z 

The survivors tended to have a lower BUN value in all 
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Table 2.—Emergency Aneurysmectomy: Survival Related to Cerebral Vascular Disease* , ` 


















30-Day 3-Year 5-Year 
° TEST a ie ee F EAE rar. er Ra PTE A A CTT ACE ECS. eae EN 
With Risk Without Risk With Risk Without Risk With Risk Without Risk 
Risk Factor Factor Factor Factor Factor Factor Factor 
Stroke 2/4 (50) 31/53 (59) 1/3 (33) 14/46 (30) 0/2 (0) 9/44 (20) 
Carotid bruit ety 32/57 (56) $F 14/49 (29) ae 9/47 (19) 
Carotid territory tran- 
sient ischemic attack 2/2 (100) 31/55 (56) 2/2 (100) 13/47 (28) 2/2 (100) 7/44 (16) 





* Values are expressed as number of survivors/total number of patients, with percentages in parentheses. 
+ P=.04. 


Table 3.—Elective Aneurysmectomy: Survival Related to Cerebral Vascular Disease* 


30-Day -Year 5-Year 
TaD Ir a TT a I ia a FIRE e enemas etme x 
With Risk Without Risk With Risk Without Risk With Risk Without Risk 
Factor Factor Factor Factor Factor Factor 

Stroke 6/8 (75) 128/140 (91) 2/8 (25) 70/114 (61) 0/8 (0) 41/100 (41) 
Carotid bruit 6/6 (100) 124/136 (91) 3/4 (75) 67/112 (60) 3/4 (75) 37/99 (37) 
Carotid territory tran- 

sient ischemic attack 13/14 (93) 121/134 (90) 6/12 (50) 66/110 (60) 1/11 (9) 40/97 (41) 


* Values are expressed as number of survivors/total number of patients, with percentages in parentheses. 


Table 4.—Emergency Aneurysmectomy: Survival Related to Cardiac Disease* 











30-Day 3-Year 5-Year 
Se 
With Risk Without Risk With Risk Without Risk With Risk Without Risk 
Risk Factor Factor Factor Factor Factor Factor Factor 















Abnormal ECG 22/34 (65) 6/8 (75) 10/31 (32) 2/5 (40) 7/29 (24) 1/4 (25) 

Myocardial infarction 10/20 (50) 23/35 (66) 5/19 (26) 10/28 (36) 3/18 (17) 6/26 (23) 
Angina 1/2 (50) 32/53 (60) 0/2 (0) 15/45 (33) 0/2 (0) 9/42 (21) 
Cardiomegaly 4/8 (50) 27/48 (56) 1/8 (12.5) 13/41 (31) 0/8 (0) 8/38 (21) 
Heart failure 4/9 (44) 27/47 (57) 0/8 (0) 14/41 (34) 0/8 (0) 8/38 (21) 




















* Values are expressed as number of survivors/total number of patients, with percentages in parentheses. 





Table 5.—Elective Aneurysmectomy: Survival Related to Cardiac Disease* 






30-Day 3-Year 5-Year 












n nn amďťľ 
With Risk Without Risk With Risk Without Risk With Risk Without Risk 
Risk Factor Factor Factor Factor Factor Factor Factor 
















Abnormal ECG 88/99 (89) 42/45 (93) 46/82 (56) 24/36 (67) 23/73 (31.5) 18/32t (56) 
Angina 19/23 (83) 115/125 (92) 9/21 (43) 63/101 (62) 2/17 (12) 39/91t (43) 
Heart failure 17/19 (90) 116/128 (91) 12/18 (67) 59/103 (58) 6/14 (43) 34/93 (37) 





* Values are expressed as number of survivors/total number of patients, with percentages in parentheses. 
t P<.05. 


_ groups when compared to the nonsurvivors. This was sta- cough, or a chest roentgenogram that was interpreted by 
tigtically significant at three and five years in the elective the radiologists as “emphysema” or “emphysematous 
patients and at five years in the emergency patients. The changes,” he was categorized as having chronic pulmonary 
serum creatinine value followed the same trends, but it disease. Patients so categorized did not fare statistically 
was never statistically significant. better or worse in any group when compared to their 


Chronic Obstructive Pulmonary Disease Soper Der ae 


If #&patient had a history of shortness of breath on exer- Distal Occlusive Disease 


‘tion without other cardiac failure symptoms, a chronic Any patient having a history of intermittent claudica- 


"Arch Surg/Vol 110, May 1975 Aneurysmectomy in the Aged/Baker & Munns 515 











= -E =a= 








hh 


160} | 
150 
3 140 l 
È 130 Erri p 
=NON Survivors 
& 
~ 120 — VERG —Systole 
S t —Diastole 
% 
& 
¢ 100 (p=0.014) ——? 
(p= 0.047) 
i S 
70 





30 day 3 yrs 5 yrs 
Elective 


30 day 3yrs 5yrs 


Emergency 


Fig 3.—Survival related to admission blood pressure. 






Table 6.—Survival of Patients With Multiple Risk 
Factors: Emergency Plus Elective Aneurysmectomy* 












Risk Factor 30-Day 3-Year 
Normal ECG, no angina 48/52 (92) 26/40 (65) 19/35 (54) 
Abnormal ECG, angina 19/24 (79) 8/22(36)t 2/18(11)T 
Abnorma! ECG, angina, 

myocardial infarction 14/17 (82) 
Abnormal ECG, angina, 

cardiomegaly 
Abnormal ECG, angina, 
distal occlusive 
disease 
Abnormal ECG, angina, 

cardiomegaly, myo- 
cardial infarction 










6/16 (38)t 2/14 (14)ł 











6/7 (86) 1/7 (14)T 0/6 (0)T 
















9/12 (75) 3/12 (25)ł 1/11 (9)ł 










4/5 (80)¢ 0/5 (0)t 0/5 (0)t 


* Values are expressed as number of survivors/total number of 
patients, with percentages in parentheses. 
t P<.05. 





tion, ischemic rest pain, or gangrene, or having dimin- 
ished or absent pulses on physical examination was cate- 
gorized as having distal occlusive disease. 

The patients with distal occlusive disease (Table 7) 
fared worse than patients without distal occlusive disease 
in almost all categories. This difference became statisti- 
cally significant in three and five years in the elective pa- 
tients only. 


Cigarette Smoking 


Patients were categorized into one of three groups: 
never smoked cigarettes, smoke cigarettes but quit, and 
still smoke cigarettes. 

In the emergency patients, cigarette smoking enhanced 
survival slightly, but it should be emphasized that this is 
not a statistically significant difference (Table 8). 

In elective aneurysmectomy, patients’ cigarette smok- 
ing increased the operative, three-year, and five-year mor- 
tality. This increase was statistically significant only after 
three years. The patients who had smoked but quit did 
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Fig 4.—Survival related to preoperative blood urea nitrogen values 
(given in milligrams per 100 ml). 


better than the patients who continued to smoke but not 
quite as well as patients who had never smoked. Assuming 
that cigarette smoking is related to atherosclerosis, these 
findings are not unexpected. 


COMMENT 


The purpose of this study was to review elderly aneu- 
rysmectomy patients to identify preoperative prognostic 
factors. To that end, various preoperative risk factors 
were correlated with operative, three-year, and five-year 
mortality. | 

Operative mortality was not significantly influenced by 
any risk factor reviewed. That elderly patients with evi- 
dence of multiple sites of atherosclerotic disease survived 
as well as their counterparts is a tribute to modern anes- 
thesiology, careful surgical technique, and intensive post- 
operative care. 

Not a single ruptured aneurysm was found that was less 
than 5 cm wide. However, 19% were between 5 and 7.5 cm 
and 81% were larger than 7.5 cm in transverse diametes. 
While other authors have suggested that aneyrys- 
mectomy be deferred in patients with aneurysms smaller 
than 7.5 cm, our data suggest that that philosophy is too 
conservative. 

However, at three and five years survival is adversely 
affected by evidence of atherosclerosis: cerebral vascular , 
disease, cardiac disease, hypertension, renal disease, and 
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30-Day 
With PVD Without PVD 
Emergency aneurysmectomy 12/18 21/40 
(67) (52) 
Elective aneurysmectomy 38/44 96/104 
(87) (92) 
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Table 7.—Survival Related to Peripheral Vascular Disease (PVD)* 


3-Year 5-Year 
With PVD Without PVD With PVD Without PVD 
4/16 11/34 1/15 8/32 
(25) (32) (7) (25) 
15/36 57 /86t 7/34 34/74t 
(42) (60) (21) (46) 





* Values are expressed as number of survivors/total number of patients, with percentage in parentheses. 


+P=.02 


Table 8.—Survival Related to Cigarette Smoking 


30-Day 


Never 
Smoke Quit Smoked 
-~ Emergency aneurysmectomy 14/22 1/4 4/4 
(63) (25) (100) 


Elective aneurysmectomy 41/49 25/26 40/43 
(84) (96) (93) 





3-Year 5-Year 


Never 
Smoke Quit Smoke Quit Smoked 
7/19 0/4 4/17 0/4 1/3 
(37) (0) (33) (24) (0) (33) 
17/39 12/21 26/35T 10/36 8/19 16/33 
(43) (57) (74) (28) (42) (49) 


* Values are expressed as number of survivors/total number of patients, with percentages in parentheses. 


+P =.028. 


distal peripheral vascular disease. This is in agreement 
with most other authors,*: but Wolf et al’ state that there 
is no statistically significant difference in the long-term 
survival of patients with and without peripheral vascular 
disease. Most vascular surgeons agree with DeWeese and 
Rob, who pointed out that patients with the most severe 
symptoms and most advanced arterial disease have the 
poorest survival. 

Conversely, DeBakey et al° have shown that the life ex- 
pectancy of patients without associated hypertension and 
heart disease is almost the same as that of the normal 
population for the first five years. 

Mortality is significantly increased in cigarette smokers 
at three years (P < .05) and tended to be increased at five 
years (P <.2). In addition, the survival was improved in 
those patients who did smoke but quit. This is not surpris- 
ing as cigarette smoking and atherosclerosis have been as- 
sociated in numerous other studies. This data should fur- 
ther move the surgeon to encourage his patients to quit 
smoking. 

These data underline the fact that atherosclerosis is a 
progressive, systemic disease and, although aortic abdomi- 
nal aneurysmectomy can be accomplished safely and 
thereby prevent death from a ruptured aneurysm, the op- 
eration will not prevent late death from progressive dis- 
ease in other organ systems. In addition, the data show 
that patients with multiple risk factors have an increased 
mortality when compared to those with single risk factors. 

dnterestingly, advanced age did not significantly influ- 
ence qnortality. However, no patient over 80 survived 
three years after an emergency aneurysmectomy. 

Using the above data, the following planned treatment 
for patients over 70 years of age with aortic abdominal 
aneurysms is suggested. 

. 1. Aneurysms less than 5 cm wide need not be resected 
as the risk of rupture is nil. 


Arch Surg/Vol 110, May 1975 


2. Aneurysms between 5 and 7.5 cm have a definite 
chance of rupture and should be resected in patients with- 
out risk factors. In patients with a single risk factor, they 
should probably be resected. In patients with multiple risk 
factors, observation is indicated until growth of the aneu- 
rysm can be demonstrated or until there is a change in the 
symptoms indicating the possibility of rupture. 

3. Aneurysms larger than 7.5 cm should be resected in 
almost all patients who can survive an operation. While 
this will resort in short-term palliation in some patients, it 
will probably avoid rupture in many. 

4, Operation is indicated in all patients with ruptured 
aneurysms. Any salvage in this group is an improvement, 
although the long-term outlook is bleak in patients over 80 
and those with multiple risk factors. 
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nutrition. Since contaminated solutions and infusion catheters are potential 
sources of infection, t is imperative that the preparation of hyperalimenta- 
tion solutions and the placement and care of catheters be accomplished 
under controlled aseptic conditions. 

Total parenteral! nutrition solutions should be used prompt'y after mixing 
Any storage should be under refrigeration and limited to a few days. Adminis- 
tration time for a single bottle and set should never exceed 24 hours. 

3. Metabolic: The following metabolic complications have been reported: 
metabolic acidosis, Fypophosphatemia, alkalosis, hyperglycemia and glyco- 
suria, osmotic diuresis and dehydration, rebound hypoglycemia, elevated 
liver enzymes, hypo and hypervitaminosis, electrolyte imbalances, hyper- 
ammonemia in children, and allergic manifestations if a protein hydrolysate 
is used. FreAmine IL 8.5% contains adequate phosphate (20 mEq./I.) to 
maintain normal serum phosphorus levels in most patients. Some patients 
may require additional phosphate. 

Adverse Reactions: See Warnings and Special Precautions of Hyperalimen- 
tation. Local reactions consisting of a warm sensation and erythema have 
been reported when FreAmine and hypertonic dextrose were administered by 
peripheral vein. 

Dosage and Administration: Daily doses of approximately 1.0 to 1.5 g per 
kilogram of body weight for adults and 2 to 3 g. per kilogram of body weight 
for infants are generally sufficient to satisfy protein needs and promote posi- 
tive nitrogen balance although higher doses may be required in severely 
catabolic states. Such higher doses, especially in infants, must be accom- 
panied by more frequent laboratory evaluation, Adequate calories must be 
provided simultaneously. Calorie-to-nitrogen ratios of at least 100 to 150 non- 
protein calories per gram of nitrogen have been recommended to achieve 
positive nitrogen balance. The provision of sufficient intracellular electrolytes, 
principally potassium, magnesium, and phosphate, is also required for opti- 
mum utilization of amino acids. In addition, sufficient quantities of the major 
extracellular electrolytes, sodium, calcium, and chloride, must be given. Care 
must be taken to avoid incompatible electrolyte mixtures. Infusate levels of 
10-15 mEq./I. of phosphate, 5 mEq./I. of calcium, and 5-10 mEq./I. of magne- 
sium rarely are incompatible when properly mixed. lf a patient's nutritional 
intake is primarily parenteral, vitamins, especially the water-soluble vitamins, 
should also be provided. 

in adults, hypertenic mixtures of amino acids and dextrose may be sately 
administered only by continuous infusion through a central venous catheter 
with the tip located in the vena cava. For optimal nitrogen utilization, 500 ml. 
of FreAmine II 85%, appropriately mixed with dextrose, electrolytes, and 
vitamins, is typically administered over an eight-hour period. If administra- 
tion rate should fal! behind schedule, no attempt to ‘catch up” to planned 
intake should be made. In addition to meeting protein needs, the administra- 
tion rate is also governed, especially during the first few days of therapy, by 
the patient's glucose tolerance. Daily intake of amino acids: and dextrose 
should be increased gradually to the maximum required dose as indicated by 
frequent determination of urine and blood sugar levels 

In many patients, provision of adequate calories in the form of hypertonic 
dextrose may require the administration of exogenous insulin to prevent 
hyperglycemia and glycosuria. Jo prevent rebound hypoglycemia, a solution 
containing 5% dextrose should be administered when hypertonic dextrose 
infusions are abruptly discontinued. 

Pediajric Dosage and Administration: Smal! infants (up to 10 kg.) on total 
parenteral nutrifion generally receiye 2 to 3 g. of protein, 100 calories, and 
120 to Q! of fluid per kg. of body weight per day. This can be provided 
in a solution containing approximatley 2¥e% FreAmine Il and 20% dextrose. 
However, because physiological changes occur rapidly in small infants, the 
daily dose of mutrients should initially be increased slowly with frequent 
monitoring of pertinent clinical and metabolic parameters. (See Warnings 
above) Large infants (over 10 kg.) and children require fewer calories; gen- 
erally 50 to 80 calories per kg. per day is sufficient. 

Route: Intgvenous. 

Cavfion: Federal (U.S.A.) law prohibits dispensing without prescription. 
How Supplied: FreAmine Il 8.5% is supplied sterile and nonpyrogenic in 
500 mi. intravenous infusion bottles packaged alone and in Parenteral Hyper- 
alimentation Kits. 
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Acute Renal Failure Complicating 


Ruptured Abdominal Aortic Aneurysm 


Surendra K. Chawla, MD; Hassan Najafi, MD; Todd S. Ing, MD; William S. Dye, MD; 
Hushang Javid, MD; James A. Hunter, MD; Marshall D. Goldin, MD; Cyrus Serry, MD 


Ruptured abdominal aortic aneurysm complicated by renal failure 
is associated with a mortality greater than 90%. Aggressive manage- 
ment, which included the early use of hemodialysis, was employed. 
Between 1970 and 1973, a total of 43 patients had surgery for 
veloped acute and fixed renal failure. Nine of these 14 patients had 
undergone hemodialysis with treatments beginning as early as the 
second postoperative day and lasting as long as ten weeks. There 


ponr abdominal aortic aneurysm is one of the most 
critical surgical emergencies in vascular surgery. In 
a collective review of 756 patients from 19 centers with 
patient populations from four to 117, the operative mor- 
tality ranged from 34%' to 85%, with a mean of 56%. 
When ruptured abdominal aortic aneurysm is complicated 
by acute renal failure, this mortality approximates 90%, 
with very few patients surviving an otherwise seemingly 
successful operation.** In our earlier report of 107 con- 
secutive patients operated on for ruptured abdominal aor- 
tic aneurysm, there were 15 patients with associated acute 
renal failure. Only one patient survived, a hospital mortal- 
ity of 93%.‘ The extremely lethal nature of this combina- 
tion suggested the need for a more aggressive manage- 
með% and, consequently, the decision was made to explore 
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the feasibility of early application of hemodialysis. This 
modality of treatment was considered in every instance 
and, when appropriate, has been utilized in the postopera- 
tive management of patients since January 1970. To ex- 
amine the value of hemodialysis under these circum- 
stances, the records of all patients operated on for 
ruptured abdominal aortic aneurysm during the ensuing 
four-year period have been reviewed. These observations 
form the basis for this report. 


SUBJECTS 


During a four-year period beginning January 1970, a total of 43 
patients, all transferred from other institutions, underwent sur- 
gery for ruptured abdominal aortic aneurysm at Rush-Presby- 
terian-St. Luke’s Medical Center. Eleven patients died, either dur- 
ing the operation or shortly after surgery. The causes of death in 
this group consisted of bleeding, irreversible shock, cardiac fail- 
ure, and ventricular arrhythmias. Of the 32 patients who survived 
beyond 48 hours, 14 developed postoperative renal failure. These 
14 patients were all men ranging in age from 48 to 87 years, with 
a mean age of 66 years. Seven patients were in profound shock 
preoperatively, refractory to usual resuscitative measures. Six pa- 
tients were severely oliguric for many hours prior to the oper- 
ation. In four patients the aorta was clamped above the renal ar- 
teries during operation to control bleeding. The exact duration of 
aortic cross clamping could not be determined from the records. 
The duration of operations, however, ranged from 3% to 7 hours, 
with a mean of 4% hours. An average of 8 liters of blood was given 
during operation. The urine output was carefully monitored dur- 
ing operation and ranged from none to as high as 800 ml/hr. Pa- 
tients showing evidence of oliguria (less than 20 ml/hr) were 
treated with estimated volume replacement, using both crystal- 
loids and colloids (mannitol as much as 25 gm intravenously) and 
diuretics (usually furosemide, up to 500 mg intravenously). Fail- 
ure of the urinary volume to increase was interpreted as impend- 
ing renal failure. Once the presence of this complication was es- 
tablished, either because of sustained oliguria or anuria, or 
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because of substantial and progressive rise in blood urea nitrogen regimen, which included restricted fluid intake during oliguric 
(BUN) and electrolyte imbalance despite large volumes of dilute phase and unrestricted food, including protein and potassium fol- 
urine, hemodialysis was instituted. This was accomplished using a lowing the restoration of gastrointestinal tract motility. Ambula- 
peripheral arteriovenous fistula, either between the radial artery tion was encouraged between dialyses, and the Foley catheter was 
and antecubital vein or between the dorsalis pedis artery and the removed during the oliguric phase. The patients were given 
long saphenous vein." prophylactic antibiotics because of the presence of prosthetic 

Hemodialysis treatments were performed with an artificial kid- grafts. The BUN, creatinine, and serum potassium values, deter- 
ney dialyzer. The therapy was repeated daily or less often in an mined daily, guided the timing and frequency of the hemodialysis 
attempt to prevent the serum BUN value from rising above 70 to treatments. Electrocardiograms were obtained frequently to de- 
80 mg/100 ml. Other indications for dialysis included hyper- tect myocardial injury and the patients’ legs, while in bed, were 


kalemia, overhydration, severe metabolie acidosis, and clinical de- raised 15° to 20° to promote venous return and prevent stasis. 
terioration secondary to uremic state. Judicious regional heparini- 

zation using a slow heparin infusion was utilized’ during the first RESULTS 

two weeks postoperatively or in the face of bleeding diathesis. 

Otherwise, systemic heparinization was used. Five patients received supportive therapy without he- 


The dialysis was used in conjunction with the basic medical modialysis, and all died with sustained renal insufficiency 
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Fig 1.—Postoperative course of 62-year-old man who received 27 hemodialysis treatments (arrows), and was discharged from the hospital. 
Shaded area depicts urine output. 


Fig 2.—Postoperative course of 73-year-old man who received seven hemodialysis treatments (arrows) and died on 23rd postoperative day 
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due to bowel necrosis. Shaded area depicts urine output. 
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as the primary or contributing cause of death. Three of 
these patients died from infarction of the colon, one from 
massiye upper gastrointestinal tract bleeding, and the re- 
maining one from hyperkalemia. Hemodialysis in this 
group was either considered too late to be effective or was 
thought to be eontraindicated in the face of other compli- 
cations. Two of these patients conceivably might have 
been salvaged with hemodialysis. 

Nine patients were dialyzed and six survived (67%), rep- 
resenting a substantial decrease in hospital mortality as 
compared to the experience outlined in our earlier report.’ 
The treatments were started as early as the second post- 
operative day. One patient in the high-risk category for 
renal failure had an arteriovenous shunt established at 
the initial operation that was used for dialysis several 
days later. The treatments were initiated within one week 
from the operation in all patients who ultimately sur- 
vived. These patients required hemodialysis either daily or 
every other day, depending on the clinical response and 
the rate of rise of BUN and serum creatinine values. One 
patient required only one treatment, resulting in the 
gradual fall in BUN level. Eight patients required be- 
tween 8 and 30 treatments. Two patients were discharged 
from the hospital on a long-term hemodialysis program. 
The clinical course of one of the latter patients is depicted 
in Fig 1. He was a 62-year-old man transferred to our hos- 
pital with a ruptured abdominal aortic aneurysm and 
taken directly to the operating room. He suffered hypoten- 
sion when the abdominal cavity was entered and suprare- 
nal clamping of the abdominal aorta was required for ten 
minutes. During a seven-hour operating period, he had a 
urine output of 800 ml. The decrease in urine output over 
the next 24 hours was managed with crystalloids, colloids, 
and furosemide (up to 300 mg intravenously every three 
hours). He remained oliguric and required an arterio- 
venous shunt on the second postoperative day. Hemodialy- 
sis was instituted to keep the BUN value below 70 to 80 
mg/100 ml. His hospital course was complicated by res- 
piratory arrest and urinary and abdominal wound infec- 
tions. A percutaneous renal biopsy specimen showed 
evidence of acute tubular necrosis. A permanent arterio- 
venous fistula was created, and the patient was dis- 
charged on a long-term outpatient dialysis program. 

Of the three patients who were dialyzed and who died, 
in each instance major complications other than renal fail- 
ure, at least in part, contributed to their death. One pa- 
tient (a 60-year-old man) developed high output renal fail- 
ure with a rate of rise of the BUN level up to 40 mg/day. 
He was managed on conservative treatment for four days, 
when an arteriovenous shunt was established. The patient 
received only one dialysis treatment, but died the next 
day from massive gastrointestinal tract bleeding. Post- 
mofem examination revealed pulmonary edema, acute 
bronchopneumonia, and gastric erosions. A second pa- 
tient, a 77-year-old man, showed a rate of rise of BUN 
value up to 30 mg/day. Because of his extremely pre- 


ns condition, he was managed on conservative treat- 





ment. An arteriovenous fistula was created on the 38rd 
postoperative day, with full realization of his irreversible 
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downhill course. The patient received only one hemodialy- 
sis treatment and died the next day. The third patient, a 
73-year-old man, had a history of previous congestive 


heart failure and diabetes requiring digoxin and insulin. — 


He was oliguric several hours before arrival to the oper- 
ating room. He required clamping of the suprarenal ab- 
dominal aorta to control bleeding and also clamping of the 
right renal artery for 30 minutes. He remained anuric 
during the operative procedure and showed a rate of rise 
of the BUN level up to 20 mg/day. The hemedialysis treat- 
ments were not started until the tenth postoperative day. 
He did respond to hemodialysis treatment, but died of 
massive bowel infarction on the 23rd day after surgery 
(Fig 2). The clinical summary of the hemodialyzed group 
of patients is contained in the Table. 


COMMENT 


In 1968 we reported on 107 consecutive patients oper- 
ated on for ruptured abdominal aortic aneurysm. The 
overall mortality was 54%, and of 15 patients with associ- 
ated acute renal failure only one survived surgery, a hos- 
pital mortality greater than 90%. Similar death rates 
following repair of ruptured abdominal aortic aneurysm 
complicated by acute renal failure have been reported by 
other centers.**"* 

A large number of early deaths in patients having acute 
renal failure following surgery for ruptured abdominal 
aortic aneurysm are due to serious complications unre- 


lated to the kidneys. Such complications usually cause the 


death of the patient before or despite successful dialysis. 
It appears that of all patients with ruptured abdominal 


aortic aneurysm who reach the operating room, approx- 


imately one third die within 48 hours from irreversible 
shock, generalized bleeding, or myocardial infarction. Of 
the patients surviving beyond 48 hours, nearly half have a 
relatively uneventful postoperative course, while the re- 
maining half have a variety of serious complications. Of 
these, renal failure is probably the most common and 
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emerges as the deciding factor in the ultimate course of k 
surgery. To reduce mortality within the first 48 hours, 


early diagnosis, better transport systems, prompt control 
of the proximal part of the aorta, and expeditious oper- 
ation are the most important. To increase survival in pa- 
tients who survive beyond 48 hours, efforts should be di- 
rected at prevention or treatment of complications such as 
renal failure, which eventually cause the death of the pa- 
tient. Based on this principle, hemodialysis was utilized 
and the results were as encouraging as those reported by 
Stenstrom et al.” An improved survival with hemodialysis 
has also been achieved in patients suffering acute renal 
failure secondary to various other surgical causes.” 
The exact pathogenesis of renal insufficiency accom- 
panying ruptured abdominal aortic aneurysm is not yet 
fully understood. The possible precipitating mechanisms 
include hypotension, aortic cross clamping, and/or blood 
pressure fall on release of the aortic clamp. Several hy- 


potheses have been advanced to account for the develop- 


ment of renal insufficiency following clamping of the 
aorta. These include vasorenal spasms, arteriovenous 
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Rate of 
Rise of Postoperative 
BUN per Day, Day of Start- Frequency of 
mg/100 mi ing Dialysis Dialysis 


Total P 
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Dialyses Follow-Up 








Anuric 1 day 
Anuric 


et 1 day 
Anuric 1 day 
Anuric 1 day 
saki Hours 
Anuric 1 day 

Hours 


Oliguric Hours 





* Cardiac arrest preoperatively. 
t On chronic hemodialysis program. 


shunting in the kidneys, atheromatous emboli, altered 
pressure conditions in the renal arteries,’ or direct oper- 
ative trauma to renal vessels. 

The “no reflow cycle” postulated by Flores et al may be 
operative once ischemia is established. These workers 
have shown by electron microscopic slides that an initial 
cortical ischemia leads to cellular anoxia with resultant 
cellular swelling. The swollen cells, by obstructing the mi- 
crovasculature and limiting the vascular space, cause fur- 
ther impairment of blood flow and thereby aggravation of 
ischemia. In recent studies by Abbott et al,’ utilizing 
xenon Xe 133 washout technique, it was concluded that 
the deleterious changes in renal blood flow distribution 
were detected in association with aortic occlusion, which 
was progressive with time and arrested with termination 
of the oeclusion. These were manifested as renal cortical 
ischemia in the presence of only slight reduction in total 
renal blood flow. Since renal failure carries a grave prog- 
nosis, every effort should be made to prevent it. Gangre- 
nous extremities should be amputated early. Blood loss 
should be determined accurately and replaced, vasopres- 
sors should be used with caution, volume should be re- 
stored before the aortic clamp is released to avoid sudden 
hypotension; and intravenously administered mannitol 
should be used during and immediately following the op- 
eration te increase renal plasma flow and glomerular fil- 
tration. The operative procedure should proceed expedi- 
tiously to avoid prolonged aortic occlusion. The debris 
should be flushed from the aorta before circulation is 
reestablished.’ 

Supportive therapy with ethacrynic acid" or high doses 
of furosemide’ should be tried in the early postoperative 
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oliguric phase when estimated blood volume has been re- 
stored. Inconsistent results have been obtained" if these 
agents were used 48 hours after the onset of anuria when 
well established acute renal failure was already present. 

The contraindications of the use of hemodialysis were 
precarious cardiac performance, bowel infarction, non- 
viable lower extremities, recent myocardial infarction, or 
established cerebrovascular accident. The presence of ret- 
roperitoneal hematoma, gastrointestinal tract bleeding, or 
sepsis were not regarded as contraindications. Judicious 
use of regional heparinization has eliminated the most 
common complication, hemorrhage. Hypotension was fre- 
quently noted, but could be easily managed by volume re- 
placement. Other reported major complications of dialysis, 
such as encephalopathy, convulsions, and cardiac arrhyth- 
mias, were not encountered." 

The observations evolved from this review encourage 
the use of hemodialysis in the management of acute renal 
failure complicating the postoperative course of patients 
undergoing surgery for ruptured abdominal aortic aneu- 
rysm. To achieve best results, hemodialysis should be in- 
stituted before other complications occur. Construction of 
an arteriovenous fistula at the completion of the initial op- 
eration for patients most likely to suffer acute renal fail- 
ure following surgery is recommended. 
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Discussion 


Rocer D. WituiaMs, MD, Fort Lauderdale, Fla: I would like to 
discuss both of these papers very briefly. 

Our experience with some 298 patients with aneurysm during 

the past ten years may be interesting, though quite similar, to 
both of these recent reports. One hundred fifty-two, or over half, 
have been over 70 years of age, and surprisingly, the mortality of 
37% with ruptured aneurysms has been the same whether they are 
over or under 70. 

Elective mortality was twice as high in those patients over 70 
years of age, 11% compared with 5%. Since a third of both groups 
had previous myocardial infarctions and over 40% had substantial 
hypertension, we have to ascribe this difference probably to the 
acceptance of a larger number of patients with chronic renal dis- 
ease and severe or substantial pulmonary lesions. 

It is important to emphasize that not only do we need good re- 
nal dialysis, but we need a good pulmonary function laboratory 


__ and good respiratory care if we are going to keep our mortality at 


reasonable rates. 

I would like to support the conclusion of Dr. Baker and his asso- 
ciates that observation in elderly patients may be indicated, but in 
our experience we must caution that roentgenographic examina- 
tion, ultrasound, technetium Tc 99m, and repeated physical exami- 
nations are not always accurate in determining the actual size of 


aneurysm, and if you are not sure, particularly in obese patients, 
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it may be better to carry out elective operation. 

We have been a bit more fortunate than Dr. Chawla and his as- 
sociates in that hemodialysis has been available during the whole 
ten years of this study. One hundred patients with ruptured aneu- 
rysm have been seen, and 61% were over the age of 70. 

While 71 of these patients were in significant shock, more of 
them had shock during the operative procedure. 

There has been renal failure in only 17, and it is interesting that 
12 of these 17 actually had preoperative BUN value elevations. 

Surprisingly, also, we have only had three deaths that we can 
relate in any way to the renal failure. We ascribe our results not 
only to the judicious use of fluids and diuretics but, I suspect, to 
avoidance of further blood loss by very limited dissection, the use 
bf straight grafts in some 72% of our patients, and working intra- 
anéwrysmally. These patients just do not tolerate any additional 
surgical trauma. 

I agree with the excellent report from Chicago that if renal fail- 
ure is the only major complication, then these patients should sur- 
vive, but would ask the question: have they also seen a substantial 
incr@ase in the number of postoperative ventral hernias in pa- 
tients who developed uremia? 3 

Max R. Gaspar, MD, Long Beach, Calif: In our private series of 
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330 aneurysm resections, the average age is about 67 years. About | 
two thirds of the patients are over 65; so we are dealing with an © 
older population. Our elective mortality since 1970 has been 
around 5%, but we have not been able to improve our mortality for — 
ruptured aneurysms; it has stayed at 50%. We use a G suit if the — 
patient is deeply in shock. The abdomen is prepared and draped — 


with sterile towels in the emergency room, and the G suit is ap- 


plied and not removed until the patient is anesthetized, and the in- 
cision then is made immediately. It is a two-edged sword and ae 
should be used only in those patients who are deeply in shock. — 


When used in patients not in shock, the blood pressure may fall 
precipitously when the G suit is removed. 


In 1958 we published an article stating that all aneurysms over 
7 em in diameter should be resected. Smaller aneurysms occasion- 
ally rupture; so I tend to agree with Dr. Baker’s conclusions con- 
cerning resection of aneurysms less than 7.5 em in diameter. We- 


agree that patients with hypertension are a poor risk. I was sur- 


prised that patients with chronic obstructive pulmonary disease 
did not do more poorly than they did in his series. This is a very 


bad risk factor. 


`% 


the protective effect of hyper- 





I thought it was interesting that those with peripheral obstruc- 


tive disease did not do so well. As you know, most people with ab- 
dominal aortic aneurysms tend to have large arteries, but an occa- 


sional patient will also have obstructive disease in the iliac | BS 


arteries. We recently reported a group of such patients in which 


the aneurysm thrombosed. It is as lethal as a ruptured aneurysm. 
This was a very good paper, and I tend to agree with the conclu- ie. 
sions. I would like to ask what is done when a patient has a carotid 


lesion. Do you deal with the carotid lesion or the aneurysm first? 
GEORGE J. REUL, MD, Houston: We have recently reviewed the 
last 20 years’ experience in the surgical treatment of ruptured ab- 


dominal aneurysm at the Texas Heart Institute. Our results are 


somewhat more favorable. We have operated on 87 patients, with 
a mortality of 21%. Recent operative mortality is even lower. 
Forty percent of the patients were in shock on admission. Most 
patients had rupture into the free peritoneal cavity. 

Following surgical repair, 18 patients developed acute renal 
failure. Five of these patients died because of renal failure early 
in the series prior to the use of hemodialysis. The other 13 patients 
also had hemodialysis and were long-term survivors. Early hemo- 
dialysis played an important role in their recovery. 


In our experience, important factors in the prevention of renal : 


failure following repair of ruptured aortic aneurysm are limita- 


tion of renal ischemic time, avoidance and treatment of hypoten- 


sion, and the use of heparin and mannitol prior to occlusion of the 


aorta. Another critical factor that has not been stressed is the pre- — 
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houle i irine Torat or done deaths aneurysm and ap- 
oe flushing should be done. Sutures in the proximal anasto- 
eons rika be carefully placed, avoiding the orifices of the renal 
BE arteries. After the anastomosis is completed, palpation of bilat- 
a ra Ten artery pulses i is essential. In some instances, renal ar- 
_ tery bypass may be necessary. 
„Furthermore, if there is no renal output in the first few hours 
following surgery, renal artery occlusion should be suspected and 
an aortogram may show occlusion of the renal arteries. We have 
! d this on a few occasions and have performed renal ar- 
ry bypass or embolectomy or both successfully in the immediate 
Y p ostoperative period. 
ei I would like to ask the authors, then, if these measures were 
_ tak n and if there was any autopsy evidence of renal artery occlu- 
sion in the patients who died of renal failure? 


i of the last seer a atieatisn. 

e all recognize that a certain number of patients with rup- 
‘ed 1 aneurysm are admitted with so-called contained rupture. 
\ “ay seen from 12 to 24 hours after the bleeding episode 





























vito Pena 
Rese i genta to sk w a | 
judgment in making a decision f in patients tits may 
have established renal shutdown with th eontained rupture of the an- 
eurysm. 

Dr. ZIFFREN: We want to thank the discussants. In answer to 
Dr. Williams, we have found that ultrasound has been very re- 
liable in following the measurement of the patient’s aneurysm. As 
for Dr. Gaspar, we have not used the G suit. It sounds very inter- 
esting. We do operate on patients with carotid lesions before we 
do the aneurysm. 

Dr. Dye: I think Dr. Reul has hit on one of the crucial points in 
the prevention of this complication. We have done renal artery by- 
passes during surgery for ruptured aneurysms but not on very 
many occasions. I think some of our deaths have occurred in pa- 
tients where attention was not paid to the renal artery at the time 
of surgery. I am sure this is extremely important. 

In regard to getting control of the aorta, we also minimize the 
dissection. I think most surgeons’ techniques are fairly standard 
in this respect. 

Our patient population comes from communities outside Chi- 
cago, since we have so many well-trained vascular surgeons in the 
city. We are, therefore, faced continually with the problem of pa- 
tients who are delayed for surgery. 

I have not seen the ventral hernia problem that Dr. Williams re- 
lates. 
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Acute Perforated Duodenal Ulcer 


An Evaluation of Surgical Management 


John L. Sawyers, MD; J. Lynwood Herrington, Jr., MD; Joseph L. Mulherin, Jr., MD; 


William A. Whitehead, MD; Bharat Mody, MD; John Marsh, MD 


The surgical management of acute perforated duodenal ulcer has 
been evaluated in 360 patients. Simple closure was done in 254 pa- 
tients, with a mortality of 6.7%, a morbidity of 21%, and an average 
hospital stay of 11.9 days. In 106 patients (29%) who underwent de- 
finitive operation for treatment of duodenal ulcer disease at time of 
perforation, the mortality was 2.8%, the morbidity was 15%, and the 
average hospital stay was nine days. 

Foliow-up studies of simple closure in patients with no previous ul- 
cer symptoms showed that 72% of the patients remained asympto- 
matic; in patients with previous ulcer symptoms, only 23% were 
asymptomatic. Definitive operation for acute perforation is indicated 
in good-risk patients who have a history of ulcers. Parietal cell vagot- 
omy and simple closure was used in four patients with excellent 
early results. 


hile surgical rather than medical management is 

generally accepted for the treatment of perforated 
duodenal ulcer, controversy exists between the proponents 
of simple closure and surgeons who advocate a definitive 
operation to control the ulcer diathesis at the initial oper- 
ation for treatment of the acute perforation. A report 
from this institution in 1955' showed that simple closure 
of perforated duodenal ulcer had only a one in four chance 
of being completely and permanently free of symptoms. 
Approximately 25% of patients required a second oper- 
ation, and about half continued to have ulcer symptoms 
requiring intensive medical therapy. Definitive operation 
as initial management for perforated duodenal ulcer was 
not being used at our hospital during the period covered 
by that report. However, definitive operation is now advo- 
cated by many surgeons.” 

This review was done to evaluate our experience with 
the surgical management of perforated duodenal ulcer 
during the past 20 years and to attempt to formulate 
guidelines for the management of these patients. 
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PATIENTS 


The 360 patients included in this report were operated on for 
perforated duodenal ulcer at the Nashville Metropolitan General, 
St. Thomas, and Vanderbilt University hospitals between 1954 
and 1973. Patients with perforated gastric uleers were not in- 
cluded. Two hundred eighty-four patients were men and 76 were 
women. Ages ranged from 19 to 91 years. A known peptic ulcer or 
typical peptic ulcer symptoms had been present in 228 patients 
(63%) prior to perforation. Most patients were seen within three to 
six hours after the onset of symptoms, although approximately 5% 
were first seen by a surgeon one to three days after perforation. 

One hundred eighty-one patients (50%) noted prodromal onset 
of epigastric symptoms or worsening of their already existing ul- 
cer symptoms prior to perforation. The classic “ board-like” abdo- 
men was present in 79% of patients, with tenderness being de- 
scribed as generalized in 81% and localized in 19%. Rebound 
tenderness was elicited in 98%. Bowel sounds were absent in 60%, 
diminished in 30%, and normal in 10% of the patients. Pneu- 


Fig 1.—Types of definitive operation performed for acute perfora- 
tion of duodenal ulcer in 106 patients. 
at 
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i Fig 2.—Follow-up results in patients with perforated duodenal ul- 
¿Cer treated by simple closure of perforation. 










= moperitoneum was shown by abdominal x-ray films taken in the 
upright position in 71% of the patients. 

_ In 254 patients, treatment consisted of simple closure of the 
_ duodenal perforation, while in the other 106 a definitive ulcer op- 
~ eration was performed. The types of definitive operations are 
listed in Fig 1. Vagotomy and antrectomy has been the elective 
_ operation of choice for the surgical treatment of duodenal ulcer 
j _ for the past two decades in our medical institution, and was used 
in 57% of the patients. 


RESULTS 


_ The overall mortality was 5.5%, with the majority of 
| deaths being directly attributable to complications of ad- 
| vanced age or associated illnesses. Postoperative compli- 
cations developed in 69 of 360 patients (19%). 

E Seventeen deaths occurred in the 254 patients who had 
_ simple closure of their perforations (6.7%). All of the oper- 
_ ative deaths were associated with either advanced age 
= (nine patients) or associated serious illness and/or mori- 
_ bund status on admission (eight patients). Serious postop- 
= erative complications developed in 53 patients (20.8%). 
_ Respiratory complications were the most frequently en- 
= countered postoperative problem. The average length of 
hospitalization for patients treated by simple closure of 
their perforated duodenal ulcer was 11.9 days. 

There were three postoperative deaths (2.8%) in the 106 
patients who had definitive ulcer operations. All three pa- 
E, tients died of renal failure, and all three had had a vagot- 
_ omy and drainage operation. The ages of these patients 
$ were 56, 72, and 82 years. Sixteen patients developed seri- 
ra ous postoperative complications (15.1%). Two patients de- 
veloped gastric fistulas and one had postoperative bleed- 
`. ing from his gastric suture line. The average length of 
___ hospitalization for patients undergoing a definitive oper- 
ation for their perforated duodenal ulcer was 9.0 days. 

Follow-up studies ranging from six months to 20 years 
are available in 184 of 254 patients (73%) who had simple 
closure. Thirty-six percent of these patients have been 
asymptomatic, and 37% have had to have a subsequent de- 
_ finitive surgical procedure for control of their ulcer dis- 
-~ ease. The remaining 27% have had recurrent symptoms 
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Fig 3.—Follow-up results in patients having prior ulcer symptoms 
before perforation; subsequent definitive operation was necessary 
in 42%. 


that were managed by medical therapy (Fig 2). 

In patients with a preexisting history of ulcer disease 
treated by simple closure, 23% have remained asympto- 
matic while 42% have required reoperation and 35% have 
had symptoms of varying severity managed medically 
(Fig 3). In the patients with no history of ulcer disease, 
72% have remained asymptomatic following simple clo- 
sure of their perforation, 8% have had recurrence of symp- 
toms with medical management, and 20% have required a 
definitive operation for control of recurrent ulcer symp- 
toms (Fig 4). 

Follow-up studies are available in 86% of the patients 
who had a definitive ulcer operation at the time of acute 
perforation. Sixty-eight percent of the patients have re- 
mained asymptomatic and are classified as having excel- 
lent results. Twenty-eight percent have been classified as 
having satisfactory results. These patients have no symp- 
toms of peptic ulcer disease but do have occasional dys- 
pepsia or mild postgastrectomy sequels. Dumping symp- 
toms requiring strict dietary restrictions or medical 
therapy were responsible for unsatisfactory results in 4% 
of these patients. Overall results have been excellent or 
satisfactory in 96% of patients (Fig 5). No patient has de- 
veloped a recurrent ulcer or has required subsequent gas- 
tric surgery for any reason. 


COMMENT 


Nonoperative treatment for perforated duodenal ulcer, 
proposed in England by Taylor’ and in this country by 
Seeley,® has not been used by us and is now seldom advo- 
cated by surgeons writing about the management of per- 
forated duodenal ulcer. There may be a rare patient, seen 
days after an acute perforation has spontaneously sealed 
in whom surgical intervention is not immediately ind 
cated, but almost all of our patients with perforated 
duodenal ulcer are treated by emergency operation, after 
adequate evaluation and preoperative preparation con- 
sisting of nasogastric suction, correction of hypovolem%a 
and electrolyte imbalance, and initiation of antibiotic 
therapy. $ 
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Fig 4.—Follow-up results in patients with no prior ulcer symptoms 
before perforation; subsequent definitive operation was necessary 
in 20%. 


A variety of surgical procedures are used for the treat- 
ment of patients with acute perforated duodenal ulcer. 
Simple closure of the perforation reinforced with a patch, 
as advocated by Graham,’ has been used for years with a 
relatively low morbidity and mortality if the patient is op- 
erated on early after the perforation occurs. Simple clo- 
sure has been established as the standard procedure for 
comparison of other operations. Definitive surgical proce- 
dures should afford the patient better long-term results 
with no increased risk if they are to be used in the treat- 
ment of perforated duodenal ulcer. 

The first large experience with definitive operation for 
perforated duodenal ulcer was by Yudine’ in 1939, who re- 
ported more than 900 patients treated by immediate gas- 
tric resection and a mortality of 8.9%, which was about 
half the mortality for simple closure at that time in this 
country. DeBakey’s® review of the literature in 1940 re- 
vealed a mortality of 26% for simple closure versus a 13.4% 
mortality for primary resection in patients with perfo- 
rated peptic ulcer. Jarrett and Donaldson’s’® recent review 
of the literature tabulates mortality results of definitive 
operation versus primary closure. In all their reviewed ar- 
ticles the mortality for definitive operation was much 
lower than the mortality after primary closure alone. 

Such reports have influenced surgeons to use definitive 
operations as initial operative treatment in patients with 
acute duodenal ulcer perforation. Our study indicates 
greater use of definitive operation since 1965. This in- 
crease in definitive operation appears justified since our 
overall mortality is 2.8% for definitive operation versus 
6.7% for simple closure. In general, definitive operation 
was done in better-risk patients, and direct comparison of 

*mortality is suspect. The patient with delay in diagnosis, 
leading to prolonged time elapse from perforation to oper- 
ation, was usually subjected only to simple closure. 

The decision to proceed with definitive operation in our 
series of patients was usually based on the general health 
of the patient, prior history of duodenal ulcer disease, and 
absence of excessive peritoneal soiling at operation. The 
interval between acute perforation and operation has 
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Fig 5.—Follow-up results in patients who had definitive operation 
as initial treatment for perforated duodenal ulcer; excellent or satis- 
factory results were obtained in 96%. No patient has required sub- 
sequent operation for peptic ulcer disease. 


been alleged to reflect the mortality.’ A golden period of 
up to 12 hours between perforation and operation exists 
beyond which definitive operation for perforated ulcer 
would not be done because of fear of intraperitoneal infec- 
tion. We would agree with Mark" that this concept is too 
rigid. The history is frequently unreliable regarding the 
time of perforation. Furthermore, there is no evidence 
that the incidence of positive cultures increases with the 
time from perforation. Hamilton and Harbrecht” re- 
ported fewer positive intraperitoneal cultures in patients 
operated on more than 24 hours after perforation than in 
those patients operated on less than six hours after the 
onset of perforation. The general condition of the patient 
prior to perforation and at the time of operation, as well 
as the gross appearance of peritoneal contamination at 
the time of operation, are better guides than the time 
elapsed from perforation to operation in determining the 
wisdom of using definitive operation. 

The type of definitive surgical procedure did not appear 
to influence the patient’s outcome. The three patients in 
our series who died after definitive operation had under- 
gone truncal vagotomy and pyloroplasty, an operation re- 
ported to have a lower mortality than vagotomy and an- 
trectomy, which was used in the majority of our patients 
with definitive operation. These patients died of renal 
failure. Whether they could have been saved by using 
simple closure of their perforation is unknown. We do ad- 
vocate simple closure in patients whose general condition 
is poor prior to perforation and in whom there is extensive 
soilage of the peritoneum from perforation. 

No recurrent ulcer developed in any patient following 
definitive operation. Our past experience with vagotomy 


and antrectomy suggests that this operation would pro- 


tect against recurrent ulcer. In 3,584 patients undergoing 
vagotomy and antrectomy, the ulcer recurrence rate was 
0.6%. The only prospective, randomized study using dif- 
ferent types of definitive operation for management of 
acute perforation was reported by Korompai and Jordon." 
They reported 50 patients divided by randomization in 
two treatment groups: (1) vagotomy with drainage and (2) 
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= Fig 6.—Parietal cell vagotomy used in four patients as initial de- 
= finitive treatment for perforated duodenal ulcer: perforation is 

= closed, then parietal cell vagotomy without drainage is performed. 
Results so far have been excellent. 


vagotomy with antrectomy. Postoperative complications 

were fewer in the antrectomy group, and it was concluded 
_ that vagotomy and antrectomy is the operation of choice 
_ for definitive treatment of perforated duodenal ulcer. 

= Parietal cell vagotomy, which was done in four of our 

= patients as a definitive operation, has given excellent 
= early results. The follow-up is short (only one year), but 
= the addition of parietal cell vagotomy to simple closure of 
_ the perforated ulcer appears to have controlled the ulcer 
= diathesis, and is accompanied by less morbidity than other 
= definitive ulcer operations. The operation is diagramed in 
Fig 6. After simple closure of the perforated duodenal ul- 
` cer, the peritoneal cavity is thoroughly irrigated with sa- 
bs line. Parietal cell vagotomy is then performed as de- 
-scribed by Amdrup et al. The antral-parietal cell border 
is determined by the anatomical appearance of the 
' “erows-foot” where the anterior nerve of Latarjet enters 
the antrum. The dissection proceeds cephalad, completely 
freeing the lesser curvature of the stomach up to and in- 
-~ cluding the lower 5 cm of abdominal esophagus. This di- 
= vides all vagus nerve fibers innervating the parietal cell 
mass, but preserves vagal innervation of the antrum and 
pylorus. 

The incidence of dumping and diarrhea is much less af- 
ter parietal cell vagotomy than after other operations for 
the treatment of duodenal ulcer. Our early favorable ex- 
= perience with parietal cell vagotomy may cause us to 
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broaden our indications for definitive operation for acute 
perforation. The advantages of parietal cell vagotomy 
over other definitive operations are minimal morbidity, af- 
ter operation and a reduced incidence of sequels from the 
“postgastrectomy syndrome.” 

Based on this review, we believe that simple closure of 
perforated ulcer remains the treatment of choice for pa- 
tients who are in poor general condition prior to perfora- 
tion and for patients with gross contamination of the 
peritoneal cavity from perforation. Simple closure is also 
advocated for patients having no prior ulcer symptoms, as 
72% of these patients remained asymptomatic. If long- 
term evaluation of parietal cell vagotomy indicates that 
this operation can control the ulcer diathesis, we may wish 
to add this procedure to simple closure in patients without 
gross peritoneal soilage. Definitive operation consisting of 
vagotomy with antrectomy or vagotomy and drainage 
should be used for good-risk patients with a history of ul- 
cers. Only 28% of our patients with previous ulcer symp- 
toms remained asymptomatic after simple closure for 
acute perforation. Patients who had definitive operation 
for acute perforation did well, with follow-up results 
graded as excellent or satisfactory in 96%. 
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Management of the Recurrent Ulcer i 


S. Martin Lindenauer, MD, Thomas L. Dent, MD 


One hundred seventeen patients with recurrent ulcer were treated 
at the University of Michigan Medical Center. The most satisfactory 
results were obtained when vagotomy was employed in the surgical 
therapy. Seventy-one of 91 patients treated by operation had a satis- 
factory result. In nine patients a second operation was required, and 
three patients underwent a third operative procedure. Twenty-one 
additional patients were satisfactorily treated medically so that, over- 
ali, 92 of 117 patients (79%) had a good result. Twelve patients had 
residual symptoms and 13 were lost to follow-up. There were no 
deaths attributable to recurrent ulcer in the entire series. 


Pacem of the recurrent peptic ulcer is a contro- 
versial and, at times, a vexing problem. It is a prob- 
lem of considerable magnitude if one remembers that ap- 
proximately 3 million people will develop a peptic ulcer 
each year in the United States. Approximately 25% of 
them will require surgical therapy and, therefore, 750,000 
operations for peptic ulcer will be performed in this coun- 
try annually. If 10% of these patients develop a recur- 
rence, there will be an estimated 75,000 patients with a re- 
current ulcer to deal with each year. The purpose of this 
article is to evaluate the results of such efforts at a large 
referral institution. 


PATIENTS 


During the period 1955 to 1965, 117 patients were treated at the 
University of Michigan Medical Center for recurrent peptic ulcer 
disease. The primary operations reflect the commonly performed 
procedures in our area during this period: subtotal gastrectomy, 
72 patients; gastroenterostomy, 24; vagotomy and pyloroplasty, 
nine; vagotomy and gastroenterostomy, six; vagotomy and ant- 
rectomy, six. All primary operations were done for duodenal ulcer. 
Recurrence rates cannot be inferred from these figures because 

e the total number of operations performed in each category is not 
kngwn; most patients were referred to the Medical Center after 
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having had their primary operation performed elsewhere. A diag 
nosis of recurrence was made either at operation, by roentgen- Ia 
ographic examination of the upper gastrointestinal tract, gastros- _ 
copy or, in a few instances, on clinical grounds alone. There were — 
103 men and 14 women. The average age was 48.8 years. In many 
prior reviews of this subject, the most common primary operation | on 
was gastroenterostomy, the second most common primary oper- — 
ation in this series. The average time intervals from original oper- 
ation to the diagnosis of recurrence were as follows: gastroenter- 
ostomy, 10.7 years; vagotomy and gastroenterostomy, 3.8 years; a 
subtotal gastrectomy, 2.8 years; and vagotomy and pyloroplasty, — 
2.1 years. In general, this corresponds to the intervals described “i 
by others.: The only primary operation that appears to be associ- — 
ated with a lengthy interval of recurrence is gastroenterostomy, 
in which recurrence may occur up to 30 years after the original 
procedure. 

Initial signs and symptoms were as follows: pain, 87 EERE 
hemorrhage, 80; obstruction, seven; perforation, two; and gastro- 
jejunocolic fistula, one. While pain and hemorrhage are most com- 
mon, the pain may often be atypical and may make diagnosis dif- 
ficult. The bleeding from a recurrent ulcer is not often massive 
and seldom is an emergency operation required for the control of 
hemorrhage. While 80 patients experienced bleeding, only three 
were operated on emergently. The virtual disappearance of gas- 
trojejunocolic fistula is similar to the experience of others.** Such 
a fistula usually occurs following gastroenterostomy and, withthe 
demise of gastroenterostomy as a definitive operation, there has | 
been a remarkable decline in its occurrence. 

The diagnosis of recurrent peptic ulcer is indeed difficult u 
should be considered in any patient with pain or hemorrhage or 
both following an operation for peptic ulcer disease. The prame 
of large amounts of free acid or a positive Hollander test follow- 
ing a primary operation that included vagotomy is further HRE 
gestive evidence of recurrent ulcer disease. 

Contrast study of the upper part of the gastrointestinal tract, 
while important, has proven to be less helpful than in patients 
with primary ulcer disease. One hundred thirteen patients under- 
went barium study of the upper part of the gastrointestinal tract. 
The results of 65 were considered abnormal, 33 nermal, and in 15a 
definitive statement could not be made by the radiologist. There 
were 57 patients in whom the presence of recurrent ulcer could be 
verified at operation. The results of the gastrointestinal tract H 
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roentgenographic examination were abnormal in 36 of 49 patients 
with an ulcer proven at operation and normal in nine, yielding a _ 
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false- -neg entger ographic study in 18%. Four patente oper- 
ated ¢ ne m Borenius and yrik to have a recurrent ulcer did not 
s ergo gastrointestinal tract barium examination. There were 

ght patients i in whom no ulcer was identified at operation, and 

e of these had abnormal results of a roentgenographic examina- 
pe of the upper part of the gastrointestinal tract and in three 
Ar results were normal. 

It is possible that among the patients with a false-positive gas- 
_ trointestinal tract barium study the ulcer may have been correctly 
F identified but healed in the interval between examination and op- 

eration. 
A _ Repeating the gastrointestinal tract contrast study proved to be 
_ of value in a number of patients in whom the initial examination 
_ results were normal or unsatisfactory. 
_ The introduction of fiberoptic gastroduodenoscopy has proven 
Bs to be of great value in the diagnosis of recurrent ulcer disease 
pod in all likelihood, the incidence of false-positive and false-neg- 
ative examinations will decrease substantially among patients 
pentiected to this diagnostic study. 
a H TREATMENT AND RESULTS 
Definitive treatment was medical in 26 of the 117 pa- 
tients (22%). Seventy-nine patients required one oper- 
a ation, nine patients required two operations, and three pa- 
“t ients required three operations for definitive control of 
their uleer diathesis. 
pal treatment was attempted in 46 patients and 
s satisfactory in 21 (46%). In 20 patients, medical treat- 
om ment was a failure and operation was required, while five 
tients were left with residual symptoms not severe 
€ eni enough to require operation. The relationship between the 
ie tcome of medical treatment and the gastrointestinal 
€ roentgenographic examination is outlined in Table 1. 
It [t is gor interest that satisfactory medical treatment was 


+ ae 
E 


most often associated with normal gastrointestinal con- 
; m as st study results, while patients in whom medical ther- 
py was a failure usually had equivoeal results. 
ai The relationships between the results of medical treat- 
m ent and the primary operation are displayed in Table 2. 
Tre eatment was almost always successful following vagot- 
o ny and drainage, whereas it was more often a failure 
following subtotal gastrectomy and gastroenterostomy. 
K -There were no deaths following medical treatment, 
E which i is in contrast to previous studies in which medical 
bt eatment was associated with an 11% to 15%*° mortality. 
Follow-up was obtained for 104 patients (89%) for an 
average of 4.8 years. In this study a satisfactory result 
was interpreted as complete relief of symptoms. Failure 
was interpreted as persistence of the recurrent ulcer or a 
second recurrence. The 13 patients who were lost to fol- 
Ee were classed as indeterminate. 
Surgieal treatment is best considered in terms of the 
A primary operations performed. 
q _ Among the 72 patients in whom a subtotal gastrectomy 
_ was the primary operation, 13 were treated medically and 
_ 59 patients underwent 64 operations (Table 3). The best 
_ results followed vagotomy and resection, with one failure 
_ among 28 attempts. The next best was vagotomy alone, in 
p: which four failures were noted among the 29 patients who 
Be had either a transthoracic or abdominal vagotomy. Resec- 
_ 
Bas. 
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Table . 1 Abesua of M Medical Widkenbnk ants eee 
Gastrointestinal Tract Roentgenographic Examination © 



































































Asymptomatic l 21 (18%) 
Abnormal roentgenograms 5 
Normal roentgenograms 13 
Equivocal roentgenograms 3 

Failure (operation) 20 
Abnormal roentgenograms 5 
Normal roentgenograms 3 
Equivocal roentgenograms 12 

Residual symptoms 5 
Abnormal roentgenograms 3 
Normal roentgenograms 2 

Total 


Table 2.—Results of Medical Treatment for Recurrent 
Ulcer in 46 Patients 


Primary No. of Satis- Residual 
Operation Patients factory Symptoms Failure 


Subtotal gastrectomy 26 10 3 13 
Gastroenterostomy 13 5 1 
Vagotomy & drainage 1 

5 


7 
0 
Total 20 


Table 3.—Results of Surgical Treatment for Recurrent 
Ulcer Following Subtotal Gastrectomy in 59 Patients 


No. of 
Opera- 
tions 


Residual 
Symp- Fail- 
toms ure 


Inde- 
termi- 
nate 


Satis- 
factory 


Operation for 
Recurrence 


Vagotomy & gastric 


resection 28 22 2 1 3 


Transthoracic 
vagotomy 20 11 
Abdominal vagotomy 9 
Gastric resection 6 
Parathyroidectomy 1 
64 


Total 41 


tion alone seemed to be the least satisfactory form of 
treatment, with three failures among six patients. 

There were 24 patients who had gastroenterostomy as 
the primary procedure. While six were satisfactorily 
treated by nonoperative means, 18 patients required 27 
operations for control of their ulcer disease (Table 4). The 
best results followed vagotomy and resection, in which 
there were two failures among ten attempts. The least 
satisfactory treatment appeared to be resection alone, in 
which there were six failures among 14 attempts. 

There were 21 patients who had vagotomy and a “drain- 
age” procedure as the primary operation. Seven were ade- 
quately treated medically and 14 patients underwent 15 
operative procedures (Table 5). The “drainage” procedure 
consisted of pyloroplasty in nine, gastroenterostomy in &, 
and antrectomy in six. The numbers are small and cannot 
be adequately evaluated. Essentially all the patients did 
well, with only one failure among the 15 procedures. The 
most common procedure performed was transthoracic va- 
gotomy. 

The total experience with the surgical treatment of re-e 
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1 4 Table 4.—Results of Su rgical Treatment for Recurrent 
| Ulcer Following Gastroenterostomy in 18 Patients 









No. of Residual Inde- 
> ae for Opera- Satis- Symp- Fail- termi- 
Recurrence tions factory toms ure nate 
Vagotomy & gastric 


resection 
Gastric resection* 
Transthoracic 
vagotomy 2 2 
Vagotomy & 
pyloroplasty 


















* Subtotal (75%) gastrectomy and Billroth II anastomosis. 


Table 5.—Results of Surgical Treatment for Recurrent 
Ulcer Following Vagotomy and a “‘Drainage”’ 
Procedure in 14 Patients 


No. of Residual Inde- 

Operation for Opera- Satis- Symp- il- termi- 

Recurrence tions factory toms ure nate 
Transthoracic 


vagotomy 6 


6 

Gastric resection 4 3 
Vagotomy and gas- 

tric resection 
Pyloroplasty 
Vagotomy & gastro- 

enterostomy 
Total 





current ulcer disease is summarized in Table 6. 

It is apparent that vagotomy and gastric resection or 
vagotomy alone appear equally effective. In the vagotomy 
and resection group there were three failures among 40 
attempts (7.5%) and with transthoracic vagotomy, two 
failures among 28 attempts (7.1%). Resection alone faired 
poorly, with nine failures among 24 attempts (37.5%). 
Overall the failure rate was 17%, while a satisfactory re- 
sult was obtained in 68 of the 106 procedures (64%). Sixty- 
one of 91 patients (67%) were satisfactorily treated by one 
operation. An additional seven were satisfactorily treated 
by a second operation and three by a third operation, 
yielding a combined satisfactory surgical treatment rate 
of 78%. Twenty-one additional patients were satisfac- 
torily treated medically, so that, overall, 92 of 117 patients 
(79%) had a good result. Seven patients following surgical 
therapy and five patients following medical therapy had 
residual symptoms of the upper part of the gastrointesti- 
nal tract (10%). The results in 13 patients (11%) were inde- 
terminate since they were lost to follow-up. Among the 12 
patients with residual symptoms, two had severe dumping 
requiring further surgical therapy. In one a gastrojeju- 
ostomy was converted to a gastroduodenostomy, and in a 
second an isoperistaltic jejunal limb was interposed be- 
tween stomach and duodenum with satisfactory relief of 
symptoms in both patients. 

el here were no operative deaths following treatment for 
a recurrent ulcer in the entire series. During the follow-up 
period of the study, one patient died of a myocardial in- 
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Table 6 Results = Surgical Treatment of "AR 
Recurrent Ulcer in 91 Patients 






















No. of Residual 
Operation for Opera- Satis- Symp- Fail- ' p 
Recurrence tions factory toms ure | 
bap da & gastric 
resection 3 
Transthoracic 






vagotomy 3 2 
Gastric resection z 9 9 
$ 
Vagotomy & gastro- ‘ 
enterostomy ne die wal | 










Vagotomy & 
pyloroplasty 1 A pee 1 


Parathyroidectomy 


Table 7.—Results of Operation for Recurrent Ulcer 
With and Without Vagotomy . 


No. of 
Operation for Opera- Satis- 

Recurrence tions factory 
With vagotomy 79 56(71%) 
Without vagotomy 27 12 (44%) 












Symp- Fail- 
toms ure 
6 





































farction one year postoperatively, one died of a primary — 
hepatic tumor three years postoperatively, and a ior | 
died of a bronchogenic neoplasm ten years postopa 
tively. 


COMMENT 


The most important complication following operations 
for peptic ulcer disease is recurrence of the ulcer. While 
such ulcers may occur adjacent to the margin of a gastric 
resection (“marginal ulcer”) or at the gastrojejunostomy — 
stoma (“gastrojejunal ulcer,” “stomal ulcer”), such no- 
menclature, while colorful, confuses the issue by inferrin; 5 i 
that these are new or different. Recurrent peptic ulcers oc- ] 
cur in the duodenum and stomach, and perhaps it is more 
accurate to refer to all of them as recurrent ulcers, The in- — 
cidence of recurrence following various ulcer operations i By 
controversial and the factors related to the incidence of — 
recurrence are complex and beyond the scope of this in- 
quiry. 

The diagnosis of recurrent ulcer has been difficult bel 
cause of the sometimes atypical discomfort and the dimin- e 
ished reliability of barium contrast study when the normal 
upper part of the gastrointestinal tract anatomy has been 
altered by a prior surgical procedure. This has been par- 
ticularly troublesome when a pyloroplasty has been per- 
formed. However, the use of the fiberoptic gastroduode- — s 
noscope, particularly in the hands of the surgeon familiar 4 
with gross pathologic anatomy, has almost entirely ob- — 
viated the problems previously encountered in diagnosis. 

The Hollander insulin test should be performed in all _ 
patients in whom a vagotomy was part of the original op- 
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rative procedure. Unfortunately, this was done in only 
et en patients in this series but it was positive in nine of the 
“a - ten patients studied. While a positive insulin test usually 
-indicates an intact major vagal trunk, Fawcett et al° could 
x not find a major trunk in 15% of patients who underwent 
Be hominy surgery for recurrent ulcer following vagot- 
_ omy and drainage and they noted a 30% incidence of posi- 
_ tive tests following a second vagotomy. Kronberg’ also 
a noted macroscopic evidence of vagal trunks in only 74% of 
_ patients with a positive insulin test. While it is apparent 
_ that a positive insulin test does not always signify a re- 
= current ulcer, its presence is strongly suggestive, espe- 
ah cially when associated with symptoms of a recurrent ulcer. 
: 33 It is of interest to note that nonoperative treatment 
= was entirely satisfactory in 21 of the 46 patients in whom 
_ it was tried and was the definitive modality of treatment 
_ for 26 of the 117 patients studied (22%). This is very sim- 
_ ilar to the 27% reported by Andros et al.? The association 
Bs of satisfactory medical therapy with recurrence following 
BN: _ vagotomy and drainage noted in this study is interesting 
_and is at variance with Jaffe et al,‘ who noted great diffi- 
culty in treating recurrence after vagotomy and drainage. 
While of limited value, medical therapy should be tried in 
_ those individuals with symptoms of recurrent ulcer that 
cannot be clearly delineated by barium study or endoscopy 
F or in whom the primary procedure was vagotomy and 
_ drainage. In this study, this could be accomplished with no 
& added risk since there was no mortality associated with 
" nonoperative therapy. 
= In general, the plan of treatment has to be individ- 
a - ualized. One should look for endocrine abnormalities, such 
-as polyglandular adenomatosis, hyperparathyroidism, and 
| E  Zollinger-Ellison tumors. 
= The importance of vagotomy in the surgical therapy of 
_ marginal ulcer is well demonstrated in this study (Table 
m. Perhaps the only important question to answer is 
= whether the vagotomy should be transthoracic or trans- 
= abdominal and accompanied by gastric resection. 
_ Following gastric resection, if there is no evidence of re- 
| tained antrum, if the resection has been adequate, and if 
_ there is a normally functioning stoma with no outlet ob- 
ag struction, then transthoracic vagotomy is probably the 
È: procedure of choice. In this study, transthoracic vagotomy 
= was as effective as vagotomy and resection and is proba- 
bly assoeiated with less morbidity and mortality.» 
If one is unsure of retained antrum, if there are oth- 
d er associated problems requiring abdominal exploration, 
such as hemorrhage or perforation, or if there is gastric 
outlet obstruction, or a large ulcer, then resection and ab- 
_ dominal vagotomy is the treatment of choice. The diffi- 
culty in accomplishing a second abdominal vagotomy has 
Be perhaps been overestimated. Most often it can be done 
= with little difficulty. If there are symptoms of gastric out- 
let obstruction or a large ulcer, then resection is manda- 
tory since stricture formation and further outlet obstruc- 
tion often occur following healing of the ulcer. 
Following a gastroenterostomy, the best treatment on 
the basis of this study appears to be resection (antrec- 
tomy) and vagotomy. If the gastroenterostomy is an ap- 
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propriate one with a short afferent limb, with no obstruc- 
tion and dependent placement of the stoma, then one 
might consider transthoracic vagotomy. However, this 
should be approached with caution and perhaps reserved 
for the poor-risk patient, since the experience of others 
with vagotomy without resection has not been good.» 

Following vagotomy and pyloroplasty or vagotomy and 
gastroenterostomy, if the adequacy of gastric drainage is 
uncertain or is inadequate or if there is active hemor- 
rhage, then resection and a second abdominal vagotomy is 
the procedure of choice. If the vagotomy appears to be 
complete, then certainly resection and search for a Zoll- 
inger-Ellison tumor should be done. In the presence of an 
incomplete vagotomy with an adequate drainage proce- 
dure, then transthoracic vagotomy is perhaps more appro- 
priate. 

Following vagotomy and antrectomy, the most common 
problem is an incomplete vagotomy, and transthoracic va- 
gotomy will usually deal with this adequately. However, if 
one is unsure of retained antrum in continuity with the 
duodenum or if there is obstruction, perforation, or hem- 
orrhage, then resection and abdominal vagotomy is indi- 
cated. If the vagotomy is complete, then one must be sure 
that retained antrum is not present or one is not dealing 
with a Zollinger-Ellison tumor and then proceed with a 
further gastric resection. 
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Discussion 


WILLIAM REMINE MD, Rochester, Minn: I will confine my re- 
marks to the paper by Dr. Sawyers. 

I reviewed this manuscript and it is very fine, an excellent 
series. Our figures correspond very closely to their findings with 
regard to recurrence. In a report of a few years ago, we found 
that 50% of those patients who had primary closure of the ulcer 
with no other treatment came to surgery at a later date. Half of 
the remaining patients had severe ulcer disease, but refused sur- 
gery. We believe that there is a very definite place for definitive 
surgery at the time of operation if it is feasible. 

The idea of selectivity should be stressed because I do not think 
there is any one definite procedure that should always be p&r- 
formed. It depends a great deal on the selection of the patient, the 
amount of time that has gone by since the perforation occurred,®* 
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and the amount of soilage. 

In a series that we reported a few years ago, a very highly se- 
lected series, I admit, there were no deaths in that series with re- 
section, and the percentage of complications postoperatively cor- 
responded almost exactly to those patients who had an elective 
procedure for duodenal ulcer. 

Their mortality of 6.7% with closure was compared to 2.8% with 
a definitive procedure. You will get a higher operative mortality in 
the more difficult cases, and they are usually the ones that have 
the most conservative procedure, so that figure has to be looked on 
with great care. 

The idea of parietal cell vagotomy seems a very rational and in- 
triguing approach. 

I think the number is extremely small and the follow-up is much 
too short to derive any material of statistical significance from 
this. It is something that needs to be observed for a long time, but 
it is a very valid thought and should be followed, and perhaps pur- 
sued, with a great deal of care. 

Remember, though, that it took us a long time, 20 or 25 years, to 
find out that just simple gastroenterostomy was not a very good 
operation. 

Davin B. HinsHaw, MD, Loma Linda, Calif: I will confine my re- 
marks to the paper that was so beautifully put together by Drs. 
Sawyers and Herrington. 

On our various surgical services over the past 19 to 20 years, we 
have had a cumulative experience of over 300 cases of vagotomy 
and pyloroplasty for perforated duodenal ulcer. 

During the very early years of the series, we were extremely se- 
lective of which patients received this procedure. However, with 
the passage of time, and the accumulation of experience with the 
procedure and the disease, we gradually came to use vagotomy 
and pyloroplasty, and here I am speaking of truncal vagotomy 
and basically Heineke-Mikulicz pyloroplasty. We have come towse 
the procedure almost routinely for perforated ulcer. So now a 
very, very small group of patients receive simple closure in our 
hands. 

We have come to look on this as almost a more conservative pro- 
cedure than the simple closure. As we all are aware, in simple clo- 
sure the problem of obstruction sometimes obtains in closing the 
ulcer, and also the possibility of reperforation definitely exists if 
that closure is not secure. 

We have come to regard pyloroplasty as a secure technical clo- 
sure. The vagotomy reduces the gastric secretions remarkably in 
the postoperative period. We have been impressed with the very 
smooth postoperative course of perforated ulcer patients treated 
with vagotomy and pyloroplasty. 

A substantial majority of all people who once perforate either 
come to subsequent surgery or have persistent symptoms and, at 
least in southern California, the postoperative and long-term se- 
quels of vagotomy and pyloroplasty are minimal. 

James B. D. Mark, MD, Stanford, Calif: What we have just 
heard from Dr. Sawyers and his associates is a carefully con- 
ducted and precisely analyzed clinical study of the treatment of 
perforated duodenal ulcer by a group well known for its interest 
and experience in gastric surgery and for its open and honest re- 
porting. This is the real Nashville sound! 

Over 20 years ago when I was a medical student at Vanderbilt, 
this same group, then led and stimulated by L. W. Edwards, MD, 
was conducting careful clinical trials with vagotomy and antrec- 
tomy for the treatment of duodenal ulcer disease. Their results in 
the meantime are the envy of us all. 

A few years ago, we reviewed our treatment of perforated 
du@denal ulcer at the Santa Clara Valley Medical Center over an 
eight-year period of time and found that more and more defini- 
tive operations were being performed for this disease at the time 
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of perforation. ; j 
Our definition of definitive operation at that time was vagotomy 


and pyloroplasty, but Dr. Sawyers makes a strong case for doing 
an antrectomy and vagotomy. None of our patients who under- 


went vagotomy and pyloroplasty needed further ulcer surgery, al- — 
though our follow-up period was relatively short. However, most _ 
of the patients who underwent simple closure required definitive _ 
surgery at a later date. 

Our figures confirm that about 60% of those patients who had 
prior ulcer symptoms whose perforation was treated by simple 
closure required further definitive surgery, and that even in those 
patients who had no prior symptoms, about one third came to de- 
finitive surgery after simple closure of a perferated ulcer. 

Two additional points of interest arose from eur study. We com- 
pared the efficacy of chest x-ray films taken with the patient in 
the upright position and three-way abdominal x-ray film in detect- 
ing free air in the peritoneal cavity in patients suspected of hav- 
ing perforated ulcer. In a number of patients, both were done, and 
there was free air on both in 36 and free air in neither on five. In 
no patient was there free air on a chest x-ray film that was not 
present on a three-way abdominal x-ray film and vice versa. The 
overall diagnostic accuracy of roentgenograms in demonstrating 
free air in our series was 84%. 

A second finding of interest was related to infection. Almost all 
patients received antibiotics postoperatively. Although over two 
thirds of the cultures from the peritoneal cavity at the time of op- 
eration were sterile, the incidence of positive cultures in the peri- 
toneal cavity did not increase with the length of time from per- 
foration to surgery. Maybe we are giving too many antibiotics in 
patients with perforated ulcer. 

I, too, want to congratulate Dr. Sawyers and his group on their 
work, and we will wait to hear further about the results of parietal 
cell vagotomy in patients with perforation. 

I would ask, have they had any trouble with obstruction after 
doing just parietal cell vagotomy alone in these patients? 

FREDERICK M. OWENS, JR., MD, St. Paul: First I would like to — 


ask Drs. Lindenauer and Dent a question about their trans- x 


thoracic vagotomy. I presume that this is after a previous drain- 


age operation, for the first vagotomies that we did 31 years ago ‘ 
for duodenal ulcer were all done transthoracically, and we had the 


problem of development of gastric ulcer following the procedure, 
despite healing of the duodenal ulcer. 

It is gratifying to see these results. I know that Dr. Dragstedt 
feels considerable gratification now that this operation is finally 
totally accepted. 

If one is plagued by the problem of recurrence after a vagotomy 
and it is necessary to do a revagotomy, I would suggest that selec- 
tive gastric vagotomy, not a superselective (parietal cell) vagot- 


omy but a selective gastric vagotomy, offers a very satisfactory - 


answer to the problem. 

I have enjoyed this paper, and it is gratifying to see that the au- 
thors have agreed with the generally accepted idea that gastric 
resection is not as successful as vagotomy and other ancillary 
treatment. 

WILLIAM T. NEwTON, MD, St. Louis: I would like to congratulate 
Drs. Lindenauer and Dent on their paper, if I may just comment, 
and ask a couple of questions. 

I think this paper was excellent, particularly since it agrees in 
its results and conclusions with a survey of a similar type of clini- 
cal material from St. Louis that Drs. Ballinger, Jaffe, Judd, and I 
conducted just a few years ago. 

We also found that vagotomy seemed to be the procedure of 
choice. It seemed to be a simple solution to the problem, and the 
best solution. 

I do note that only 21 of the 117 patients had had a vagotomy 
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originally, and consequently, one might expect that additional va- 


~ gotomy in Dr. Lindenauer’s series might complement the original 


` 
+ : 


procedure so that the addition of vagotomy would result in a high 
cure rate. . 
This was not true in the St. Louis series, where a large propor- 


tion of patients had had a previous vagotomy, but this was found 


to be incomplete in a very high percentage of the patients. 

Consequently, I would like to ask Dr. Lindenauer if he has any 
information with regard to completeness of vagotomy in the 21 
patients that he described. 

We alse noted in St. Louis two ominous prognostic features that 
I would like to hear him comment on. One was the fact that if 
there was a rapid recurrence of ulcer after the original procedure, 
the patient would more likely have a poor result from a secondary 
or third procedure. A similar comment could be made with regard 
to hemorrhage as an indication for the original procedure, which 
also had a poor prognosis for cure of the recurrent ulcer. 

Dr. HERRINGTON: We certainly appreciate very much the re- 
marks of Drs. ReMine, Hinshaw, and Mark. 

Our report clearly shows that in the good-risk patient with prior 
ulcer disease a definitive operation can be done with a low morbid- 
ity and a low mortality. This is our current approach to the prob- 
lem, as Dr. Sawyers has emphasized. Simply to show, however, 
that a definitive operation can be done in all cases of acute per- 
foration that are deemed good risks, as a few reports in the litera- 
ture show, has been unacceptable to us. 

Perhaps up to 20% to 25% of patients without prior ulcer symp- 
toms will eventually come to definitive surgery following simple 
closure, but to subject every single patient who is deemed a good 
risk to definitive operation loses sight of the possible complica- 
tions of postgastrectomy sequels, which are certainly real in a 
small percent of cases, as Dr. Sawyers has rightly emphasized. 
Also, and even more important, we would certainly be doing many 
unnecessary operations. I think the latter approach to the problem 


merely serves as a boost to the surgeon’s ego at the expense of the 
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patient. 
Some people, as you know, have tried to define the high-risk pa- 
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tient as regards age, sex, prior ulcer symptoms, and so forth as an 
alternative to doing definitive ulcer surgery at the time of acute 
perforation, but such studies have given disappointing results. 

In doing a truncal vagotomy or any type of vagotomy when 
faced with a perforated ulcer there has been no problem with me- 
diastinitis and, from a review of the literature, I cannot find a 
single case reported. 

In answer to Dr. Mark’s questions, Dr. Sawyers and I now over 
a two-year period have done 60 parietal cell vagotomies without 
drainage for duodenal ulcer with excellent results to date and no 
recurrence of ulcer. We have had no instance of postoperative ob- 
struction in this group. We are very excited about this operation 
at present, but additional follow-up for several years is needed. 

Dumping and diarrhea are quite minimal, or almost nonex- 
istent, but certainly I want to emphasize that this operation is 
still somewhat experimental, and I think we should still be re- 
stricted to institutions that are engaged in prospective, random- 
ized studies. 

Dr. LINDENAUER: I would like to thank Drs. Owens and Newton 
for their comments. 

Indeed, one must be sure that there is adequate drainage before 
one attempts a transthoracic vagotomy, and this was the case 
most of the time. | 

There is an unusual problem that occasionally occurs with a 
large recurrent ulcer. Transthoracic vagotomy would oftentimes 
cure the ulcer, but the healing would be with such severe scarring 
and contraction that gastric outlet obstruction would occur and 
one complication would be traded for another. 

I am aware of Dr. Newton’s excellent contribution along with 
Dr. Jaffee and others in 1969. In answer to his question, among the 
21 patients who had a vagotomy as part of their original proce- 
dure, unfortunately, only ten were tested for the completeness of 
their vagotomy, but nine of those ten had a positive Hollander 
test. 

We had a suggestion, but not as clear-cut as in Dr. Newton’s ex- 
perience, that early recurrence and hemorrhage were poor prog- 
nostic signs. 
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Lobular Carcinoma of the Breast in Situ 


Are We Too Radical in Its Treatment? 







Carlo A. Dall’Olmo, MD; Joseph L. Ponka, MD; Robert C. Horn, Jr., MD; Ramon Riu, MD 


Twenty-four patients (average age, 46 years) with 29 instances of 
lobular carcinoma in situ of the breast have been treated from 1952 
to 1971 at the Henry Ford Hospital (incidence, 1%). Six patients had 
bilateral lesions, one synchronous and 5 metachronous. 

The initial complaint in 23 of 24 patients was a mass in the breast. 
Diagnosis was based on permanent histologic section as mam- 
mography and frozen section analysis were inconclusive. 

Treatment consisted of radical mastectomy in six, modified radical 
mastectomy in five, and simple mastectomy in 20. All lymph nodes 
recovered showed no metastatic disease. All patients are alive and 
well with no evidence of disease. 

Based on our experience, we recommend a simple mastectomy for 
treatment of lobular carcinoma in situ with contralateral biopsy ex- 
amination in those instances when clinical or roentgenographic evi- 
dence suggests a pathologic process. 


he entity described as lobular carcinoma in situ by 

Foote and Stewart! and Muir? in 1941 continues to be 
of interest to surgeons and pathologists alike. The origin 
of the tumor, its progression, the difficulty of accurate 
clinical, roentgenographic and frozen section diagnosis, 
and its treatment are features of this neoplasm that, in 
our opinion, require continued interest. 

In order to better understand the lesion known as lobu- 
lar carcinoma in situ, we decided to study our patients ret- 
rospectively. From, 1952 to 1971, the pathologist at the 
Henry Ford Hospital reported to surgeons that 29 in- 
stances were noted in 24 patients. During the same period, 
2,752 cases of breast neoplasms were reported, an inci- 
dence of 1.0%. This report will deal with the clinical, oper- 
ative, and pathological aspects of lobular carcinoma in situ 
as we encountered them and also review the literature on 
this subject. 


SUBJECTS 


The 24 patients in this study ranged in age from 38 to 54 years, 
with the average age being 46 years. Twenty of 24 were parous. 
Sixteen of 24 patients were having regular menses, while three 
were recorded as irregular. Two patients were taking estrogen 
preparations, and three others were postmenopausal. 

Twenty-nine instances of lobular carcinoma in situ were noted 
in 24 patients. Six of 24 patients were found to have bilateral le- 
sions: one synchronous and four metachronous lobular carcinomas 
in situ. The sixth patient had adenocarcinoma in one breast 
(treated by mastectomy) and subsequently developed lobular car- 
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cinoma in situ in the contralateral breast. 
The initial complaint in 23 of 24 patients was the presence of a 


mass, noted by the patient in all instances save one; this patient — 


was admitted with progressive painful swelling of her breasts. 


The size of the mass varied from 1 to 4 cm. In no instance was — 
there skin dimpling, inversion of the nipple, or fixation of the 


mass to the chest wall. The mass was located in the upper, outer 


quadrant in 14 of 29 cases (48%), and centrally, ie, retroareolar in — 
six (20%). In all patients, the clinical impression was that of be- 


nign disease. 

Five of 24 patients (21%) had a family history of breast carci- 
noma. 

Preoperative mammograms were obtained in 11 patients. Five 


were interpreted as “suspicious for carcinoma,” four as “benign — 
with flecks of calcium,” and two as “benign.” During the early — 


years of this study, mammography was not available as a diag- 
nostic technique. Currently, almost every patient with a breast le- 
sion undergoes this examination. 


TREATMENT 


All patients with lobular carcinoma in situ were treated surgi- 
cally. The operative indication in all patients but one was the pres- 
ence of a mass noted by the patient; this patient was operated on 
because of progressive painful swelling of both breasts. All breast 
masses underwent excisional biopsy examination with frozen sec- 
tion analysis. The reports on these frozen sections were recorded 
as “benign” in 25 patients and “suspicious for carcinoma” in 


three. Only after definitive diagnosis of lobular carcinoma in situ — i 


was obtained from the permanent sections was further operative 
treatment undertaken. Three patients underwent contralateral 
mastectomy without benefit of tissue diagnosis of lobular carci- 


noma in situ, each had undergone previous mastectomy for lobular — 


carcinoma in situ. The contralateral mastectomy was performed 
in one patient because a mass developed in the contralateral 
breast, in a second patient because mammograms were inter- 


preted as “suspicious for carcinoma,” and in a third patient as a — 


prophylactic measure. 
Twenty-four patients underwent 31 mastectomies for known or 


suspected lobular carcinoma in situ: six radical mastectomies, five — 


modified radical mastectomies, and 20 simple mastectomies. One 
patient refused further treatment after excisional biopsy exami- 
nation. Significantly, all lymph nodes recovered from all speci- 


mens showed no metastatic disease! Residual lobular carcinoma in — 


situ was identified in 14 of 25 (56%) mastectomy specimens. 


RESULTS 


Every patient has been carefully observed and progress 
mammograms have been obtained. The results obtained in 
follow-up to December 1973 in all 24 patients have been 
excellent. All are alive and well. The survival period is as 
follows: two to four years, four patients; five to eight 


years, eight; nine to 12 years, four; 13 to 16 years, five; and 


17 to 22 years, three. 
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= None of the patients showed evidence of malignant 
-neoplasia from lobular carcinoma in situ. One patient had 
- metastatic disease from a previously treated contralateral 
=- adenocarcinoma. Another patient, initially treated with 
_ excisional biopsy examination for lobular carcinoma in 


_ situ was found to have an infiltrating lobular carcinoma in 


_ a subsequent biopsy examination several years later; this 
was the only case of “progression” of lobular carcinoma in 
situ to an infiltrating carcinoma. She was then treated 
with a modified radical mastectomy, found to have 0 of 23 
~ nodes involved, and is currently alive and well five years 
postoperatively. 


COMMENT 


Prior to its simultaneous description by Foote and 
Stewart! and Muir? in 1941, lobular carcinoma in situ was 
included among several lesions grouped together as “‘epi- 
_ thelial proliferation.” In 1919, Ewing’ presented a photo- 
_ micrograph of a lesion in the mammary lobule that he de- 

= seribed as a “precancerous change.” Although he gave it 
no specific name, it is indistinguishable from the lesion we 
call lobular carcinoma in situ. Microscopically, lobular car- 
cinoma in situ of the breast is manifest by a definite alter- 
ation in lobular cytologic findings (Figure). The cells 
within the lobules are larger than normal, and the nuclei 
are proportionately enlarged. Layers of cells are not or- 
derly but are disarrayed toward the lumina and, even- 
tually, obliterate the space. Mitoses are rare, and the cells 


= lose their polarity. In lobular carcinoma in situ there is no 


infiltration and no metastasis. 
= The clinical and pathologic features of lobular carci- 
_ noma in situ encountered in our series parallels the expe- 
~ rience reported in most series. The incidence of this lesion 
is reported to range from 1% to 8%," with most authors 
_ reporting about 2.5%.*° This disparity in incidence may re- 
 flect the thoroughness of the pathologist’s search for this 
lesion as the diagnostic yield, and, hence, the incidence is 
directly related to the amount of tissue embedded. 

The mass, located in the upper, outer quadrant of the 
breast within 5 cm of the areola in 60% of the instances'”-” 
= was usually noted by the patient. Our incidence of a fam- 


ily history of breast carcinoma, 21% (five of 24 patients), 


is slightly greater than the 16% incidence reported by 
_ Farrow.” 

There is no diagnostic study available that will give a 
definitive preoperative diagnosis. Mammography is of 
help only insofar as it draws attention to the areas con- 
taining minute spicules or linear flecks of calcium.'** 
_ These findings are noted in less than 50% of breasts with 
lobular carcinoma in situ and are also noted in benign dis- 
eases such as papillomatosis, adenosis, and fibrocystic dis- 
ease. The calcium deposits have been found in lobules sur- 
rounding the lobular carcinoma in situ rather than in the 
lobules involved with this lesion. 

Frozen section diagnosis is likewise unreliable.*:'"-2° Not 
only is differentiation of this lesion from the above benign 
lesions difficult by frozen section, but obtaining the proper 
sample for frozen section analysis also presents a problem. 
To this end, some advocate roentgenographic examination 
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of those biopsy specimens known to contain calcium de- 
posits on their preoperative mammograms. In this way, 
the pathologist will have better knowledge of the area 
from which to obtain a representative specimen. The most 
frequently reported lesions are again fibrocystic disease, 
adenosis, sclerosing adenosis, and papillomatosis. Al- 
though frozen section may be suggestive of lobular carci- 
noma in situ, definite diagnosis and treatment should 
await the report of the permanent section.®!®2° This lesion 
is slow growing and, as such, there is no urgent reason to 
plan definitive treatment on an inconclusive or question- 
able frozen section report.?!?? 

The pathologic features of lobular carcinoma in situ 
that are of concern to the clinician are its multicentric ori- 
gin, its bilateral involvement, and its unpredictable poten- 
tial to progress to an infiltrative carcinoma. It is reported 
as multicentric in origin in 50% to 75% of reported 
series, '”''*:!7.1%.25-26 Tn our series, 14 of 25 mastectomy speci- 
mens (56%) were found to have residual lobular carcinoma 
in situ. 

Bilateral breast involvement has ranged from 10% to 
59% of the cases in any given series, depending on 
whether one considers synchronous or metachronous in- 
volvement.* Farrow’s report,” the largest series of lobular 
carcinoma in situ reported in the literature, notes 12.3% of 
the cases had simultaneous bilateral lobular carcinoma in 
situ and 6% had nonsimultaneous lobular carcinoma in situ 
for a total bilaterality of 18%. Bilateral lobular carcinoma 
in situ was noted in five of our 24 patients (26%). 

The final pathologic feature of this lesion is, unfortu- 
nately, the one we still know least about—its natural 
course. That it is a noninvasive lesion is borne out by the 
fact that all lymph nodes recovered from all mastectomy 
specimens performed for lobular carcinoma in situ have 
showed no metastatic disease. Apparent progression from 
the in situ to an infiltrative carcinoma has been reported 
but never conclusively proved. *9-2122.3.3: The time inter- 
val for this progression has ranged from several months to 
20 or more years. 

The reports in the literature dealing with this aspect of 
the lesion leave several questions unanswered. If lobular 
carcinoma in situ does indeed progress to an infiltrating 
carcinoma, does it progress to an infiltrating lobular carci- 
noma or does it predispose the breast to development of 
infiltrating carcinomas of different histological origin, 
such as, infiltrating ductal carcinomas, while it remains in 
the in situ phase? What is the risk of the patient’s lobular 
carcinoma in situ progressing to an infiltrating carci- 
noma? 

McDivitt et al” have attempted to delineate these risks 
by reporting a series of 50 patients with lobular carcinoma 
in situ, 40 of whom had unilateral lobular carcinoma in 
situ treated by excisional biopsy examination alone. Ten 
of 40 patients (25%) subsequently developed ipsilateral in- 
filtrating carcinoma. In the same series, 46 patients with 
unilateral lobular carcinoma in situ treated with exci- 
sional biopsy examination alone were observed to detep- 


*References 5,7,10,11,13,16,17,19,23,27,28-30. 
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contralateral breast. Four of 46 patients (8%) developed 
infiltrating carcinomas. The risk of progression to an infil- 
trating carcinoma in the ipsilateral breast was then re- 
ported as 8% at five years, 15% at ten years, 27% at 15 
years, and 35% at 20 years. For the contralateral breast 
the risks were reported as 10% at ten years, 15% at 15 
years, and 25% at 20 years. Interestingly enough, of the 10 
ipsilateral carcinomas eight were infiltrating ductal and 
two were infiltrating lobular types.” 

These reported risks of lobular carcinoma in situ pro- 
gressing to an infiltrating carcinoma along with its estab- 
lished multicentric origin and propensity for bilateral in- 
volvement have influenced surgeons and pathologists to 
recommend a wide variety of surgical procedures to treat 
this lesion. Recommended treatment for unilateral lobular 
carcinoma in situ has ranged from simple mastectomy,” 
modified radical mastectomy," modified radical mastec- 
tomy with contralateral breast biopsy examination,':***4 
to unilateral total mastectomy plus prophylactic contra- 
lateral mastectomy.***** This last treatment was applied 
to one patient in our series, and the final histological re- 
port showed the contralateral breast to be free of lobular 
carcinoma in situ. Radical mastectomy has been used in all 
reported series. The random contralateral biopsy exami- 
nations have yields of about 35% for lobular carcinoma in 
situ,’ which is too low, according to Lambird and Shelley” 
and Haagensen,” for its routine adoption. 

When series of patients with lobular carcinoma in situ 
treated by the above recommended techniques are com- 
pared, the results are similar and all show a virtual 100% 
cure. Six recurrences are noted in the literature after 
simple mastectomy for lobular carcinoma in situ.®?%37-38 
Whether these represent actual recurrences or incomplete 
excision of the original tumor (considering its multicentric 
origin) cannot be ascertained, although the latter seems 
most plausible. Significantly, the lymph nodes obtained 
from specimens excised by the more radical techniques 
have all showed no metastatic disease. With different sur- 
gical procedures reporting a virtual 100% cure, one may 
ask if the lesion is being overtreated. Will a lesser proce- 
dure suffice? Several recent articles lend themselves to 
these queries. Table 1 refers to published series in which 
patients with lobular carcinoma in situ were treated with 
excisional biopsy examination alone. 

Haagensen,” who does not consider lobular carcinoma 
in situ a carcinoma, reports that in 22 patients with this 
lesion treated with excisional biopsy examination, five 
instances of infiltrative carcinoma developed (23%), 
whereas, in 49 patients treated in the same manner for 
lobular carcinoma in situ and observed for subsequent in- 
filtrating carcinoma in the contralateral breast, four in- 
stances of infiltrating carcinoma developed (8.5%). The 
five instances of ipsilateral infiltrating carcinoma were 
treated with radical mastectomy. Lymph nodes were free 


of tumor, and the patients are alive and well five years 


pogtoperatively. 
The results are comparable to those reported by 
McDivitt et al”; however; both reports contrast sharply 
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with that of Wheeler et al’ During a 16-yea | nt 
Wheeler et al? reviewed every specimen of cent bre ast 
origin at the University of Pennsylvania Hospital. 
found 38 instances of lobular carcinoma in situ, 25 € 
which were treated by excisional biopsy amna 
alone. In a study whose average follow-up is 17.5 years, j 
and in which no patient was lost to follow-up, only one pa ‘ 
tient developed infiltrating carcinoma (4%). Three of 32 
patients (9.7%) with a contralateral breast at risk devel- — 

oped infiltrating carcinoma. E 

In comparing their results with those of McDivitt et al” — 7 
and Haagensen,” Wheeler et al® state that since neither | % 
series reviewed the breast material at their institution in 3 i 
its entirety, small and isolated instances of lobular carci- 
noma in situ may have been overlooked, resulting in theid 
selection of the more florid cases that might tend to in- 
clude those with the worse prognosis. 

Significantly, of the ten patients in the series of 
McDivitt et al? who developed infiltrating carcinoma af- b. 
ter excisional biopsy examination as the only treatment of | l 
lobular carcinoma in situ, six initially diagnosed as having f 
benign disease on previous biopsy examination, had that — 
diagnosis retrospectively changed to lobular carcinoma in — p: 













Lobular carcinoma in breast in situ showing larger than usual 
ces atn lobules. 
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No. of = —- aŘaaaaaaaaaaasasssassssssssħÃħ- 
; Mean Retro- | Infiltrating infiltrating Lobular 
No. of Follow- spective No Evidence Lobular Ductal Carcinoma 
Patients Up, yr Diagnoses of Disease - Carcinoma Carcinoma in Situ 
1 12 1 , kee tr 1 | à 
_ Newmans (1963) 2 4 ?* 1 1 
Benfield et al7 (1965) 4 4? fag 4 
Lewisen and Finney (1968) 3 5? ?* 3 aa, 3 
Hutter and Foote?! (1969) 40 ? 6 26 2 8 4 
Hutter et als2 (1970) 21 7 ?* 19 0 dare 2 
Herrmann? (1972) 7 7 0 6 a ay 
“at B Haagensen8 (1962) | 22 9 0 17 5 Type? aoe 
kil Macaulay and Mitchinson40 (1973) 4 >10 0 3 2% ?* KF 
i _ Graber’? (1973) 2 5 2 aa 1 = 1 
b ~ Giordano and Kiopp® (1973) 19 5 0 17 2 Fed i 
H _ Wheeler et al? (1974) 25 17.4 0 24 1 ae uae 
| Bi “Total 150 120 13 8 po 






: i * Not listed in original text. 

















_ Ipsilateral breast | McDivitt et al 40 15 (5-37) 27 (8-47) 35 (12-57) 


Wheeler et al? 25 4 (0-13) 4 (0-13) 4 (0-13) 
McDivitt et al30 46 10 (0-21) 15 (2-30) 25 (4-95) 
Wheeler et al? 32 7 (0-17) 12 (0-25) 12 (0-25) 
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ki: = Values for rise of progression are expressed as percentages; the ranges are in parentheses. 


i 

< 

B elie 
A PRAN 


i a after an infiltrating carcinoma had been found.” three to four years and eight for more than five years. 

te information is not available on Haagensen’s pa- Two patients in this group developed infiltrating carci- 

tients; however, in an earlier publication dealing with noma and were treated with radical mastectomy. Both are 
th his s subject, two patients were diagnosed as having lobu- alive and well at eight and 11 years, respectively. 


i E iona in situ retrospectively after an infiltrating These series, although suggesting a substantially de- 
carcinoma had been found. creased risk of progression of lobular carcinoma in situ to 
| Be Wheeler et al° state that in their series the calculated infiltrative carcinoma, nonetheless, indicate that a defi- 
“ _ risk of developing ipsilateral infiltrating carcinoma after nite risk exists. Furthermore, a policy of close follow-up of 
eX cisional biopsy examination is 4% with a 95% confidence two-, three-, and six-month intervals suggests that clinical 
limit of 10% to 18% at ten, 15, and 20 years. Whereas, the detection of an infiltrative process is possible early enough 
risk to the contralateral breast i is 7%, 12%, and 12% at ten, to permit cure with subsequent radical procedures. 

5, and 20 years. This differs greatly from the risks de- With excisional biopsy examination revealing a defi- 
E sctibed by McDivitt et al” (Table 2). In analyzing their re- nite, but unpredictable, risk of lobular carcinoma in situ 
sults from that series, Wheeler et al state that the loss to progressing to an infiltrating carcinoma and with all other 
_ follow-up is sufficient to lead to a large standard error in forms of mastectomies showing a virtual 100% cure, how 
_ the cumulative risk. The 95% confidence limits (Table 2) at radical should one be in the treatment of this disease? 
ten, 15, and 20 years are so large as to make the conclusion From our experience, we believe that a simple mastec- 
_ reached by those authors of little statistical validity. tomy will suffice. Contralateral biopsy examination should 
_ Giordano and Klopp similarly reviewed all breast be reserved for instances in which clinical or roentgen- 
Mg biopsy specimens at the George Washington University  ographic evidence of a pathologic process exists. Similarly, 
a Hospital from 1953 to 1971. One hundred twenty-four pa- a prophylactic mastectomy without tissue diagnosis of 
tients with lobular carcinoma in situ were found, and 105 lobular carcinoma in situ is not warranted in our opinion. 
p: were treated with simple mastectomy. Nineteen patients In a lesion that has yet to record a single instance of 
refused further treatment after excisional biopsy exami- lymph node metastasis, we find no reason for radicaleor — 
l nation; this group has been observed closely at two- and modified radical mastectomy in its treatment. 
three-month intervals. Twelve have been observed for Excisional biopsy examination alone remains a contro» — 
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bir versial subject. Recent evidence indicates, however, that 
in well-motivated, intelligent patients with lobular carci- 
noma in situ, who are aware of its potential course and, 
Ee yet, unwilling to have a mastectomy, an excisional biopsy 

examination with close two- to three-month follow-up of- 
E fers a reasonable alternative. 
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Discussion 


Hi 


F 
K. gi 

James J. BERENS, MD, Phoenix, Ariz: I would like to commend 
the authors on a very excellent and well-presented study. , 

This is, indeed, a perplexing problem. It recalls several decades 
ago when we were trying to find the role of intraductal papilloma : 
in the draining lesions of the nipple and the breast, and we : 
Dr. Andrew Broders, a pathologist, classifying adenocarcinoma, _ 
grade 1, intraductal type. For that reason, on the pathological in- Bi 
terpretation by him and some of the other pathologists, simple 
mastectomies were being done for intraductal papilloma. Since — 
then, we have learned that this is often a multicentric lesion, such 
as the intralobular carcinoma in situ. 

Now, with experience over several decades, we are mostly using _ 
segmental resections for this disease, so we are in the stage that __ 
we were several decades ago with the intraductal papilloma in try- _ 
ing to understand our role in caring for patients with lobular car- __ 
cinoma in situ. E 

It has seemed to me that the pathologists have told us through 
the years that carcinomas of the ordinary type in the breast do 
not have a progression that is analogous to the carcinoma of the __ 
uterine cervix, where they would trace the progressive changes 
from the metaplasia to carcinoma in situ to invasive carcinoma. 
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: se of the points that were emphasized by Dr. 
rding the high incidence of multicentricity, and 


x ience with this disease on a more limited basis, I 
-have recom: ne Shiod a simple mastectomy on the involved side. In 
period yatients whom we have encouraged to have examinations at 
periodic intervals, such as every two or three months, such as Dr. 
-Dall’Olmo recommended, we have problems at the human, total- 
-patie it level. | 
E These atients tell me that for two or three weeks prior to their 
ur-times-a-year examination, they build up profound anxieties. 
Kar trying to relate to these anxieties, we have found aggrava- 
tion in care if there was a familial history of breast tumor. In- 
Fi ad, it was aggravated if they had a neighbor who had a carci- 
nek aoe of the breast. 
k So, we get down to the care of the individual patient. 
a We come at this stage of our knowledge in this disease with one 
"ECO mmendation that can clarify the patient’s problem if we do 
explair to them multicentricity and bilaterality. This can be de- 
‘ely settled by bilateral simple mastectomy, and in some pa- 
nts I have done exactly this. In some patients, I have done a 
a. neous bilateral simple mastectomy. These patients later 
om p Petsthctisetive plastic surgery for a good overall result. 
A. CAMPBELL, MD, Ann Arbor, Mich: I would like the 
rative of making a few remarks extemporaneously. 
ee While > my series is not large, there are several things that have 
k RED ee T n unusual and common to almost every one of my patients who 
have had lobular carcinoma: (1) They were almost exclusively 
wo omen _ with big, heavy breasts. (2) They had no palpable tumor. 
p) 3) Th : only reason they were operated on was because they had a 
xerol omammogram or xeroradiogram, whichever you prefer to call 
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partment, a roentgenogram made, and, if it was found that the 


calcium was not completely removed, more of the breast was re 


moved. 

It is quite common that there is no carcinoma at or near -the er 
cific spicules but, in this specimen, which, by this time, is quite a 
large one, there will likely be a lobular carcinoma. 

Very frequently this has happened to plastic surgeons who have 
done reduction mammoplasties and, while I believe our patholo- 
gists are as careful as most, they have huge quantities of breast 
tissues sent to them, and they do not do serial sections. In several 
instances after the calcific spicules were found, the lobular carci- 
noma was found, and a mirror image biopsy examination was 
done. 

In every instance, in my experience, a bilateral lesion was 
found. 

As Dr. Berens has done, I have tried to do a subcutaneous bilat- 
eral simple mastectomy. 

Dr. DALL’OLmo: I would like to thank Drs. Berens and Campbell 
for their comments. 

In our patients I wish to reemphasize that the follow-up in all 
patients has been complete. We do observe these patients with 
mammography and we, too, have noted some apprehensiveness on 
the part of the patients to frequent examinations: however, the 
importance of these examinations is stressed. 

An important point in Dr. Campbell’s discussion was that this 
sometimes appears as an isolated lesion, and even though we do 
see the minute spicules on the mamography, it is well known that 
these spicules are found in the lobules surrounding the lesion and 
not directly within the lesion itself. 

Obtaining a biopsy specimen that “hits the lesion on the nose,” 
so to speak, is very difficult. This is why we stress the importance 
of permanent histologic diagnosis on the permanent sections. 
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Acute Acalculous Cholecystitis 


Complication of Other Illnesses in Childhood 


Jessie L. Ternberg, MD, James P. Keating, MD 


Seventy-four cases of acalculous cholecystitis in infants and chil- 
dren (seven personal cases and 67 from the literature) were ana- 
lyzed. In 45 cases the cholecystitis appeared as a complication of an- 
other illness. The primary illnesses in our patients were leptospirosis 
(four cases), diarrhea (two cases), and third-degree burns (one case). 
All seven children were critically ill. Abdominal pain and an abdomi- 
nal mass were present in all. Fever was present in six of the seven 
patients, jaundice in four. Tube cholecystostomies were done in all 
cases. After recovery from their illness, the five surviving patients 
had normal biliary tracts when studied by cholangiography via the 
tube. Acute acalculous cholecystitis in infancy and childhood as a 
complication of injury or illness should be treated as an undrained 
abscess. 


he postoperative onset of acute cholecystitis has 

been described by many authors.: The incidence of 
acalculous cholecystitis in these cases is relatively high. In 
addition, acalculous cholecystitis has been described as a 
complication of burns,*’? trauma,*™ and other illness." 
The diagnosis of acute cholecystitis in these situations is 
difficult and, therefore, treatment is delayed, increasing 
the morbidity. Delay in diagnosis is even more likely in 
the pediatric age group because cholecystitis is considered 
a rarity in childhood. The recognition and treatment of 
this complication in the child can, however, be very impor- 
_ tant in his recovery from a primary illness. We are report- 
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ing a series of seven children with acute acalculous cho- 
lecystitis occurring as a complication of another primary 
illness. 


REPORT OF CASES 


Case 1.—A 26-month-old girl was admitted to the hospital after 
a three-day illness with temperatures up to 41 C (105.8 F), pharyn- 
gitis, and cervical adenopathy. Scleral icterus and a macular 
erythematous rash were also noted on physical examination. No 
pathogens grew from cultures of the cerebrospinal fluid, blood, 
and a cervical node aspirate. The serum bilirubin level was 2.16 
mg/100 ml. Fluorescent antibody testing for Leptospira in the pa- 
tient’s urine was positive. A Leptospira microagglutination titer 
was positive to L autumnalis at 1:6,400 (reported on the tenth hos- 
pital day). She remained severely ill despite intravenous antibiotic 
treatment (ampicillin); therefore, methicillin sodium, chlor- 
amphenicol, and gentamicin were also started. On the fifth hospital 
day a tender abdominal mass was noted. A tube cholecystostomy 
was done under local anesthetic on the sixth hospital day. A 
tensely distended gallbladder was found. White bile was aspi- 
rated. No stones were palpated. No organisms grew from the bile 
cultures. Antibiotics were discontinued on the tenth hospital day. 
A tube cholecystogram showed no biliary tract ebstruction, and 
the tube was removed two weeks after its insertion. She has re- 
mained well on follow-up examination. 

Case 2.—A 7-year-old girl was admitted to the hospital after a 
five-day illness characterized by daily temperature elevations to 
39 C (102.2 F), headache, neck pains, and a skin rash. Vomiting 
and abdominal pain developed shortly after her admission. Exam- 
ination of the child was remarkable for the presence of large cer- 
vical nodes, a macular rash, and liver edge palpable 1 em below the 
right costal margin. Abnormal laboratory results were a total se- 
rum bilirubin level of 6.45 mg/100 ml, of which 4.15 mg/100 ml 
was direct; a blood urea nitrogen (BUN) value of 23 mg/100 ml; a 
sodium value of 128 mEq/liter; a chloride value of 97 mEq/liter; 
and a prothrombin time 80% of normal. Blood cultures and spinal 
fluid cultures showed no growth. Clinically, she appeared very dry. 
A central venous pressure line was placed for the administration 
of fluids as she had developed cardiac enlargement and a decreas- 
ing renal output. She was also started on a regimen of digoxin. 
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before admission he began to vomit. His urine was noted to have 
become progressively darker. The day of his admission to the hos- 
pital, the rash covered his neck, back, and abdomen. His conjunc- 
tivae were injected and his liver was down 2 cm below his‘right 


_ Abdominal rigidity and tenderness developed. A mass was seen on 
= roentgenographic examination of the abdomen in the area of the 
= gallbladder. Fluids continued to be restricted because of the de- 
= pressed cardiac status. Cardiac angiography was done, demon- 





~ strating that the cardiac enlargement was not due to pericardial 

= effusion. By the third hospital day her serum sodium value was in- 
= creasing toward normal, her central venous pressure was decreas- 
a. ing, and her urine output was increasing. The following day her 
= abdominal pain began to worsen; her temperature had gone back 
~ up to 39.9 C (103.8 F); she was vomiting persistently and abdomi- 


nal x-ray films indicated that the mass (now palpable) in the right 
upper quadrant had enlarged. A preoperative diagnosis of acal- 
culous cholecystitis was made. At operation, the gallbladder was 
massively distended. Yellow-orange peritoneal fluid was present. 
Bile was aspirated for culture (water, green-black). No stones 
were palpable. A tube cholecystostomy was done. The abdominal 
-= symptoms and signs cleared postoperatively, and her condition 
again improved. A tube cholangiogram was obtained on the sev- 
enth postoperative day. No biliary tract obstruction was visualized. 
The patient was discharged two days later. The cholecystostomy 
tube was removed two weeks later. Her subsequent course has 
been uncomplicated. Leptospira autumnalis grew from both the 
bile and urine. No other organisms grew from the bile. 

Case 3.—A 24-year-old girl was admitted with a three-day his- 
tory of fever (temperatures up to 40.5 C [104.9 F]), rash, anorexia, 
and cervical lymphadenopathy. On admission, a maculopapular 
confluent rash was present on the trunk and thighs, the cervical 
lymph nodes were enlarged and tender, and she seemed to have 
some respiratory distress. Abnormal laboratory test results in- 
cluded a serum bilirubin value of 3.62 mg/100 ml total, 2.38 
mg/100 ml direct, and a serum sodium value of 125 mEq/liter. 
Over the next two days she remained febrile, the serum bilirubin 
value increased, the serum sodium value remained at 124 mEq/ 
liter, and the BUN level began to increase. Both hands, the lower 
part of both arms, both feet, the lower part of both legs developed 
tissue changes thought to be attributable to vasculitis. She devel- 
oped abdominal distention and tenderness, and a mass was pal- 
pated in her right upper quadrant. Probable acalculous cholecys- 
titis was diagnosed. Her condition was precarious and the 
abdominal situation appeared to be contributing substantially to 
her problems. Under general anesthesia, the mass was visualized 
through a right transverse incision. It was greatly enlarged and 
~ tense. Green-black bile was aspirated for culture. After relief of 

_ the distention, no stones were palpable in the gallbladder. A tube 

-= cholecystostomy was done. Postoperatively, she continued to have 
problems with cardiomyopathy and decreased renal function. She 
had a respiratory arrest and was intubated. Severe gastrointesti- 
nal traet hemorrhage began on the sixth day after admission. This 
was treated by gavage, to keep the stomach clear of clots, and 
transfusions, using packed red cells and fresh frozen plasma. The 
lesions of the hands and feet had progressed, and the areas were 
gangrenous. Despite these complications, she showed evidence of 
improvement; her serum electrolyte level returned to normal, as 
did her serum bilirubin and BUN values. A tube cholecystogram 
showed no biliary tract obstruction, and the tube was removed 
without complication. She has subsequently required multiple pro- 
cedures, including the amputation of one hand and several termi- 
nal phalanges on the other hand and the feet for gangrene. The 
diagnosis of leptospirosis was confirmed by the fluorescent anti- 
body technique. There was no growth on any of the bile cultures. 

Case 4.—A four-year-old boy had onset of a febrile illness with 
enlarged, tender cervical nodes and a sore throat five days before 
admission. He was treated with penicillin. Two days later a rash 
appeared. The boy was taken to another physician, who diagnosed 
scarlet fever and started him on a regimen of ampicillin. The day 
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costal margin. Results of liver function tests were within normal 
limits, except for an elevated serum bilirubin value of 3.92 mg/100 
ml. The other abnormal laboratory results were as follows: so- 
dium, 126 mEq/liter; chloride, 96 mEq/liter; and BUN, 17 mg/100 
ml. He continued to have fever, with temperatures ranging be- 
tween 38.5 and 40 C (101.3 and 104 F) despite aspirin and aceta- 
minophen. He was placed on a cooling blanket. The serum bili- 
rubin value increased slightly to 5.16 mg/100 ml (direct, 2.9 
mg/100 ml). On the fifth hospital day, his abdomen became dis- 
tended and he had an exacerbation of his abdominal pain. Exami- 
nation of the abdomen was remarkable for generalized tender- 
ness, which, however, was substantially increased in the right 
upper quadrant and associated with a palpable mass. A mass ef- 
fect in the right upper quadrant was also well demonstrated on 
plain x-ray films of the abdomen. The area of the mass was ex- 
plored through a right transverse incision. On opening the peri- 
toneum, a profuse amount of bile stained fluid was encountered. 
This fluid was cultured. The gallbladder was hugely distended. 
White bile was aspirated from the gallbladder for culture. No 
stones were palpable. The region of the cystic duct’s entrance into 
the common bile duct was edematous. A tube cholecystostomy and 
a liver biopsy examination were done. The cultures from the peri- 
toneal fluid and the bile showed no growth. By the third postoper- 
ative day the child was on a regular diet. He remained febrile for 
a time, but continued to improve. A tube cholecystogram was done 
on the tenth postoperative day and showed a normal biliary tract. 
The tube was removed the following day and the child discharged. 
He presumably also had a Leptospira infection. Serum titers 
made at the onset of his illness were negative for leptospirosis. 
The results of fluorescent antibody testing of urine specimens for 
Leptospira have not been returned. 

Case 5.—A 6-week-old boy was admitted with a history of pallor, 
failure to thrive, and an enlarging abdominal mass. He had been 
seen as an outpatient for diarrhea. He continued to have six or 
more watery yellow stools per day. His formula was changed 
without effect. The mass was thought to be related to the kidney. 
Results of a bone marrow examination were normal. An intra- 
venous pyelogram was done and showed duplication of the right 
renal collecting system. The baby became lethargie five days after 
admission associated with an exacerbation of his diarrhea. An oral 
cholecystogram, and a double-dose oral cholecystogram plus an in- 
travenous cholangiogram did not show the gallbladder or common 
duct. He became febrile. He continued this course for two weeks. 
The right upper quadrant mass remained. Two weeks later the 
baby was operated on. Free intraperitoneal fluid was present. The 
gallbladder was enlarged and covered by a thick fibrinous exu- 
date. It contained white mucoid fluid that grew Escherichia coli 
on culture. A tube cholecystostomy was done and a liver biopsy 
specimen taken. The biopsy specimen showed fatty metamor- 
phosis and cholestasia considered most likely to be caused by nu- 
tritional deficiency. The gallbladder exudate was described as 
granulation tissue heavily infiltrated by neutrophils. The infant’s 


condition gradually improved. A tube cholangiogram was normal.e 


The tube was removed without complication. The infant’s growth 
and development proceeded within normal limits and he had no 
further abdominal problems during the next 2% years. The family 
moved out of the city at that time, and he was lost to follow-up. 
Case 6.—A 3-week-old boy was admitted with a five-day history 
of diarrhea. The infant was severely dehydrated and gasping on 
his arrival in the emergency room. His pulse was 160 beats per 
minute; respiratory rate, 70 breaths per minute; and temperature, 
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36.5 C (97.7 F). The infant’s weight was 2.24 kg (4.9 lb), as com- 
pared with his birth weight of 2.7 kg (6.0 lb). The diarrhea im- 
proved during the first three days after his admission and feed- 
ings Were restarted using sucrose-casein hydrolysate formula. 
The usual colon organisms grew from stool cultures, with Pseudo- 
monas predominating. On the sixth day the infant’s condition 
seemed to deteriorate. The hemoglobin value dropped. Methemo- 
globinemia was found (65%). Diarrhea and metabolic acidosis re- 
curred. A large, firm mass, presumably the gallbladder, was pal- 
pable in the right upper quadrant. Purpuric necrotic lesions of the 
nares appeared. The gallbladder was exposed under local anes- 
thetic and drained through a tube cholecystostomy. Pseudomonas 
was cultured from the bile. The necrotic areas of the face contin- 
ued to enlarge. The infant died on the 11th day after admission. 
Acute necrotizing cholecystitis, acute necrotizing inflammation of 
the common bile duct and ampulla of Vater extending into the 
pancreas, as well as multiple foci of necrosis in the liver, stomach, 
intestines, kidneys, and lung were present at the autopsy exami- 
nation. 

Case 7.—A 24-year-old girl was burned on both legs, the but- 
tocks, and perineum by hot water immersion in a bathtub. She 
was transferred to St. Louis Children’s Hospital the day after the 
accident. Treatment was started using silver lactate cream. She 
had high spiking temperatures and on the fourth postburn day 
she developed diarrhea. Pseudomonas grew from the blood cul- 
tures at this time. She was noted to be jaundiced, and a mass was 
palpable in the right upper quadrant. She was started on a regi- 
men of gentamicin and carbenicillin. She was taken to the oper- 
ating room five days later for formation of a colostomy and tube 
cholecystostomy in an effort to control the infectious process. The 
gallbladder was tensely distended. Pseudomonas was cultured 
from the bile. She improved temporarily, but her condition again 
worsened and she showed signs of meningitis. Pseudomonas grew 
from a cerebral spinal fluid specimen obtained at this time. She 
died 17 days after admission. No autopsy was done. 


COMMENT 


Sixty-seven cases of acalculous cholecystitis or acute hy- 
drops of the gallbladder have been reported in sufficient 
detail to provide data for analysis.'?-** The addition of our 
seven cases brings the total to 74. A history of illness pre- 
ceding the complication of cholecystitis was present in 45 
cases (60%). The age distribution for cases of cholecystitis 
with and without a preceding illness are similar and range 
from less than 1 month to 15 years. Jaundice was present 
in 13 of the patients with a preceding illness (30%), but in 
only one patient without a separate primary illness. Ab- 
dominal pain was present in almost 100% of the patients 
(only three patients are described as having none). Ab- 
dominal tenderness was almost a uniform sign, most of 
the time described as being in the right upper quadrant, 
occasionally the right hypochondrium, the right iliac fossa, 
or generalized. Fever, anorexia, nausea, or vomiting were 
prominent symptoms, either at the time of diagnosis or 
during the preceding illness. The preoperative diagnoses 
given were appendicitis (18 cases), intussusception (six 
cases), cholecystitis (24 cases), peritonitis (three cases), ap- 
pendicitis or cholecystitis (two cases), and abdominal mass 
(five cases). Four cases were diagnosed at autopsy. There 
were four patients with congenital biliary tract disease, 
three of them without a preceding illness. Cholecystec- 
tomy was the predominant operation performed (36, as 
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Relationship Between Patient’s Illness and Organism 
Cultured From Gallbladder Bile 








Organism Cultured From 
Gallbladder Bile 


Few colonies of 
Staphylococcus albus 


No growth 

E coli 

No growth 

Aerobacter aerogenes and 








Preceding Illness 


Sore throat with cervical nodes, 
headache, rash, and anorexia’é 


Upper respiratory tract infection’ 
Neonate, “‘irritable’’22 

Scarlet fever? 

Scarlet fever? 

















nonhemolytic Strep- 
tococcus 










Scarlet fever? Streptococcus 
(at autopsy) 
Scarlet fever24 “Cocci” 
Premature with sepsis? Gram-+ “cocci” 
Diarrhea, nausea, vomiting4® Diphtheroids 
Ten-day history of nausea and No growth 
vomiting43 
No history of systemic disease No growth 
Scarlet fever53 No growth 






Fever, pharyngitis, otitis media?° No growth 


Intermittent Salmonella (Newport) No growth 
septicemia!2 


Nausea, vomiting for five days4 No growth 
No systemic disease?3 No growth 


No systemic disease?” No growth 
No systemic disease?” No growth 


Intermittent abdominal pain for No growth 
years (no systemic disease)?” 
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No systemic diseasel4 No growth Bj 
Probable infectious hepatitis’ No growth A 
No systemic disease!4 No growth N 
No history of preceding illness E coli | 






(17 days old)!3 


No systemic disease, typhoid fever 
three years before“4 
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Bacillus paratyphosus 
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No systemic disease4” No growth 
Fever for one week before4s S aureus | EE: 4 
Otitis media for one week'8 Salmonella oranienburg | ila 
Diarrhea* E coli E. 
Burn sepsis (Pseudomonas) * Pseudomonas KA 
Leptospirosis * L autumnalis rot 
Diarrhea* Pseudomonas 





* Reported in this article. 
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compared with 25 tube cholecystostomies). In one patient 
the common duct was explored, and in one a cholecystec-. 
tomy and choledochojejunostomy were done (for congeni- 
tal stenosis of the terminal part of the common bile duct). 
In six instances, needle aspiration only of the gallbladder 
was done. Two cholecystectomies were done following an | 
initial tube cholecystostomy; one, a bilobed gallbladder, a 
was removed as an elective procedure a month after tube 
drainage, and one was done 16 months after tube drain- 

age because of a recurrent episode of cholecystitis. The i 
gallbladder content varied from black-green to white bile. zj 
Cultures were done in 31 of the cases. The culture results 
and the associated preceding illness are lited in the Table. 
The male to female patient ratio was 5:2. Liver function 
tests and liver biopsy examinations were rarely reported. 
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_ Jaundice present preoperatively cleared without complica- 


tion, although the common bile duct was explored in only 
two patients. Remarkable mesenteric adenitis was men- 
tioned in nine patients, and enlarged nodes in the region 
of the cystic duct were cited as the probable obstructing 
factor in seven. 


CONCLUSIONS 


The factors requisite for cholecystitis are (1) obstruction 
of the cystic duct, either permanent or temporary, and (2) 
the local damaging effect of imprisoned bile secondary to 
a change in bile concentration or its constituents.” Gall- 
stones are usually the obstructing agent. Several other 
factors, however, can contribute to bile stasis and prob- 
ably aecount for the cases of acalculous cholecystitis 
associated with trauma, operations, and other illnesses. Me- 
chanical obstruction may result from (1) extrinsic inflam- 
mation, eg, hyperplastic lymph nodes or (2) intrinsic in- 
flammation of the biliary tract. Probably more cogent is 
the role played in the production of biliary stasis by the 
fever, dehydration, prolonged fasting, and prolonged ileus 
that accompany these illnesses. 

Sympathetic stimulation has been reported to produce 
smooth muscle spasm and subsequent vascular spasm re- 
sulting in ischemia and a progressive inflammatory reac- 
tion in dogs.®*® There have been no data in this regard rela- 
tive to acalculous cholecystitis occurring in the injured or 
sick patient, and the role of sympathetic stimulation re- 
mains speculative. 

Bacterial invasion is frequently cited as a cause of cho- 
lecystitis in children. Examination of the 74 patients col- 
lected in this article suggests that by this explanation the 


factor of injury is being overlooked and that bacterial in- 


vasion is not producing the condition in the gallbladder, 
but is, instead, an added complication in the history of the 
lesion, ie, the bacterial invasion is superimposed on the in- 
jured tissue. 

The incidence of liver disease in biopsy specimens ob- 
tained from cases of acalculous cholecystitis is 41% as com- 
pared with an incidence of 26% for calculous cholecys- 
titis.” This suggests that a more widespread problem may 
be present in the cases of acalculous cholecystitis. 

The most frequent erroneous diagnosis in this collected 
series ef patients was appendicitis. The danger from this 
diagnosis would be a restricted operative procedure, with 
failure to recognize and treat the cholecystitis. 

It is useful to consider three main categories when clas- 
sifying childhood cholecystitis: (1) cholecystitis associated 
with congenital malformations of the biliary tract, (2) cho- 
lecystitis associated with severe illness or injury, and (3) 
cholecystitis associated with calculi. There is no age range 
that ean be reliably assigned to any of these categories. 
The usefulness of the classification should be to clarify 
diagnosis and treatment. 

The data accumulated indicate that acute acalculous 
cholecystitis can be a complication of injury and illness in 
the infant and child, just as in the adult. If a bacterial 
infection is present under these circumstances, the gall- 
bladder becomes a likely site for invasion and will then 
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represent an undrained abscess. Tube cholecystostomy is 
probably adequate treatment for this entity. Elective cho- 
lecystectomy can be reserved for the infrequent cage in 
which a biliary tract anomaly or obstruction is demon- 
strated. It is important that the diagnosis of acalculous 
cholecystitis be considered when a child with a preceding 
illness develops an acute surgical condition of the abdo- 
men. 
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Discussion 


Mark M. Ravitcu, MD, Pittsburgh: I have spent my surgical 
_ life inveighing against cholecystostomy as an “abdominable” pro- 
- cedure, but I suspect Dr. Ternberg is exactly right that it is the 
_ ¢reatment to use in these children. 
i _ I have not seen, and I do not recall having read of an instance in 
i sh Se hich acalculous cholecystitis in the child was associated with 
ree gangrene of the gallbladder. 

ah Sr We all know that the acalculous cholecystitis of the soldiers in- 
N - jūredi in Vietnam, of the patient who has'had an abdominal perine- 
AN Y resection, a pneumonectomy, or whatever (and developed an 
a, os oa very frequently becomes gangrenous and pro- 
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~ ture, cases are reported of individuals who have had E 
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PANEI S aoe se 
‘ i ; a 5 ae i 
A wo ask here it Dr. Ten nberg entered any ildi 
* 1 y g} m j ild 
with gangrene of the galll a de that were report ce this i 
the vital point. 7- -as - i 


One final point is that occasionally a child tin n vid Y 
abdominal pain, perhaps jaundice, with an abdominal- no 
whom one can get a history of a recent sore throat or pin 
continuous desquamation suggestive of the fact that the ¢ 
would have had scarlet fever. 

DARRELL CAMPBELL, MD, Ann Arbor, Mich: I would liki k 
Dr. Ternberg one question. How were you able to determine ne the ii 
cystic duct obstruction on a functional basis? By exclusion? 

MERLE MUSSELMAN, MD, Omaha: We have recently had an ex; 
rience that bears out many of the points that Dr. Terberg ha 5 ; = 
made. Te 
Our patient was a 9-year-old boy who had cerebral palsy a nd 
mental retardation. Physically underdeveloped, he weigh a 
14.9 kg (33 Ib). ZV 

He was admitted with a history of three days of n mala: 
anorexia, and vomiting with no bowel movement. ra ite 

At the time of admission, he was making an eer ony tn, 
lescence from iliopsoas muscle transfer. This had been carried o oul tt ‘. 
six weeks before. He was still in a bilateral hip spica cast. = 

On examination, he had a temperature of about 38 C (100 PE le 
had tachycardia, diffuse abdominal tenderness, and muscle guard- 
ing most marked on the right side of the abdomen. He had. n a 
bowel sounds. He had leukocytosis. aes 

The patient was operated on for appendicitis on the day of AN 4 j 
mission. The appendix was found to be normal, and after it was 
determined that the trouble was in the gallbladder, the initial inci- _ i 
sion was closed and an acute gangrenous gallbladder without” 
stones was removed through a second incision. 

Patchy gangrene of the gallbladder observed grossly was com 
firmed by microscopical examination. Jf 

Dr. Ternberg, I wonder if you would have any comment on the 
pathogenesis of this lesion in this child? 

DR. TERNBERG: I would like to thank everybody for their kin 
remarks. $ A 2 

To answer Dr. Ravitch, four of the 74 patients had perforation a 
of the gallbladder found either at autopsy or operation. i 

Dr. Lorimer passed me a note that says: “Why was the cholecys- 
tostomy used in all cases?” n 

We used it in all our patients, but in the literature, probably g 
more than half of the patients were treated with cholecystectomy. 
We used it because we thought that the pathogenesis was basi- $ 
cally what we have outlined and that, with drainage, the gallblad- 
der would recuperate, and there was no reason to remove it. s p 

Also, many of our patients were critically ill at the time, and 
cholecystostomy was a faster, safer procedure. As a matter of y 
fact, two of these procedures were done using local anesthet e 
with supportive care and monitoring by the anesthesiologist | e 
cause of the precarious state of the patient. 

To answer Dr. Campbell’s question relative to the eystie « due t 
obstruction, nonfunctioning cholecystograms and/or intrayeno é fe 
cholangiograms were obtained in some of the patients: in others Alls + 
the inability to empty the gallbladder by pressure during the op- 
erative procedure was interpreted as functional obstruction. po 3 

Subsequent to cholecystostomy, all our patients were pee is ae: 
with cholangiograms before the tube was removed, and in all pa- 
tients at that time the biliary system was patent and without mt 
obstruction, : or. 

To reply to Dr. Musselman, apparently prolonged bed rest is one T 
of the things that encourages bile stasis. At least, in the litera- 
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procedures and who have been put in body casts or have been put 
at bed rest for a period of time. 
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N -During the past decade, an increasing number of hepatic cell ade- 
nomas have been reported. Spontaneous rupture, a life-threatening 
D complication of this rare tumor, has been noted more frequently. 
Eo Eight patients with hepatic cell adenomas have been treated at our 
center. Three patients first developed symptoms from hemoperito- 
neum. Palpable tumors were discovered in three asymptomatic pa- 
iims during routine examinations. Two patients had upper abdomi- 
ey nal pain from intrahepatic hemorrhage. 
= All patients were young women using oral contraceptive agents. 
x __ Emergent hepatic lobectomy was performed in the three patients 
> 3 with rupture. The other five patients underwent selective angio- 
- graphic studies, prior to elective liver resections. All survived oper- 
E, -ation and have done well since. 
a to the use of oral contraceptive agents. 


a 


Jepatic cell adenomas had been considered the rarest 
Ad of benign liver tumors until the past decade. Warvi, 
_ in a review of the world literature up to 1944, found only 
A _67 cases, and many were in patients with cirrhotic livers.’ 
_ Henson et al found only four hepatic cell adenomas in a 
i e review of all liver tumors studied at the Mayo Clinic from 
» 1907 to 1954.2 At the Memorial Sloan-Kettering Cancer 
j _ Center, four hepatic cell adenomas were found in the 30- 
_ year period from 1935 to 1965.’ Four of 26 benign hepatic 
p peas classified at the Massachusetts General Hospi- 
= tal from 1947 to 1968 were hepatic cell adenomas.‘ Only 
Es one patient was treated surgically for this lesion at the 
UCLA Hospital before 1965.° From a review of 50,000 au- 
T topsies done at the Los Angeles County General Hospital 
during the years 1918 to 1954, Edmondson found only two 
E -hepatic cell adenomas.‘ 

During the past decade, an increasing number of these 
4 unusual liver neoplasms have been reported. Motsay and 
Gamble did successful hepatic lobe resections in five pa- 
tients for large adenomas at the University of Minnesota 
a E Hospital between 1966 and 1971.’ Davis and colleagues 
ar. emphasized that hemorrhage from rupture of the liver 


= was a life-threatening complication of this benign neo- 
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= Accepted for publication Dec 27, 1974. 
From the Section of General Surgery, Department of Surgery (Drs. Ame- 
_ riks, Thompson, and Frey), and the departments of pathology (Dr. Appel- 
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~ — Read before the 82nd annual meeting of the Western Surgical Associa- 
=~ tion, San Francisco, Nov 22, 1974. 
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The increased incidence of hepatic cell adenomas may be related 


K Spontaneous Liver künt, 


plasm. They described three patients treated by emer- 
gency liver lobectomy.: A similar report from the Cleve- 
land Clinic described two young women with ruptured 
tumors, one of which was classified as a well-differ- 
entiated hepatocellular carcinoma.” 

During the past five years, 41 patients with hepatic cell 
adenomas have been reported.**7-* All except two oc- 
curred in women who were in the childbearing age period.‘ 
Rupture, once considered rare, has been the only reported 
cause of death.**:*-1"5 More than one third of all patients 
described in the past decade first were seen with hemo- 
peritoneum from ruptured tumors.*:8-12.15-17.22 

A possible explanation for the increased incidence of he- 
patic cell adenomas in young women was suggested by 
Baum and colleagues in their recent study of seven pa- 
tients who had been taking oral contraceptive agents be- 
fore the appearance of their liver tumors.’? A number of 
subsequent reports have supported this etiologic con- 
COD iF a8 50714888 

During the past five years, eight patients with hepatic 
cell adenomas have been treated surgically at our medical 
center. 

It is the purpose of this report to describe the clinical 
and pathological features seen in these patients and to 
summarize the recent cumulative experience reported, 
with hopes that this information may benefit others in 
managing patients with these unusual tumors. 


REPORT OF CASES 


Case 1.—A 29-year-old gravida 3 para 3 woman noted a mass in 
the right upper part of her abdomen in July 1969. She was asym- 
tomatic. Her only medication had been an oral contraceptive, 
taken for the preceding five years. She noted enlargement of the 
mass within one week, and was seen by her family physician. 
Roentgenographic studies were considered normal. At celiotomy 
on July 31, 1969, a tumor measuring 12 cm in diameter was found, 
arising from the medial segment of the left lobe of the liver. A 
needle biopsy specimen was interpreted as showing essentially 
normal hepatic architecture. The patient was then transferred to 
the University Hospital. Selective hepatic arteriography showed ae 
13 x 17-cm, discrete, vascular lesion (Fig 1). At operation in Au- 
gust 1969, the tumor was resected with a rim of normal tissue, re- 
moving much of the quadrate lobe. Her postoperative course was 
uncomplicated. She has been observed at regular intervals, and 
continues to be in good health five years later. _ 

CASE 2.—A 44-year-old gravida 5 para 5 woman first noted®*ano- 
rexia and morning nausea during the fall of 1971. These symp- 
toms persisted for three months, during which time she gained 9 
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kg (20 Ib). She also noted swelling of her hands and feet. In Janu- 
ary 1972 she consulted her family physician for renewal of her 
birth control medication, which she had been taking for six years. 
A mass*was then palpated in the midepigastrium. At exploratory 
eeliotomy in February 1972, a biopsy examination was made of 
the tumor in the left lobe of the liver. The histologic interpretation 
was a benign hepatoma. After transfer to the University Hospi- 
tal, selective hepatic angiography showed a discrete vascular mass 
within the left liver lobe. A liver scan was normal. At operation on 
April 4, 1972, a firm, 10-cm tumor was found within the quadrate 
lobe of the liver, extending through the inferior margin of the 
liver capsule. This was excised with a rim of normal liver. Her 
postoperative course was uneventful. She has remained in good 
health during the 2'-year follow-up period. 

Case 3.—A 44-year-old gravida 2 para 2 woman underwent an 
abdominal hysterectomy for “fibroids” in April 1974. A tumor of 
the right lobe of the liver was palpated during a routine explora- 
tion. No biopsy specimen was taken because of the tumor’s gross 
vascularity and inaccessibility. Her only significant drug history 
was the use of oral contraceptives for six years. During her post- 
operative recovery, liver function studies and photoscan were nor- 
mal. She was transferred to the University Hospital for further 
evaluation. Selective hepatic angiography confirmed the presence 
of a 10-cm mass in the right lobe of the liver (Fig 2 and 3). Results 
of all laboratory studies were normal. On May 4, 1974, an anatomi- 
cal right liver lobectomy was performed without difficulty. A diag- 
nosis of hepatic cell adenoma was established from microscopical 
evaluation of the tissue. The patient’s postoperative course was 
uneventful. She has had no medical problems in the five-month in- 
terval since her operation. 

Case 4.—A 29-year-old gravida 1 para 1 woman had been well 
until November 1972. At that time she noted weakness, fatigue, 
and pallor. After several days she was able to resume her teaching 
duties. She had been taking oral contraceptives for the preceding 


six months. One month later she developed sudden stabbing right 
upper quadrant and epigastric pain that radiated to both shoul- 
ders and the lower part of the chest on inspiration. This was asso- 
ciated with nausea, vomiting, weakness, and syncope. She was ad- 
mitted to another hospital with a blood pressure of 70/50 mm Hg 
and a hemoglobin value of 8.5 gm/100 ml. Five units of whole 
blood were given during the next few days, and her hemoglobin 
level stabilized at 11.8 gm/100 ml. Diagnostic studies, including an 
oral cholecystogram, upper gastrointestinal tract series, and bar- 
ium enema failed to demonstrate a cause for her symptoms, The 
patient was transferred to a larger hospital where selective he- 
patic arteriograms were obtained after hepatomegaly was noted. 
Laboratory studies showed a slight rise in both liver enzyme and 
serum bilirubin values. Roentgenograms showed a large filling de- 
fect in the right lobe of the liver (Fig 4). The patient was trans- 
ferred to the University Hospital. Further evaluation, including a 
hepatic scan, was done prior to exploratory celiotomy on Jan 5, 
1973. At operation, a 17-cm mass was found in the posterior seg- 
ment of the right lobe of the liver. In addition, a smaller mass was 
found in the left lateral lobe of the liver. A biopsy specimen of the 
right lobe lesion was interpreted as hepatic cell adenoma. The fro- 
zen section reading of the tumor within the left lobe was “con- 
gested normal liver.” This was interpreted as an hepatic cell 
adenoma on permanent section. The larger tumor of the right lobe 
was excised with a margin of normal liver. The center of the tu- 
mor was necrotic and contained clotted blood. The left lobe was 
left intact. On the evening of her operation, the patient was re- 
turned to the operating room for control of intraperitoneal bleed- 
ing, which originated from the resected liver margins. Her subse- 
quent postoperative course was satisfactory. A follow-up liver 
scan obtained ten months postoperatively showed a normal-sized 
liver without defects. Her general health has remained excellent 
during the 20 months since operation. 

Case 5.—A 28-year-old gravida 4 para 4 woman was in good 


Fig 1.—Case 1. Left, Arterial phase with arrows at periphery of lesion, showing multiple peripheral feeding vessels and tortuous tumor 
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vasculature. Right, Portal venous phase demonstrating well-demarcated pedunculated tumor with homogeneous capillary stain on right. 
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ur ce ison of vague fight upper irana pain in J aly 
E 197 De 
fn fatigued, and noted anorexia and nausea. She was examined be- 
cause ef these symptoms, and the right liver edge was found at 
E A the level of the umbilicus. A roentgenographic series of the upper 
es part of the gastrointestinal tract, oral cholecystogram, liver scan, 
~ and intravenous pyelogram were all considered normal, except for 
aa hepatomegaly and displacement of the right kidney. Results of 
_ laboratory studies were normal. At exploratory celiotomy in De- 
= cember 1970, an incisional biopsy specimen was obtained from a 
ie large mass in the right lobe of the liver. This was interpreted as 
_ “probably benign hepatoma.” The patient was transferred to the 
-University Hospital in February 1971. Selective hepatic arterio- 
grams showed a large mass in the right lobe of the liver with a 
= dense venous stain on delayed x-ray films, most compatible with a 
_ diagnosis of hepatoma. On Feb 2, 1971, a tumor arising in the 
~ right lobe of the liver, 21 cm in diameter, was excised with a mar- 
A _ gin of normal liver. A histologic diagnosis of hepatic cell adenoma 
_ with central necrosis and old hemorrhage was made. Her early 
3 a postoperative course was satisfactory. Three months later she was 
_ readmitted to the hospital with a diagnosis of serum hepatitis. 
_ During the 3-year interval since her recovery, she has done well. 
_ At her most recent follow-up in August 1974, an oral contraceptive 
|. (novid) that she had been taking intermittently since 1962 was 
- discontinued. | 
= * Cise G—A 30-year-old gravida 3 para 3 woman was admitted 
_ from the emergency room in July 1971, having arrived in shock 
i -shortly ater the sudden onset of severe epigastric pain. She had 
By i previously been in excellent health. Abdominal paracentesis 
_ Shewed gross blood. While emergency resuscitative measures 
4 were undertaken, she was taken to the operating room for celiot- 
omy. The source of massive intraperitoneal hemorrhage was an 
' 18cm ruptured tumor occupying most of the right lobe of the 
_ liver. A right hepatic lobectomy was performed through a thora- 
_ oabdominal incision. During the operation, a coagulopathy devel- 


oy as margins of a peceineulated tumor. 
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oped. She required multiple trinatiialiong and. praleaged efforts to 
control hemorrhage from the transected liver surface. The early 
postoperative period was complicated by marginal liver function, 
as evidenced by jaundice, hypoalbuminemia, and deficient coag- 
ulation factors. Atelectasis, pneumonia, and respiratory insuffi- 
ciency required vigorous therapy. Her condition, at times critical, 
gradually improved. Ten weeks after the operation, she was dis- 
charged from the hospital. During the three years since, she has 
maintained normal liver function and been without symptoms. 
Oral contraceptives, which she had been taking intermittently for 

a total of seven years, were discontinued after her operation. 
CASE 7.—A 39-year-old gravida 4 para 3 woman was vacationing 
when she experienced the sudden onset of severe right upper 
quadrant pain on July 12, 1973. Within a few hours she was eval- 
uated in the emergency room of a small community hospital and 
admitted with a diagnosis of “an acute surgical condition of the 
abdomen.” At emergency celiotomy, a massive hemoperitoneum 
was found, resulting from the rupture of a grapefruit-sized tumor 
in the right liver lobe. Because of limited hospital facilities, the 
liver surface and tumor were packed to achieve temporary hemo- 
stasia. The abdomen was closed and the patient was brought by 
ambulance to the University Hospital. After receiving multiple 
transfusions, she was taken to the operating room where a right 
hepatic lobectomy was performed (Fig 5). Microscopical study of 
the tumor confirmed the clinical diagnosis of hepatic cell adenoma. 
A severe coagulopathy developed during the procedure, and blood 
loss was massive. Postoperatively she remained in critical condi- 
tion. Her recovery was complicated by hepatic insufficiency, renal 
failure, and a subphrenic abscess. Improvement was gradual, and 
after three months she was discharged. In January 1974, results 
of liver function studies were normal and follow-up selective he- 
patic angiography showed compensatory hypertrophy of the left 
hepatic lobe. Fourteen months following her operation, she still 
notes some fatigue with activity and has a small chronie sinus 
tract in her chest wall. She no longer uses oral contraceptives 
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Fig 2.—Case 3. Left, Early arterial phase. Right, Largely intrahepatic adenoma. Interface between tumor and normal liver is not as smooth 










































(Enovid), which she had been taking for the seven years preceding 
her illness. 

Case 8.—A 26-year-old gravida 3 para 3 woman was in excellent 
health antil Dee 5, 1978, when she suddenly developed severe right 
upper quadrant pain. Within an hour she was brought by ambu- 
lance to her community hospital’s emergency room. Although her 
abdomen was very tender, no mass was palpable. Initially her 
blood pressure was 150/80 mm Hg and her hemoglobin level was 
13.3 gm/100 ml. Within six hours her hemoglobin value was 7.5 
gm/100 ml and she was in shock. At emergency celiotomy, a rup- 
tured tumor, 18 cm in diameter, was found in the right lobe of the 
liver. After the liver hemorrhage had been controlled by sutures 
and packing, the wound was closed and the patient transferred to 
the University Hospital by airplane. At reoperation 12 hours later, 
a right hepatic lobectomy was performed. Persistent intraperito- 
neal bleeding led to reexploration 24 hours later, at which time 
further hemostasia was accomplished. A coagulopathy was not en- 
tirely corrected until nearly one week after operation. Her course 
was further complicated by hemothorax, requiring thoracotomy 
drainage; wound infection; and a pulmonary embolus. Eventually, 
recovery was complete and she was discharged nine weeks later. 
Ten months following operation she is fully active. She has taken 
no oral contraceptives since operation. She had taken oral contra- 
ceptives for the six years preceding her illness (Ortho Novum, 
four years; Ovral, two years). 

The eight patients described in this report were all 
women between the ages of 25 and 44 (mean age, 33.6 
years). They had all been taking commonly used oral con- 
traceptive agents containing a progestogen and estrogen 
combination for six months to nine years (average, six 
years). All but one patient had been pregnant on two or 
more occasions before starting these drugs. None had evi- 
dence of previous or coexisting liver disease at the time of 
hepatic tumor diagnosis. 

The average diameter of the eight excised tumors was 


Fig 3.—Case 3. Left, Spoke-wheel pattern of vessels radiating from center ( x 3). Right, In capillary phase, densely stained lesion is inter- 
rupted by numerous lucencies representing fibrous septa of tumor. 
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15 cm. The largest tumor was found in a patient with 
pain, fatigue, and weight loss. Although this tumor had 
not ruptured, it contained clotted blood. The three rup- 
tured tumors with intraperitoneal hemorrhage were each 
18 cm in diameter. There was no apparent correlation of 
tumor size, clinical presentation, age, or duration of oral 
contraceptive agent use. The three patients with rupture 
ranged in age from 26 to 39 years. The 29-year-old woman 
whose intrahepatic hemorrhage caused syncope had been 
taking an oral contraceptive agent for only six months. 

The hepatic cell adenomas were located within the right 
lobe of the liver in six patients. Three of these were associ- 
ated with rupture and two with acute enlargement from 
hemorrhage. One patient had a second smaller adenoma in 
the lateral segment of the left lobe of the liver. A biopsy 
examination was made of this lesion but it was not totally 
excised. Two asymptomatic neoplasms were located in the 
medial segment of the left liver lobe. 

Operative treatment of the three patients with rup- 
tured neoplasms was anatomical right lobectomy. Severe 
coagulopathies developed in each patient, and subsequent 
blood loss was massive. Despite multiple serious complica- 
tions, these patients eventually recovered and are doing 
well from eight months to three years after operation. 
The two expanding neoplasms were excised with a rim of 
normal liver tissue. Difficulties obtaining adequate hemo- 
stasia were encountered, but both patients recovered 
without substantial morbidity. One patient, observed for 
three years, has normal liver functions amd enjoys good 
health. The other patient with a biopsy-proved second he- 
patic cell adenoma in the left lobe has been observed for 
20 months. A subsequent liver scan has failed to show this 
lesion. She, like all the other patients in this series, has 
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discontinued the use of oral contraceptive agents. Two of 
the three patients with asymptomatic neoplasms were 
surgically treated by excision with a rim of normal liver 
tissue. An anatomical right liver lobectomy was done in 
the third patient because of tumor extension across seg- 
mental planes. The three patients treated electively had 
no complications. At follow-up periods of five months, 
three years, and five years, all are doing well. 


PATHOLOGIC FINDINGS 


The neoplasms in the series were classified on the basis 
of Edmondson’s description of benign liver cell tumors. A 
clearly defined histological differentiation between focal 


Fig 4-—Case 4. Top, Arterial phase with arrows indicating 
stretched vessels about hypovascular mass in midright lobe. Note 
absence of tumor vasculature. Bottom, Portal hepatogram phase 
showing only a lucent defect in region of mass. Arrows outline me- 
dial extent of tumor. 
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nodular hyperplasia and hepatic cell adenoma was diff- 
cult in several cases. One tumor, initially diagnosed as a 
well-differentiated hepatocellular carcinoma, was clearly 
benign when reviewed. It is apparent that the diagnosis 
of these liver lesions may be difficult unless the clinical, 
gross, and microscopical features in each case are thor- 





Fig 5.—Case 7. Resected right liver lobe. Ruptured hepatic cell 
adenoma. Lighter colored nodules are viable areas of neoplasm that 
are subcapsular. Liver capsule has been ruptured (far left). Intratu- 
mor hemorrhage has dissected throughout lesion and into adjacent 
liver parenchyma. 


Fig 6.—Case 1. Typical hepatic adenoma cells with clear cyto- 
plasm. Some cells (top center) contain fat vacuoles (hematoxylin-eo- 
sin, X 163). 
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Fig 7.—Case 2. Large scar (right) with neoplasm (top left). At in- 


terface between, note anastomosing bile ductules (Mallory tri- 
chrome, Xx 163). 


oughly considered. 

These tumors all consisted of well-differentiated hepa- 
tocytes organized in sheets and cords, often in a sinusoidal 
pattern but without lobules. There were no properly ori- 
ented central veins or portal structures. The neoplastic 
cells tended to be larger than the nontumor liver cells, and 
their cytoplasm was usually clearer. In some cases, special 
stains indicated that this cytoplasmic clearing was the re- 
sult of increased glycogen content. Lipid vacuoles were 
often present in scattered tumor cells (Fig 6). Occasion- 
ally, small bile aggregates were found between cells. 
Although most cells were quite uniform in size, foci 
of smaller, slightly pleomorphic cells were encountered. 
Mitotic figures were extremely rare and no more frequent 
than would be found in normal liver parenchyma. In all 
tumors, bile ductules were seen in varying numbers when 
carefully searched for. These were recognized as poorly 
formed, often interconnecting, duct-like structures at 
the interface between tumor cells and scar tissue and 
were most frequent in those neoplasms with the greatest 
amount of scar (Fig 7). Many ductules were connected 
directly to the tumor cells. 

Areas of hemorrhage, hemorrhagic necrosis, and dis- 
tinct scar were seen in most of these neoplasms. In some 
tumors, a central stellate scar suggested focal nodular hy- 
perplasia rather than hepatic cell adenoma. There were no 
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Fig 8.—Case 8. Characteristic vascular pattern of dilated, anasto- 
mosing sinusoidal and venular channels (Mallory trichrome, X 64). 


well-formed bile ducts, however, in any of these tumors. 

The vascular pattern was quite varied, but certain pat- 
terns tended to be present in all tumors. There were cases 
that were caricatures of the normal hepatie lobular vas- 
culature. In these, dilated veins, resembling central veins, 
alternated with small vascular bundles surrounded by 
dense collagen, resembling portal tracts. Other areas 
contained anastomosing, dilated, angulated, sinusoidal 
venous structures (Fig 8). Often, small arteries and arte- 
rioles were thick-walled, but venous sclerosis was unusual. 
Hemorrhages seemed to occur at the interface between 
tumor and capsule, tumor and normal liver, or tumor and 
scar. Hemorrhagic areas most commonly were found next 
to the zones of dilated venous-like structures. 

All tumors were partly encapsulated by an incomplete 
fibrous membrane. In some, the distinction between neo- 
plasm and normal liver parenchyma was based entirely on 
differential staining between the two types of cells (Fig 
9). Most of the tumors were grossly solitary. In several, 
the gross features suggested a complex lobulation or mul- 
tiple adenomas in approximation. In one patient, two sep- 
arate tumors were found in different lobes of the liver. 


COMMENT 


The following discussion is based on a review of the 
clinical and pathological findings in our patients and in 
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Fig 9.—Case 7. Junction N normal liver (right) and hepatic 
cell adenoma in nonencapsulated area (hematoxylin-eosin, X 64). 


the 41 others reported during the past five years. 
Patients presenting clinically with hepatic cell ade- 
nomas may be divided into three groups: (1) Approxi- 
mately one third of these neoplasms were discovered ac- 
cidently by the patient or by her physician on a routine 
physical examination or during exploratory celiotomy for 
another indication. These patients had totally asympto- 
matic liver masses and no laboratory evidence to suggest 
liver disease. Operations in this group of patients were 
done electively for definitive diagnosis and therapy and 
usually were uncomplicated. (2) A second group, compris- 
ing a third of patients, were admitted with varying de- 
grees of upper abdominal pain or discomfort, with or 
without anorexia, nausea, and vomiting. Symptoms were 
present for a period of a few days to several months. Sev- 
eral patients were anemic at the time of diagnosis. Jaun- 
dice was noted in several and was associated with chills 
and fever in one patient. Pain was occasionally persistent, 
but was more often intermittent. The most common ini- 
tial misdiagnosis made was cholecystitis. In nearly all 
cases the symptoms could be correlated with the evidence 
of hemorrhage within the tumor. In several cases, both old 
areas of scarring and recent hemorrhage corresponded 
with intermittent symptoms. (3) One third of recently re- 
ported patients were first seen with a sudden life-threat- 
ening intra-abdominal hemorrhage. All of these patients, 
surviving operative treatment and the early postoperative 
period, have done well. Substantial mortality has been as- 
sociated with delay in diagnosis from hemorrhagic shock, 
rapidly developing coagulopathies, and postoperative com- 
plications. Successfully treated patients had liver lobec- 
tomies done as emergency procedures. It is apparent that 
early diagnosis and operation are critical in this group. 
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The majority of patients, however, could recall no symp- 
toms before their catastrophic illness. Most of the rup- 
tured tumors have been large and probably detectable, al- 
though one tumor was only 4.5 em in diameter.” 

Routine diagnostic studies have been of little value in 
the diagnosis of hepatic cell adenomas. Liver enzyme 
changes and bilirubin elevation may occur in association 
with acute expansion of the neoplasm from hemorrhagic 
necrosis or intrahepatic hemorrhage. In one patient with a 
huge multilobulated adenoma, an elevated serum albumin 
level (6.0 gm/100 ml) returned to normal after resection of 
the tumor.” Alpha-fetoprotein was not found in any of 
the reported cases. When it is, even in a young woman, the 
diagnosis of a malignant hepatic tumor should be strongly 
suspected.’ 

Plain x-ray films and barium examinations on occasion 
will delineate upper abdominal masses in these patients 
but, in general, are not diagnostic. Thus far, there is no re- 
port of roentgenologically visible calcification occurring in 
a hepatic adenoma. 

Colloid liver scans have been described in patients with 
hepatic adenomas but, in our opinion, are not depend- 
able.****-*! The lesions may or may not concentrate the 
radiopharmaceutical. In the patient described by Palu- 
binskas et al, only two of four adenomas were detected.” 
One of the undetected lesions virtually replaced the left 
lobe of the liver. Sackett et al described two large right 
lobe adenomas that appeared normal on both colloid and 
rose bengal scans.** In the case described by Lerona et al, 
a massive adenoma also concentrated colloid uniformly.” 
The appearance of a hepatic adenoma by scan depends on 
the size of the lesion, its position, and whether or not it 
concentrates the radiopharmaceutical. The latter depends 
largely on whether or not the adenoma contains a suffi- 
cient reticuloendothelial system to trap the colloid. Tu- 
mors less than 3 cm will be missed regardless, as will be 
pedunculated ones. 

One of our patients who had a preoperative scan showed 
an area of decreased uptake in the region of the tumor, 
which had a large central hemorrhage. Two patients with 
asymptomatic lesions had normal scans. 

We believe that the most valuable roentgenographic ex- 
amination is hepatic angiography. Even small hepatic 
adenomas are readily detectable. The procedure is invalu- 
able in localizing the lesion and its blood supply and in 
demonstrating multiplicity. A specific diagnosis can be 
suggested and differentiation from primary malignant 
hepatic tumors and metastases made. 

Scattered reports of the arteriographic characteristics 
of hepatic adenomas have appeared.”*°-** Arteriograms 
were obtained preoperatively in five of our eight patients. 
In four of the five, the angiographic pattern was similar té 
those previously reported. The main hepatic artery was 
enlarged. Each patient had a solitary hypervascular le- 
sion. The degree of hypervascularity varied somewhat de- 
pending on the delivery rate of contrast material and 
whether or not subselective catheterization was done. 
There were numerous enlarged, tortuous feeding vessels 
appearing to supply the tumor, mainly from the periph- 
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ery. A dense, relatively homogeneous tumor stain per- 
sisted late into the portal venous phase (Fig 1). The mar- 
gin of the tumor was well circumscribed in the 
pedunculated lesions. However, when the lesion was pre- 
dominantly intrahepatic, the interface between tumor 
and normal liver was moderately irregular (Fig 2). Portal 
veins were displaced by the masses. There was no arterio- 
venous shunting, vascular puddling, nor venous invasion 
as might be expected in hepatocellular carcinomas. The 
fifth patient studied was quite atypical. The angiographic 
features were those of a large hypovascular mass in the 
right lobe, with a lucent defect seen on the portal hepato- 
gram phase. There were no tumor vessels detectable (Fig 
4). This appearance was readily explained by the surgical 
findings of a large hemorrhagic mass within a thin-walled 
shell of tumor. Obviously the bulk of the mass seen angio- 
graphically was the hematoma, and the tumor neovascu- 
lature was too sparse to appreciate. 

It is possible to differentiate between the majority of 
benign and malignant liver cell neoplasms. When ade- 
nomas are multiple, however, it might be difficult to dis- 
tinguish them from the more commonly occurring hyper- 
vascular metastases. 

It has been suggested that a spoke-wheel pattern with 
central vascular supply and vessels radiating to the pe- 
riphery may be indicative of focal nodular hyperplasia.” 
In most of the reported cases of hepatic adenomas, the 
vascular supply is from the periphery to the center of the 
lesion. We believe that this angiographic distinction is im- 
possible. These two patterns could be produced by the 
identical lesion if roentgenograms were made at right an- 
gles. Figure 3 demonstrates the spoke-wheel pattern in an 
adenoma. 

Figure 3, right, also points out that the appearance of 
multiple linear lucencies in the hepatogram phase of the 
study is not a differential point. These lucencies are be- 
lieved to represent the fibrous septae in the tumor and, 
since both adenomas and focal nodular hyperplasia may 
have coarse septations, this angiographic feature cannot 
be discriminating. 

With the increased use of visceral angiography, more of 
these lesions will undoubtedly be discovered incidentally. 
Their angiographic features should be useful in distin- 
guishing them from most malignant hepatic lesions. 

Despite Edmondson’s statement that “it is probable 
that they may undergo malignant change, especially those 
that are present in older persons,” and Ackerman’s that 
“these lesions shade imperceptibly into carcinoma,” we 
can find no evidence from our own material or from the 
literature to substantiate these assumptions about hepatic 
çell adenomas.“ We agree with Malt et al that these tu- 
mors are “completely benign, except for a tendency 
toward hemorrhagic infarction.”* Recurrences may be ex- 
plained by incomplete excision or failure to recognize mul- 
tiplicity in the few cases reported.'* In the past, errors 
and confusion resulted from the absence of definitive his- 
tologic criteria for diagnosis. We believe that at least 
some of the reported long-term survivors of ruptured, 
wéll-differentiated hepatocellular carcinomas actually had 
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hepatic cell adenomas. Certainly the long-term good re- Hi 


sults in patients surviving rupture of hepatic cell ade- 
nomas is in distinct contrast to the less than 5% survival 
in patients with most hepatocellular malignant neo- 
plasms.” 

The possible relationship between the use of oral con- 
traceptive agents and the occurrence of hepatic tumors in 
women was first suggested by Baum et al.'* There is sub- 
stantial evidence that both oral contraceptive agents and 
anabolic steroid hormones do cause both morphological 
and functional changes in the liver.*®-* An additional clin- 
ically recognized side-effect of oral contraceptive agents is 
the development of the Budd-Chiari syndrome resulting 
from hepatic venous thrombosis. Spontaneous rupture 
of the liver resulting from segmental hepatic venous 
thrombosis has also been recently implicated as a compli- 
cation of oral contraceptive agents.** Whether this mecha- 


nism is the same as that occurring in the spontaneous — 
liver ruptures reported in pregnancy, perhaps related to — 


endogenous hormones, is not known." Other vascular 
changes in the liver have been studied both experimen- 
tally and clinically. 


There seems to be a fundamental difference between — 


the effects of estrogens and progestogens on the liver. 
Estrogens mainly affect protein synthesis in the rough 
endoplasmic reticulum, whereas progestogens and anabol- 
ic steroids mainly affect the smooth endoplasmic reticu- 
lum and drug-metabolizing enzyme system. Mechanisms 
whereby endogenous or synthetic hormones promote or in- 
hibit formation of experimental liver cell neoplasms are 
not known. These compounds and a variety of chemical 


carcinogens are, however, metabolized by the same or sim- 


ilar microsomal enzymes of the liver. The affects of carcin- 
ogens can thus be potential or nullified by simultaneously 


present enzyme inducers or inhibitors. A possible tumor- 


promoting action of synthetic hormones may be mediated 
by stimulation of hydroxylating enzymes. 

The increased recognition of hepatic cell adenomas 
since the introduction of oral contraceptive agents and 
their occurrence in premenopausal women, in nearly all 
cases, does suggest a relationship to either endogenous 
hormones or the synthetic hormones used in oral contra- 


ceptive pills. The apparent low incidence of these tumors 


in the total population using these agents however, is no 
indication for discontinuing their use at the present time. 
On the basis of our experience, we conclude that malig- 
nant change in hepatic cell adenomas appears to be an un- 
likely possibility, although the natural history of these tu- 
mors is not entirely defined. Some tumors do grow to large 
size without symptoms, others rupture from internal hem- 
orrhage, and still others may remain stable for years. Still 
undetermined is the effect of discontinuing oral contra- 
ceptive agents in patients with these tumors. It is clear 
that the prognosis after successful excision of an adenoma 
is excellent. We currently recommend total excision of 
suspected hepatic cell adenomas for histological diagnosis 
and definitive therapy. Hepatic lobectomy is indicated 
only for anatomical necessity, which may well be the case 
in most ruptured tumors. The use of oral contraceptive 
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agents should be, permanently discontinued postopera- 


-tively in this group of patients. 
-o Figure 4, right, was provided by Robert Fosmoe, MD. 
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Discussion 


GEORGE E. BLocK, MD, Chicago: I was intrigued and somewhat 
concerned about the neoplastic epidemic that has been so nicely 
reported by Drs. Ameriks and Thompson. 

I am concerned about the accuracy or validity of calling each of 


these a hepatic adenoma. Perhaps two of our cases will illustrate — 


the quandary. 

In 1967 we operated on a young girl who had been operated on 
elsewhere for a hemoperitoneum with the erroneous diagnosis of 
an ectopic pregnancy. She was transferred to us with endotra-* 
cheal tube in place and, because we believed that the bleeding had 
stopped, we did not operate on her that evening. 

The tumor was discernible by scan. This patient did not have a- 
fetoproteins. The tumor was multicentric, and we saw a second or 
satellite tumor that necessitated a right lobectomy. 

The histologic findings of this tumor were similar to thos® ob- 
served in the patient Dr. Thompson described. 

In this specimen (slide) we see the transition between com- 
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pressed liver and a clear hepatocellular adenoma. This was sent 
around the country, and it was the consensus of most of the view- 
ers that it was a benign hepatocellular adenoma, even though 
there was vascular invasion. 

She is now seven years postoperative and continues to do well. 
The patient was taking oral contraceptives up to the time of oper- 
ation. 

More recently, we have had a postmenopausal patient who was 
approaching the age of 60 who was obviously receiving no proges- 
tational agents or anabolic steroids. She was admitted with a 
mass in the abdomen. Her arteriogram was quite similar to the 
avascular type of arteriogram described by Dr. Ameriks. 

We operated on the patient. There is not the bulging tumor so 
characteristic in Dr. Ameriks’ presentation, but rather a retracted 
type of tumor. There was only a remnant of identifiable structure; 
all the rest was organized hemorrhage. 

Our pathologist told us that this was a hepatoma, so we did a he- 
patic lobectomy only to find, on permanent section, that this was 
not a hepatoma or a hepatocellular adenoma to the best of our 
knowledge. Reticulum and iron stains were done to try to see if 
there was any residual ghost architecture to indicate that there 
had been necrosis. We found merely compressed liver, an orga- 
nized capsule, and a now old hemorrhage. 

I am convinced that these entities of an expanding mass or 
hemorrhage can develop from focal nodular hyperplasia. 

This clinical presentation does not necessarily, then, in my opin- 
ion, always incriminate this to be a benign hepatic adenoma. 

I would ask two questions. In the patient you operated on elec- 
tively, particularly the patient who had the original diagnosis of 
hepatic carcinoma, were there a-fetoproteins? 

You indicated that in one patient you left residual tumor in 
place. Are you concerned about this, or do you imply that the ces- 
sation of the oral progestational agents will cause involution of 
the tumor? 

ALFRED M. LARGE, MD, Detroit: Some six months ago we en- 
countered a 35-year-old woman who was admitted with a large 
right-sided abdominal mass extending well down into her pelvis. 

We thought that it was her liver, and all our studies seemed to 
confirm this, but the results of her liver function tests were per- 
fectly normal. 

At operation, it was indeed found to be a large, well-localized 
tumor of the right lobe of the liver extending up beyond the level 
of the gallbladder. 

This patient did not have a formal lobectomy of the right lobe, 
but simply had the area involved resected with a margin of nor- 
mal liver tissue. 

She has remained well and without evidence of recurrence up 
until this time. It is interesting that she had taken contraceptive 
pills for a number of years prior to the appearance of this tumor, 
so we would add this case to those reported by Drs. Ameriks and 
Thompson and their group. 

I would like to ask the criteria they have used for deciding 
whether or not these tumors are benign or malignant, since so 
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much difficulty is always encountered in this area. tg 

I am pleased to see that the authors are able to resect most of 
these cases without formal lobectomy, for I think some of us have 
become rather appalled in recent years to find so many persons — 
recommending total lobectomies when, in fact, a less risky, more 
conservative procedure frequently would suffice to cure whatever 
lesion is present. Ne 

DARRELL A. CAMPBELL, MD, Ann Arbor, Mich: I have had one 
patient with a huge adenoma of the left lobe of the liver. ` TSN 

She was a beautiful young woman, Miss Arkansas, and her only 
request was that I remove the liver tumor from the back so she 
would not have a scar. 

Dr. THOMPSON: I certainly cannot top Dr. Campbell’s interesting 
case. We have not had any beauty queens in our group of patients. : 

I would like to thank the discussants for their pertinent contri- i 
butions, particularly Dr. Block, whose remarks are always antici- 
pated with some degree of anxiety. I would like to answer his = 
question regarding a-fetoproteins first. Of all the cases of hepatic | 
cell adenomas reported in the literature in which this study was is 
obtained, none had a-fetoproteins. In our single patient with an 
initial diagnosis of well-differentiated hepatocellular carcinoma, 
there were no a-fetoproteins detected. A: 

In our evaluation of recently reported cases in the literature, we 
came across a 22-year-old woman, reported as a long-term sur- 
vivor of hepatocellular carcinoma (Br Med J 4:149, 1972). We re- 
quested her pathological slides, believing that she might have an 
hepatic cell adenoma. She did however, have a malignant tumor. 
She did have a-fetoproteins. 

The pathological criteria used in differentiating benign from 
low-grade malignant hepatic cell neoplasms was basically that de- 
scribed by Edmundson. In low-grade malignant neoplasms there 
are many more mitotic division figures and pleomorphic cells, and 
these features may be the only means by which a pathologist can - 
clearly differentiate these from benign tumors. The diagnosis may 
be very difficult in some cases, and I would emphasize that point 
because during the past decade pathologists have often had dis- _ 
agreements over the exact diagnostic criteria of these liver le- a 
sions. 

I thank Dr. Large for allowing us one of the largest hepatic cell 
adenomas that has been described. We would agree with his surgi- 
cal approach and also think that hepatic lobectomy is not always 
necessary for this neoplasm. 

Whether or not a patient who develops this type of neoplasm 
while taking oral contraceptive agents will have resolution of the 
lesion if the drugs are stopped is a question that remains unan- 
swered and one that we all anticipate will be resolved, perhaps in 
the next decade. Perhaps Dr. Block’s elderly patient with a rather 
atrophic neoplasm represents one that developed during a period 
of endocrine activity and subsequently ceased further growth. 

We believe there is suggestive evidence that these tumors are 
endocrine-dependent but we certainly cannot proe that at the 
present time. 
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*due to susceptible organisms 


‘ANCEF’ Is 90% Effective in Serious Bone and Joint Infections 


In clinical studies of 30 patients with such infections as septic arthritis and osteomyelitis 
due to susceptible strains of Staphylococcus aureus, ‘Ancef oroduced good or excellent 
responses in 90% of the cases. 


‘ANCEF’ Penetrates Bone and Synovial Fluid 




















Tissue/ Fluid Tissue/Fluid Level Serum Level 
(mcg/ml) (mcg/ml) 
a i xi: (Sampling time) (Sampling time) 
Osteomyelitic 49.4 She 
x Bone l LS ne (1 hour) La. Ay (1 hour) ieee 
Osteomyelitic 35.6 26.0 
Bone a? (5 hours) vrg (5 hours) 
Osteomyelitic 10.2 48 
Bone et | (8 hours) | (8 hours) 
Synovial Fluid 50 (1 hour) 85 (1 hour) 
65 (1-1/2 hrs) 78 (1-1/2 hrs) 
59 (2 hours) 53 (2 hours) 
45 (3 hours) 43 (3 hours) 
eg 37 (5 hours) 32 (5 hours) 


(Data from individual patients. All patients received 1 gram IM ) 
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‘ANCEF’ Offers the Convenience of Both IV and IM Administration 


Adverse Reactions 

Adverse reactions reported with ‘Ancef' include pain on injection, rash, G.I. symptoms, 
pruritus and phlebitis. Transient rise in SGOT, SGPT, BUN and alkaline phosphatase levels 
has been observed without clinical evidence of renal or hepatic impairment. 

For acomplete list of adverse reactions with Ancef therapy. please see next page. 


Warning 
In penicillin-allergic patients, cephalosporins should be used with great caution because 


of evidence of partial cross-allergenicity of the penicillins and the cephalosporins. 
Please see the next page for a brief summary of the prescribing information. 
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Before prescribing, see complete prescribing information in 
SK&F literature or PDR. The following is a brief summary. 


R: DESCRIPTION 

i Ancef® (sterile cefazolin sodium, SK&F) isa semi-synthetic 
i cephalosporin for parenteral administration. It is the sodium salt 
s of 3- {[(5-methyI-1, 3, 4-thiadiazol-2-yl) thio] methy!}-8-oxo-7- 
[2-(1 H-tetrazol-1-yl) acetamido] -5-thia-1 -azabicyclo [4.2.0] oct- 
2-ene-2-carboxylic acid. The sodium content is 46 mg. per gram 
= of cefazolin. 

S ACTIONS 
Microbiology: /n vitro tests demonstrate that the bactericidal 
action of cephalosporins results from inhibition of cell wall 
synthesis. ‘Ancef' is active against the following organisms in vitro: 


Staphylococcus aureus (penicillin-sensitive and penicillin- 
resistant) 


Group A bdeta-hemolytic streptococci and other strains of strep- 
tococci (many strains of enterococci are resistant) 


i Streptococcus pneumoniae (formerly Klebsiella species 

= D. pneumoniae) Enterobacter aerogenes 
Escherichia coli Hemophilus influenzae 
Proteus mirabilis 


Most strains of Enterobacter cloacae and indole positive Proteus 
E (P. vulgaris, P. morgani, P. rettgeri) are resistant. Methicillin- 

a: resistant staphylococci, serratia, pseudomonas, mima, herellea 

i species are almost uniformly resistant to cefazolin. 


INDICATIONS 
Ancef (sterile cefazolin sodium, SK&F) is indicated in the treat- 
_ ment of the following serious infections due to susceptible 
organisms: 
a! J Respiratory tract infections due to Streptococcus pneumoniae 
_ — (formerly D. pneumoniae), Klebsiella species, Hemophilus 


3 







, [n uenzae, Staphylococcus aureus (penicillin-sensitive and 
penicillin-resistant), and group A beta-hemolytic streptococci. 


Injectable benzathine penicillin is considered to be the drug of 

choice in treatment and prevention of streptococcal infections, 

_ including the prophylaxis of rheumatic fever. ‘Ancef' is effective 

kda the eradication of streptococci from the nasopharynx: however., 
jata establishing the efficacy of 'Ancef' in the subsequent preven- 

tion of rheumatic fever are not available at present. 


Genitourinary tract infections due to Escherichia coli, Proteus 
mirabilis, Klebsiella species, and some strains of enterobacter 
and enterococci. 


_ Skin and soft-tissue infections due to Staphylococcus aureus 
(penicillin-sensitive and penicillin-resistant) and group A beta- 
hemolytic streptococci and other strains of streptococci. 


Bone and joint infections due to Staphylococcus aureus. 


Septicemia due to Streptococcus pneumoniae (formerly D. 
pneumoniae), Staphylococcus aureus (penicillin-sensitive and 
penicillin-resistant), Proteus mirabilis, Escherichia coli, and 
Klebsiella species. 


Endocarditis due to Staphylococcus aureus (penicillin-sensitive 
and penicillin-resistant), and groupA beta-hemolytic streptococci. 


A Appropriate culture and susceptibility studies should be per- 
7 formed to determine susceptibility of the causative organism to 
‘Ancef: 


CONTRAINDICATIONS 
‘Ancef is contraindicated in patients with known allergy tothe 
cephalosporin group of antibiotics. 


«WARNINGS 
_ _ IN PENICILLIN-ALLERGIC PATIENTS, CEPHALOSPORINS 

_ SHOULD BE USED WITH GREAT CAUTION. THERE IS 
CLINICAL AND LABORATORY EVIDENCE OF PARTIAL CROSS- 
ALLERGENICITY OF THE PENICILLINS AND THE CEPHALO- 
SPORINS, AND THERE ARE INSTANCES OF PATIENTS WHO 
HAVE HAD REACTIONS TO BOTH DRUG CLASSES (INCLUD- 
ING FATAL ANAPHYLAXIS AFTER PARENTERAL USE). 


Any patient who has demonstrated some form of allergy, par- 

= ticularly to drugs, should receive antibiotics, including Ancef 

(\2 (sterile cefazolin sodium, SK&F) cautiously and then only when 
F- absolutely necessary. Serious anaphylactoid reactions require 
- immediate emergency treatment with epinephrine. Oxygen, 





meets the challenge, IV or IM 





intravenous steroids, and airway management, including intuba- 
tion, should also be administered as indicated. 

Usage in Pregnancy: Safety of this product for use during preg- 
nancy has not been established. 

Usage in Infants: Safety for use in prematures and infants under 
1 month of age has not been established. 

PRECAUTIONS 

Prolonged use of cefazolin sodium may result in the overgrowth 
of nonsusceptible organisms. Careful clinical observation of the 
patient is essential. 


When 'Ancef' is administered to patients with low urinary output 


because of impaired renal function, lower daily dosage is required 


(see dosage instructions): A false positive reaction for glucose in 


the urine of patients on ‘Ancef' has occurred with Clinitest® tablets 


solution. 


ADVERSE REACTIONS 
The following reactions have been reported: 


Hypersensitivity: Drug fever, skin rash, vulvar pruritus, and 
eosinophilia have occurred. 


Blood: Neutropenia, leukopenia, thrombocythemia and positive 
direct and indirect Coombs tests have occurred. 


Hepatic and Renal: Transient rise in S@OT, SGPT. BUN and 
alkaline phosphatase levels has been observed. 


Gastrointestinal: Nausea, anorexia. vomiting, diarrhea, oral 
candidiasis (oral thrush) have been reported. 


Other: Pain at site of injection after intramuscular administration 
has occurred, some with induration. Phlebitis at site of injection 
has been noted 


DOSAGE AND ADMINISTRATION 
‘Ancef’ may be administered intramuscularly or intravenously 
after reconstitution. 


Dosage 

In adults, usual dosage for pneumococcal pneumonia is 500 mg. 
every 12 hours. In acute, uncomplicated urinary tract infections, 
usual dosage is 1 gram every 12 hours. In mild infections caused 
by susceptible gram+ cocci, usual dosage is 250 to 500 mg. 
every 8 hours. In moderate to severe infections, usual dosage is 
500 mg. to 1 gram every 6 to 8 hours. ‘Ancef' has been adminis- 
tered in dosages òf 6 grams per day in serious infections such as 
endocarditis. 

‘Ancef’ may be used in patients with reduced renal function with 
the following dosage adjustments: Patients with a creatinine 
clearance of 55 ml./min. or greater or a serum creatinine of 

1.5 mg. % or less can be given full doses. Patients with creatinine 
clearance rates of 35 to 54 ml./min. or serum creatinine of 1.6 

to 3.0 mg. % can also be given full doses, but dosage should be 
restricted to at least 8-hour intervals. Patients with creatinine 
clearance rates of 11 to 34 ml./min. or serum creatinine of 3.1 to 
4.5 mg. % should be given 1/2 the usual dose every 12 hours. 
Patients with creatinine clearance rates of 10 ml./min. or less or 
serum creatinine of 4.6 mg. % or greater should be given 1/2 the 
usual dose every 18 to 24 hours. All reduced dosage recom- 
mendations apply after an initial loading dose appropriate tothe 
severity of the infection. 


In children, a total daily dosage of 25 to 50 mg. per kg. (approx- 
imately 10 to 20 mg. per pound) of body weight, divided into 


three or four equal doses, is effective for most mild to moderately 
severe infections. Total daily dosage may be increased to 100 mg. 


per kg. (45 mg. per pound) of body weight for severe infections. 
Since safety for use in premature infants and in infants under 
one month has not been established, the use of ‘Ancef' in these 
patients is not recommended. 

For additional information on dosage and administration, see 
package literature or contact your SK&F Representative. 

HOW SUPPLIED 

Ancef® (sterile cefazolin sodium, SK&F)—supplied in vials 
equivalent to 250 mg., 500 mg., and 1 gram of cefazolin. 


Smith Kline & French Laboratories 
Division of SmithKline Corporation, Philadelphia, PA 19101 





Arterial Fibrodysplasia 


Histopathologic Character and Current Etiologic Concepts 


James C. Stanley, MD; Bruce L. Gewertz, MD; Edward L. Bove, MD; 


Vikrom Sottiurai, PhD, MD; William J. Fry, MD 


Arterial fibrodysplasia affected 196 patients (172 females, 24 
males) harboring a total of 316 diseased vessels. Renal artery lesions 
were documented in 152 adult and 25 pediatric patients. Extracranial 
cerebrovascular arterial dysplasia affected 17 patients. Superior mes- 
enteric, celiac, common hepatic, and external iliac arteries were occa- 
sionally involved. Intimal fibroplasia and medial hyperplasia are un- 
common types of arterial dysplasia. Medial fibroplasia represents a 
continuum of disease, including pathologic processes heretofore 
categorized as subadventitial or perimedial fibroplasia. A previously 
unrecognized form of perimedial dysplasia, characterized by dense 
accumulations of elastic tissue about the periphery of the media, is 
reported as a distinct pathologic entity. Hormonal influences, trac- 
tion-stretch stresses, and peculiarities in distribution of vasa vaso- 
rum in vessels affected by dysplastic processes may be prerequisite 
to the evolution of arterial fibrodysplasia. 


rterial fibrodysplasia is a pathologic entity of 
increasing clinical importance. Histologic cate- 
gorization of these lesions remains an unsettled issue in 
spite of numerous reports on the subject." Furthermore, 
plausible etiologic mechanisms responsible for fibro- 
dysplasia have not been demonstrable in clinical or experi- 
mental investigations. 

Dysplastic lesions were encountered in 196 patients, 
harboring a total of 316 diseased arteries, at the Univer- 
sity of Michigan Medical Center from 1960 through 1974. 
This experience proved to be in disagreement with ac- 
cepted dogma concerning arterial dysplasia. Evidence re- 
garding histopathologic characterizations and possible 
causes of fibrodysplasia justifies reassessment of this un- 
usual disease. 


SUBJECTS 


Renal artery dysplasia was documented in 152 adults (143 
women, nine men) ranging in age from 18 to 84 years. Bilateral le- 
sions occurred in 84 patients. Unilateral changes involved the 
right renal artery of 53 patients and the left renal artery in 15 pa- 
tients. The mean age of affected women (40.0 years) exceeded that 
of men (32.2 years). Ten of these patients exhibited coexistent ex- 
etrarenal arterial fibrodysplastic lesions. A predilection for females 
was not evident in 25 pediatric patients (11 girls, 14 boys) ranging 
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from 21 months to 17 years in age. Unilateral renal artery ste- 
noses in these younger patients were evenly distributed (11 right, 
11 left). Three children had bilateral disease. Five children had 
stigmata of neurofibromatosis, an association not observed in 
adults. Familial renal artery dysplasia was demonstrated on 
one occasion involving a 44-year-old patient and her 5-year-old 
daughter. 

Extracranial cerebrovascular fibrodysplasia affected 17 patients 
(all women) 21 to 79 years old (mean, 51.2 years). Of 16 patients 
who had internal carotid artery disease, ten had bilateral lesions. 
Seven of these 16 patients had coexisting vertebral dysplasia, in- 
cluding two with bilateral disease. One patient exhibited isolated 
vertebral arterial disease. Eight patients had associated intracra- 
nial aneurysmal disease, and five of the 17 had concomitant renal 
artery lesions. 

Dysplastic stenoses involving splanchnic vessels were demon- 
strated in eight females known to have renal artery fibro- 
dysplasia, and were the only abnormal findings in two additional 
patients. Disease involved the celiac artery in four instances, the 
common hepatic artery twice, the proximal part of the superior 
mesenteric artery eight times, and branches of this latter vessel _ 
on two occasions. Splenic artery aneurysms, not necessarily reflect- 
ing a primary dysplastic process, were discovered in eight of the 
152 adults with renal lesions. Fibrodysplasia of the external iliac 
artery was observed in two patients having diffuse disease, includ- 
ing lesions of the renal and mesenteric arteries. 
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Method of Pathologic Categorization 


Detailed arteriography accounted for the initial identification of 
dysplastic lesions in all patients of this series. Gross morphologic 
and histologic types of stenoses were often predictable from arte- | 
riographic appearances. Unfortunately, interpretations fre- 
quently proved incorrect and limited the reliability of assessing 
these lesions by arteriographic studies alone. aS 

Diseased vessels were evaluated from 104 patients who had ar- 
terial segments excised at the time of vascular reconstructions.  _ 
Eighty-six of these specimens (all renal arteries) proved suitable  _ 
for classification of the dysplastic lesion. Insufficient tissue or  _ 
inadequate mounts rendered some specimens useless for study Bo. 
purposes. Hematoxylin-eosin, Masson, and Verhoeff stains were 
most frequently utilized in preparing tissues for examination. < 
Abul Haj, Alcian green and other special preparations were used 
in select cases. The histopathology of this material provides the  __ 
basis for this report. yi 


intimal Fibroplasia 4 


This lesion, affecting both sexes equally, accounted for slightly 
more than 5% of our experience. It was not the most common form 
of arterial dysplasia affecting pediatrie patients. Arterio- s 
graphically, intimal fibroplasia appeared in main renal arteries as 
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long, irregular tubular stenoses in younger patients, and as 
= smooth focal stenoses in older persons. This form of dysplasia re- 
= sults from an accumulation of irregularly arranged subendothelial 
~ mesenchymal cells within a loose matrix of fibrous connective tis- 
= sue (Fig 1). The internal elastic lamina was frequently frag- 
= mented, but always identifiable. Medial and adventitial structures 
~ were usually normal in these diseased vessels. 
= [ntimal fibroproliferation is often eccentric and, as such, ap- 
= pears similar to musculoelastic cushions seen throughout arteries 
of neonates and intimal cushions occurring near cerebral artery 
bifurcations in adults. Lipid-containing foam cells and inflamma- 
tory cells were not seen within these lesions. Vessels exhibiting 
varying degrees of secondary intimal thickening as a result of ar- 
terial trauma, endarteritis, thrombosis, or other arteriopathies 
= were not included in the present study. 


Medial Hyperplasia 


Excesses in medial smooth muscle, without demonstrable fibrot- 
ic changes, were rare causes of arterial stenoses. Medial hyper- 
plasia accounted for approximately 1% of our experience, being 
unequivocally documented in only one patient. These lesions pro- 
duce foeal stenoses that are difficult to differentiate roentgen- 
ographieally from intimal fibroplasia. Increases in medial smooth 
muscle cells exhibiting minimal disorganization characterized me- 
dial hyperplasia (Fig 2). Intimal and adventitial structures ap- 
~ peared normal. Specimens exhibiting unusually large amounts of 
= smooth muscle separated by recognizable accumulations of 
ground substance represent medial fibrodysplasia, not medial hy- 


~ perplasia. 
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~The most common dysplastic lesion encountered was medial fi- 
= broplasia. Representing nearly 85% of renal artery disease, this 
== process appeared responsible for internal carotid artery stenoses 
and those lesions affecting the mesenteric, hepatic, and iliac ves- 
= Sels, It was the most common dysplastic lesion found in pediatric 
"y patients. Medial fibroplasia presents a continuum of disease arte- 
_ riograpħically. Its appearance varied from occasional focal ste- 
~ noses to multiple constricting lesions and a series of stenoses with 
~ intervening aneurysmal outpouchings. Medial fibroplasia usually 
affected the distal part of the renal artery with frequent exten- 
sions into segmental branches. 
_ Two extremes of medial histopathology were recognized as part 
= of this dysplastic lesion. Fibrodysplasia was grossly limited to the 
Outer media of some specimens, whereas in others the entire me- 
| “a dia was diseased. Gradations between these variations were com- 
= mon, and were often demonstrated in the same patient. In the 
= case of outer medial disease, compact fibrous connective tissue re- 
_ placing smooth muscle peripherally was the most prominent find- 
_ ing (Fig 3 and 4). The inner media exhibited moderate accumula- 
= tions of collagen and ground substance separating disorganized 
= smooth muscle cells. Intimal tissue and internal elastic lamina 
= were unaffected, although continuity of the external elastic 
lamina was frequently lost. Because these lesions appeared to rep- 
= resent part of a spectrum that included diffuse medial disease, 
= they were considered a form of medial fibroplasia. This represents 
~ a departure from the usual practice of categorizing these lesions 
= as perimedial or subadventitial fibroplasia. 
__ Diffuse medial fibrodysplasia was characterized by more severe 
_ disorganization, with disruption and replacement of smooth 
muscle by haphazard arrangements of fibroblasts and collagen 
_ (Fig 5). These stenoses were more than twice as common as those 
_ primarily affecting the outer media. Medial thinning, alternating 
_ with dysplastic accumulations of fibrous tissue, were easily recog- 
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Fig 1.—Intimal fibroplasia. Accumulations of irregularly arranged 
subendothelial mesenchymal cells, surrounded by loose matrix of fi- 
brous connective tissue, project into vessel lumen. Disruption of in- 
ternal elastic lamina is common. Medial and adventitial architecture 
is usually well preserved (hematoxylin-eosin, x 80). 


Fig 2.—Medial hyperplasia. Increases in medial smooth muscle 
cells, with minimal derangement of their orientation, characterize 
this lesion. Integrity of intima and adventia is maintained (hema- 
toxylin-eosin, x 120). 


Fig 3.—Medial fibroplasia (peripheral form). Excesses in fibrous 
connective tissue (primarily collagen) comprise outer media (hema- 
toxylin-eosin, X 120). 


Fig 4.—Medial fibroplasia (peripheral form). Dense fibro- 
proliferative process manifested by collagen and increased ground 
substance (blue) with loss of smooth muscle exists in outer media. 
Inner smooth muscle (red) is separated by accumulated ground 
substance. Intimal structures, including internal elastic lamina, are 
usually unaffected. Fragmentation of external elastic lamina occurs 
regularly (Masson stain, Xx 120). 


Fig 5.—Medial fibroplasia (diffuse form). Extensive medial 
changes with scant smooth muscle, increases in ground substance, 
and haphazard arrangements of fibroblasts dominate pathologic 
changes. Intimal and adventitial structures may not be affected, al- 
though disruption of internal elastic lamina and secondary intimal 
fibrosis is common in advanced disease (Masson stain, x 120). 


Fig 6.—Medial fibroplasia (diffuse form). Mural thinning in vessel 
segment immediately adjacent to regions of proliferative medial fi- 
broplasia. Loss of medial tissue with fragmentation of elastic tissue 
is associated with arterial dilation and microaneurysms. Coexisting 
intimal abnormalities (internal elastic lamina disruption, subendo- 
thelial fibroplasia) frequently accompany severe medial fibroplasia 
(Masson stain, x 40). 


Fig 7.—Perimedial dysplasia. Relatively acellular tissue surrounds 
media. Moderate distortion of normal medial architecture with in- 
creases in ground substance affect these vessels. Internal elastic 
lamina remains intact (hematoxylin-eosin, x 120). 


Fig 8.—Perimedial dysplasia. Homogenous collar of tissue having 
staining properties (red) of elastic tissue exists at junction of media 
and adventitia. Noticeable increases of ground substance (blue) 
within media are associated with loss of smooth muscle. Intimal 
and outer adventitial structures appear normal (Masson stain, 
x 120). 


Fig 9.—Perimedial dysplasia (elastic stain of Fig 6 specimen). Ex- 
cessive circumferential aggregations of elastic tissue (black) exist 
adjacent to outer media. Elastic elements within media and intima 
appear normal (Verhoeff stain, x 120). 
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sA nized, and accounted for sitet dilations and microaneurysms ac- 


companying medial fibroplasia (Fig 6). Adventitial architecture 
was relatively normal in these vessels. Internal elastic lamina 
fragmentation and subendothelial fibrosis were common and were 


considered secondary events attending advanced medial fibro- 


plasia. 
Perimedial Dysplasia 


Unusual accumulations of elastic tissue between the media and 


adventitia contributed to stenoses in approximately 10% of renal 


arteries examined. Arteriographic manifestations included focal 
stenoses, and occasionally multiple constrictions, involving the 
midportion of the renal artery. Most striking was a compact collar 
of relatively acellular tissue in the region of the external elastic 
lamina (Fig 7 and 8). This material has all the properties of elastic 


a tissue, although it can be casually mistaken for dense collagen by 
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= inexperienced examiners. Noticeable increases in medial ground 


substance surrounding intact smooth muscle cells, with little alter- 
ation of normal intimal structures, characterized the remainder of 
the vessel wall. Elastic tissue stains documented excessive circum- 


= ferential aggregations of this material along the outer medial bor- 
~. der (Fig 9). Internal elastic lamina and elastic fibrils within the 


media were normal. Similar histopathologic findings have not 
been associated with other common types of arterial fibro- 
dysplasia. 

Among adults demonstrating renal artery dysplasia, 14 patients 
had saceular macroaneurysms, three had dissections, and two oth- 
ers had intrarenal arteriovenous malformations. Small, saccular 
aneurysms having the appearance of limited dissections were 
noted in vertebral vessels of two additional patients. These lesions 
occurred most often in association with medial dysplastic disease. 


_ Macroaneurysms and dissections represent complications of pre- 


existing arterial fibrodysplasia. They should not be categorized 
as a distinct group histopathologically. Periarterial fibro- 
proliferative disease, such as occurs with retroperitoneal fibrosis, 
represents a secondary rather than primary arteriopathy and ac- 
cordingly was not considered a part of the present study. 


COMMENT 


Since first described more than 35 years ago,” the clini- 
cal importance of arterial fibrodysplasia has been empha- 
sized in reports on renovascular hypertension**-** and in- 
ternal carotid disease.’*-*? Dysplastic lesions not involving 


= renal and cerebral vessels are uncommon and, except for 
occasional stenoses producing intestinal ischemia, are 


presently of undetermined clinical importance.*:"! 
The two forms of dysplasia encountered least often, in- 
timal fibroplasia and medial hyperplasia, present prob- 


x § lems relating to their pathology quite dissimilar to those 
= encountered in other dysplastic states. Intimal fibroplasia 
= is a common sequel of a variety of arterial injuries, in- 


cluding external trauma as well as intraluminal insults 
arising from local alterations in blood flow. The cause of 
primary intimal fibroplasia remains an enigma. Long, ir- 
regular, tubular stenoses seen in infancy may reflect the 
aftermath of an arteritis. Rubella has been implicated in 
such instances.” Focal lesions encountered in adulthood 
may represent persistent embryonic intimal cushions.” 
Medial hyperplasia, like intimal disease, is not associ- 
ated with an easily identifiable cause. Isolated hyperplasia 
of smooth muscle within the circulatory system is a very 
unusual phenomenon. Indeed, the very existence of this 
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particular dysplastic disease is subject to question. It was 
considered inappropriate to include within this group le- 
sions that exhibited early degenerative changes typical of 
medial fibroplastic disease. The inordinately high ‘inci- 
dence of medial hyperplasia alluded to in earlier reports 
included diseased vessels that would be classified as me- 
dial fibroplasia in the present study.* Differences in cate- 
gorization of these lesions, as opposed to descriptions of 
histologic character, account for discrepancies between 
our series and previous studies. 

Medial fibroplasia is characterized by a histologic 
continuum that is demonstrable arteriographically and 
clinically. Categorizing vessels where fibroproliferative 
changes are predominantly of the outer media alone as a 
form of medial fibroplasia is a radical change from earlier 
classifications.*®™° Certain clinical findings support the 
histologic and morphologic evidence for grouping this lat- 
ter disease with medial fibroplasia. The peripheral form of 
medial fibroplasia affects individuals at a younger age 
than does the diffuse form. It is plausible that initial dis- 
ease of the outer media progresses to involve the entire 
media with passage of time. Lending credence to this con- 
cept are gradual changes in arteriographic appearances of 
these lesions eventuating in true macroaneurysms when 
the entire media becomes diseased with loss of supporting 
structures including the internal elastic lamina. 

Perimedial dysplasia, as defined in this study, has re- 
ceived little or no attention from previous investigators. 
Evidence to date, including the occurrence of these lesions 
in the midrenal artery rather than distally, supports seg- 
regation of perimedial dysplasia as a distinct pathologic 
entity, dissimilar to other fibrodysplastic processes. Al- 
though subtle medial changes occurred in these vessels, 
they did not reflect the marked degenerative processes as- 
sociated with medial fibroplasia. Mechanisms responsible 
for excessive replication of elastic tissue must be unique 
to this form of dysplasia. Effects of physical stresses on 
arterial wall connective tissue are perhaps important in 
the pathogenesis of perimedial dysplasia. 

The etiologic basis of arterial fibrodysplasia, although 
an elusive subject, was approached by findings evolving 
from the present study. In particular, hormonal effects on 
medial tissues, mechanical stresses on vessel walls, and 
the peculiar distribution of vasa vasorum in arteries ex- 
hibiting these lesions are considered important causal fac- 
tors. The precise relation of these factors to each other 
or to unrecognized pathogenic mechanisms remains un- 
known. This fact notwithstanding, it would seem purpose- 
ful to review the suggested causes. 

Hormonal influences warrant comment in view of arte- 
rial dysplasia’s unusual predilection for females. Exclud- 
ing patients of pediatric age, 94% of patients in our series 
were women. That arterial dysplasia involves hormonally 
active women directs attention to (1) possible effects of 
pregnancy on evolution of this disease, (2) possibilities 
that antiovulant medications may contribute to dysplastic 
processes, and (8) the obvious consideration that nowmal 
hormonal (progestin-estrogen) substances affect the gen- 
esis of fibrodysplastic disease. Pregnancy may be respon- 
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sible for rather profound vascular wall alterations involv- 
ing medial structures and elastic tissue in particular.*-** 
In one clinical setting, involving splenic arteries, gesta- 
tional events appear most significant in evolution of an- 
eurysmal disease.” Although similar changes may affect 
vessels that manifest fibrodysplastic disease, the repro- 
ductive histories of patients in this series did not reveal 
gravity or parity rates different from the general popu- 
lation. Effects of antiovulants may not be discounted in 
causing significant arterial wall alterations,” yet use of 
these drugs by less than half of this study’s adult female 
patients does not support any obvious cause and effect as- 
sociation to fibrodysplasia. The response of certain smooth 
muscle and fibroblast cells to estrogens has been demon- 
strated to be an increased synthesis of proteinaceous sub- 
stances, including collagen.” Physiologic preconditioning 
of cellular elements to fibroplastic activities by agents 
such as estrogens may account for the more frequent oc- 
currence of dysplastic lesions in females. 

Unusual physical stresses were associated with most ar- 
teries exhibiting fibrodysplastic changes. Comparable 
forces were believed nonexistent in similar sized vessels 
unaffected by this disease. Renal artery traction due to 
ptotic kidneys (the right greater than the left), internal 
carotid artery stretching over the upper cervical vertebrae 
on hyperextension of the neck, and tension on the superior 
mesenteric artery from the weight of the attached viscera 
may all be important etiologic factors. Renal ptosis is 
common among patients with renal artery lesions.*’ Per- 
haps important was the greater severity of right-sided 
disease in the majority of adults having bilateral lesions 
in our series. In addition, nearly 80% of the unilateral le- 
sions occurred in right renal arteries. This distribution is 
not adequately explained by the increased length of right 
renal vessels compared to left. It may reflect greater de- 
grees of ptosis involving the right kidney. These stretch- 
traction stresses might predispose to fibroplasia by 
directly altering vessel wall tissues or indirectly by dis- 
rupting the vasa vasorum.**** Although the exact mecha- 
nisms are speculative, the apparent predilection for dys- 
plastic lesions to occur in vessels where peculiar 
mechanical forces exist can not easily be discounted. 

Vasa vasorum of muscular arteries invariably originate 
from branchings of the parent vessel.: The renal, ex- 
tracranial carotid, and external iliac arteries have rela- 
tively few branches compared to other vessels of similar 
caliber, and may have a paucity of vasa vasorum normally. 
Compromise of vasa vasorum, when a sparsity already ex- 
ists, may result in mural ischemia. The concept of in- 
sufficient vessel wall nourishment causing dysplastic le- 
sions, such as those seen in medial disease, is supported by 

*the frequent involvement of the outermost part of the me- 
dia where ischemia predictably would be greatest. Fibro- 
dysplasia limited to the inner part of the media has not 
been encountered. Experimental studies lend credence to 
the theory that mural ischemia plays an important role in 
the evolution of dysplastic lesions.” Unusual physical 
-stresses in a conducive hormonal environment, with super- 
imposed mural ischemia, may be prerequisite to the gen- 
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esis of arterial fibrodysplasia. 
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E RoBERT C. Lim, JR., MD, San Francisco: The authors have done a 
wi nice job in dissecting this entity and classifying it into four differ- 
ent categories according to different etiologic agents: (1) intimal 
= fibroplasia, most commonly seen with stress; (2) medial hyper- 
Ai plasia with isolated hyperplasia of smooth muscle; (8) perimedial 
dysplasia occurring commonly i in the midrenal artery; and (4) me- 
dial fibroplasia, which is also known to many of us as fibro- 
muscular hyperplasia. This last group is the most common and 
s represents 85% of the diseased renal arteries presented. 
_ We also have been interested in this disease and have noted 
gradations i in the histologic picture. In an overview of the patho- 
i are entity, one cannot but be struck with the possibility that 
what we are seeing is a bell-shaped curve with intimal fibroplasia 
l E atone end and perimedial dysplasia at the other end, with medial 
= fibroplasia in the middle. I would like to ask the authors if they 
he ve dene serial sections in these specimens, and if there is, in- 
~ deed, a mixed histologic picture with predominating features that 
ithologists routinely hang the diagnosis on, and whether, if 
th ese are distinct entities, this fact will influence our clinical ap- 
proach to the patient. 
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Discussion 


Dr. Fry: I wish to express our appreciation to Dr. Lim for his 
fine discussion. 

We have obtained serial sections on many of our specimens and 
failed to see the entire spectrum of dysplastic disease as pre- 
sented in this paper. We have seen, on occasion, intimal fibro- 
plasia beyond stenoses, and we believe this is secondary to local 
damage from eddy currents of the blood. Certainly the perimedial 


and medial dysplastic lesions seem to be a continuum. Medial hy- 


perplasia and primary intimal fibroplasia, at least in our present 
experience and knowledge, do not fit into a continuum of this dis- 
ease. 

This departure from the previous classifications of arterial fi- 
brodysplasia opens up a vista for the experimental surgeon and 
biologist to determine whether estrogen, occlusion of the vasa 
vasorum, or trauma by traction are important in the etiology of 
dysplastic lesions. Perhaps the role of these factors can be clari- 
fied in attempts to reproduce this disease entity in the experimen- 
tal animal. This has not been done in the past. We hope that this 
will be the start of larger studies to delineate the pathogenesis of 
arterial fibrodysplasia. 
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Menstrual irregularities, altered libido, gyneco- | 
mastia, weight gain; false positive pregnancy — ix 
tests. Urinary retention, incontinence; fever, AE 
laryngeal edema and angioneurotic edema, asthma. 
Hyperpyrexia, behavioral effects suggestive ofa  — 
paradoxical reaction, including excitement, bizarre 


dreams, aggravation of psycheses and toxic _ AA 
confusional states. ECG changes. While thereis | 
no evidence that ECG changes are in any way a 
precursors of any significant disturbance of a 


cardiac rhythm, sudden and unexpected deaths 
apparently due to cardiac arrest have been 
reported in a few instances in hospitalized 
psychotic patients previously showing character- 
istic ECG changes. A peculiar skin-eye syndrome, _ 
which is marked by progressive pigmentation of “a 
areas of the skin or conjunctiva and/or accom- i 
panied by discoloration of the exposed sclera and 
cornea, has also been recognized as a side effect 
following long-term treatment. Opacities of the 
anterior lens and cornea described as irregular or 
stellate in shape have also been reported. a 
Drug Interactions: Phenothiazines are capable of ah 
potentiating CNS depressants (e.g., anesthetics, 
opiates, alcohol, etc.) as well as atropine and 
phosphorous insecticides. The drug may inducea 
reversed epinephrine effect on occasion. — 


-~ For complete details, please see full pinerang: 


information. l E 
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The Solitary Pulmonary Nodule 


George A. Higgins, MD; Thomas W. Shields, MD; Robert J. Keehn 


Over a five-year span 1,134 patients with asymptomatic solitary 
pulmonary nodules were entered into a cooperative study. Of the 
392 lesions found to be primary bronchogenic carcinoma, 67 pa- 


l tients were living and under observation ten years following oper- 


ation. In the study, 32% of lesions were primary bronchogenic carci- 
noma, the incidence being 51% in patients above the age of 50 
years. “Curative” resection was possible in 309 patients (78.9%) 
with a five-year observed survival of 38.5% and a ten-year observed 
survival of 20.1%. Factors that influenced long-term survival were 
size of lesion, age at operation, and interval between the last normal 
and the first abnormal x-ray film. Histologic cell type and extent of 
resection were not found to influence long-term survival. 


"ap URA 1958 and 1963, a total of 1,134 patients with 
asymptomatic solitary pulmonary nodules were en- 
tered into a cooperative study utilizing material from 78 
Veterans Administration and Armed Forces hospitals. 
Following the death of John Steele, MD, who had served 
as chairman of the cooperative group, and subsequently 
Philip Buell, who had been the participating statistician, 
responsibility for follow-up of the remaining patients was 
assumed by the Veterans Administration Surgical Adju- 
vant Group (VASAG), whose membership had contributed 
a large number of the patients accumulated in the study. 
A number of preliminary reports dealing with various 
findings of the study have been published.’ All patients 
entered into the study have now been under observation 
for a minimum of ten years. This report concerns itself 
primarily with the ten-year analysis of the 392 patients 
with the diagnosis of primary bronchogenic carcinoma, 67 
of whom were alive and free of disease at the ten-year 
postoperative period. 
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Ten-Year Follow-Up of Veterans Administration-Armed Forces Cooperative Study 


REVIEW OF CASE MATERIAL 

Criteria for inclusion of a pulmonary nodule in the 
study were as follows: (1) A definite diagnosis must not 
have been established preoperatively. (2) There should 
have been no symptoms referable to the nodule. (3) The 
nodule might be of any size and shape, but it must have 
been sharply circumscribed, although not necessarily with 
smooth borders. (4) The nodule might contain roentgen- 
ographic evidence of calcium and might be cavitated. (5) 
Other pulmonary disease unrelated to the nodule in ques- 
tion might be present. All these criteria were adhered to 
except the one concerning size. Only 12 nodules submitted 
were larger than 6 cm in diameter, ten malignant and two 
benign. It was therefore decided that only those lesions 6 
cm in diameter or less would be included in the final tabu- 
lation. Histologic diagnosis in the patients entered into 
the study was as follows: malignant tumors (males), 428 
(392 bronchogenic carcinoma and 36 other); hamartoma, 
65; granuloma, 474; other lesions, 32; nodules (females), 54. 
It was realized that questions would arise concerning suit- 
ability for inclusion in many instances; however, partici- 
pants were urged to submit questionable cases. All of 
these were subsequently reviewed by a jury of represent- 
atives from hospitals in the study, and 81 of the 1,134 were 
noted to be unsuitable, although approximately the same 
number submitted as questionable were accepted. 

As the study progressed, it became obvious that the 
number of female patients having resection was small. 
Because of this preponderance of male patients, it was de- 
cided to exclude the 54 females from the analysis. In the 
latter stages of the study, accrual of patients with nonma- 





Table 1.—Pulmonary Nodule Study: Presence of Calcium, 
Cavitation, Radiolucency, or Satellite Lesions 










Radio- 








No. Diagnosis Calcium Cavity lucency Satellite 
280 Primary carcinoma 10 12 18 3 
65 Hamartoma 3 0 0 0 
22 Tuberculoma 6 4 17 10 
Histoplasmoma 15 2 4 s 
1 9 
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‘Fig 1.—Observed ten-year survival in 309 patients undergoing 
“curative” resection and 61 patients undergoing palliative resection 
in solitary pulmonary nodule study. 


lignant lesions was discontinued so that the above data, 

detailing the entire experience, is not representative of 

the various lesions encountered. However, during the ac- 

crual time when all lesions were being entered, 887 lesions 
ř in male patients were submitted. Malignant tumors con- 

stituted 36% (316) of the total, with 32% (280) being pri- 
mary bronchogenic carcinoma, metastases and miscellane- 
ous malignant neoplasms constituting the remaining 
4% (36). The histologic diagnosis of the remainder was as 
follows: hamartoma, 7% (65); granuloma, 53% (474); pleural 
and chest wall tumor, 1% (nine); and miscellaneous lesions, 
3% (23). If those patients under 50 years of age are ex- 
cluded, the incidence of primary bronchogenic carcinoma 
rises to 51% (218), with an additional 5% (23) comprised of 
other malignant lesions. The incidence of granuloma in 
this group was 30% (126); hamartoma, 10% (42); and mis- 
cellaneous, 4% (17). These figures emphasize the hazard of 
procrastination once a nodular pulmonary lesion is dis- 
covered. 

Roentgenographic characteristics of 529 lesions re- 
viewed early in the study can be seen in Table 1. Calcifica- 
tion, cavitation, radiolucency, or satellite lesions cannot be 

) relied on per se to determine the malignancy or benig- 
f nancy of a peripheral pulmonary lesion. Very few nodules 
*showing concentric or dense calcifications were submitted. 


Bronchogenic Carcinoma 


A total of 392 patients with the diagnosis of primary 
bronchogenic carcinoma were accrued in the study. At op- 
eratjon the lesion was found to be unresectable in 22 
(5.6%), primarily because of mediastinal extension. In an 

3 additional 61 patients (15.6%), the resection was classified 
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Fig 2.—Observed survival in 309 patients undergoing “curative” 
surgery in the Asymptomatic Pulmonary Nodule Study (APNS) com- 
pared with 957 patients undergoing “curative” resection in the Vet- 
erans Administration Surgical Adjuvant Study (VASAG) who had no 
adjuvant chemotherapy. 


as palliative, primarily because of the presence of hilar 
nodes. As demonstrated by long-term follow-up data, this 
clinical assessment of completeness of resection is im- 
precise at best, an observation previously made by the 
VASAG.° In the remaining 309 patients (78.8%), a clini- 
cally “curative” resection was possible, that is, in the 
opinion of the surgeon there was no residua! or metastatic 
disease present and no tumor was found at a resection 
margin. Analysis of data in the 370 patients on whom re- 
section was possible constitutes the basis of this report. 
The 30-day operative mortality was 6.4%. 


Long-Term Survival 


Of the 370 patients in whom resection was possible, 67 
were living and free of disease ten years following oper- 
ation. Follow-up of these patients has been 100% because 
of the comprehensive Veterans Administration central 
master index and locator files. Survival curves for these 
patients is shown in Fig 1. The five-year observed survival : 
in “curative” patients was 38.5%, with 20.1% survival at { 
the ten-year observation point. Five patients considered f: 

$ 
~h 





to have had palliative resection were alive at the five-year 
point and were still living ten years postoperative, the 
original assessment of residual disease obviously being 
faulty. 

An assessment of the prognostic advantage of resecting 
an asymptomatic lesion while still in the nodule phase can 
be gained by comparing survival data in this series with 
the experience of the VASAG comprised of all resectable 
lung cancer (Fig 2). Since some patients were included in 
both studies, those reported to be asymptomatic were ex- 
cluded from these adjuvant data to obtain a more valid 


| 
| 
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Table 2.—Standard Mortality Ratios (SMR): 
ASPN and VASAG Experience* 











Post- 















operative ASPN VASAG Relative 
Com- Risk, 

pleted Observed Observed ASPN/ 

Years Deaths SMR Deaths SMR VASAG 
0-10 269 5.44 414 7.68 0.71 
0-2 157 9.12 298 14.17 0.64 
2-10 112 3.47 116 3.53 0.98 









* Asymptomatic solitary pulmonary nodule study, ASPN; Veterans 
Administration Surgical Adjuvant Group, VASAG. 


Table 3.—Lung Cancer: Percentage 
Distribution by Cell Type* 


VA 
Lung 
ASPN Wollner? VASAG Group’? Yesner’ 
(370) (76) (842) (653) (2,897) 
Squamous cell 
Undifferentiated 
small cell 
_ Adenocarcinoma 
Undifferentiated 
large cell 
Mixed 





* Asymptomatic solitary pulmonary nodule study, ASPN; Veterans 
Administration Surgical Adjuvant Group, VASAG. 


Table 4.—Asymptomatic Pulmonary Nodule: 
Histologic Cell Type 


Cura- Pallia- 
Cell Type tive tive Total „Percent 


Squamous cell 67 10 77 21 


Adenocarcinoma 
(including bronchiolar) 99 17 116 31 
(Bronchiolar) (30) (6) (36) (10) 


Undifferentiated large cell 115 26 141 38 
Undifferentiated small cell 11 4 15 

Mixed 17 4 

Total 309 61 370 


Table 5.—Asymptomatic Solitary Pulmonary Nodule 


(ASPN) Group Survival by Cell Type: ‘‘Curative’’ Resections 


°% Survival Year 


10 yr 
16.4 


No. lyr 5 yr 
Squamous cell 67 76.1 40.3 
Adenocarcinoma (including 
bronchiolar) 99 
Adenocarcinoma 
(excluding bronchiolar) 69 
Bronchiolar 30 
Lange cell undifferentiated 115 
Small cell undifferentiated 11 


80.8 39.4 20.2 


82.6 
76.7 


69.6 
63.6 
= 17 64.7 
T f 309 74.1 


39.1 
40.0 


36.5 
36.4 
29.4 
38.5 


18.8 
23.3 


22.6 
18.2 
17.6 
20.1 
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comparison. At the five-year point, survival in the nodule 
group was somewhat better (38.5% compared with 26.3%); 
however, at the ten-year point, survival was essentially 
the same (20.1% compared with 16.4%). It must be remem- 
bered that in patients with nodules, operability is almost 
100% and the rate of resectability is quite high, whereas 
the total resectability rate for lung cancer in general is 
below 25%. In a further effort to evaluate prognosis, stan- 
dard mortality ratios were computed for patients in the 
pulmonary nodule study and the VASAG study to obtain 
age-adjusted relative risk of dying during follow-up. In an 
effort to achieve comparability in the two groups of pa- 
tients, bronchiolar carcinoma was excluded from the soli- 
tary nodule experience since these patients were not in- 
cluded in the early VASAG experience and only those 
patients in the VASAG experience reported to be sympto- 
matic were used. As shown in Table 2, mortality for the 
full ten years was 5.4 times normal expectation for the 
nodule group; 7.8 times that expected for the VASAG. 
This increase was highest in the first two-year period of 
follow-up, although in the two- to ten-year period there 
was still a three times greater risk of mortality in both 
groups than normal expectancy. Age of patients in the 
two groups was not strictly comparable since more 
younger patients were entered into the nodule study, es- 
pecially from the 13 Armed Forces hospitals participating. 
This more favorable mortality experience in the nodule 
cases cannot be attributed to this, however, since the age- 
adjusted risk of dying within ten years following oper- 
ation was only 71% of that for the VASAG. 





Cell Type 


Observer variability in the diagnosis of lung cancer has 
been well documented.*” The World Health Organization 
classification, compiled in an effort to obtain worldwide 
standardization by pathologists, has not been widely ac- 
cepted.* For the nodule study, original histologic diagnosis 
by the individual hospital pathologist was reviewed by a 
pathology panel and final classification determined. The 
relatively simple classification system used is shown in 
Table 3. Percentage of lesions classified under the five 
categories is shown for the 370 resected patients in the 
nodule study in column 1. For comparison purpose, tabula- 
tion of a small group of patients by Wollner’ of the Mayo 
Clinic using only peripheral lesions; by the VASAG; by the 
VA Lung Cooperative Group’ for a group of nonre- 
sectable patients; and by Yesner’ for a large collection of 
all types of patients are also depicted. Further refinement 
of the histologic cell type data in the nodule study is 
shown in Table 4. As would be anticipated, the large per- 
centage of patients in this study comprised largely of pe- 
ripheral circumscribed lesions is either adenocarcinoma or * 
undifferentiated large cell carcinoma that shows many of 
the characteristics of adenocarcinoma. 

Survival by cell type is shown in Table 5 for the 309 pa- 
tients having “curative” resection. Careful scrutiny of 
these figures shows that there is no statistically signifi- 
cant difference in survival at either the five-year or ten- 
year period between the various cell types. Attempts to 
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Fig 3.—Ten-year observed survival in 179 patients undergoing 
“curative” resection with lesions smaller than 3.5 cm in diameter 
compared with the 130 patients having lesions 3.5 cm and above in 
diameter, showing increased survival in smaller lesions. 


construct survival curves would result in essentially over- 
lapping lines. In earlier reports of this study, this failure 
of cell type to exert any influence over long-term survival 
was reported, although both large and small cell undif- 
ferentiated tumors were grouped together. Further re- 

T finement of the cell type classification has only confirmed 
this failure of cell type to be a prognostic factor. A some- 
what larger percentage of squamous cell lesions were 
found in older patients, but this did not appear sufficient 
to alter survival figures. 


Size of Nodule 


Roentgenograms on all patients entered in the study 
were reviewed by one reader, and the size of the lesion 
measured to the nearest centimeter. Survival curves for 
the total 309 patients undergoing “curative” resection are 
shown in Fig 3, comparing those lesions above 3.5 cm in 
diameter with those below that figure. This improved sur- 
vival in smaller lesions confirms previously reported data 
from the study in which the lesions were subdivided into 
three groups, showing a progressive improvement in sur- 
sal vival with smaller lesions.’ 

| Review of the 22 patients found to have unresectable 
lesions at operation showed no relation between size and 
eresectability.’ 


Age at Operation 


As would be anticipated, survival in those patients un- 
der 55 years of age at the time of operation was consid- 
erably better than in those patients above that age. It is 
also of interest that survival in the large number of pa- 

w tients over the age of 65 appears to be slightly better than 
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Fig 4.—Ten-year observed survival in 309 patients undergoing 
“curative” resection, subdivided into three age groups. 


for those patients age 55 to 64 (Fig 4). Simultaneous sur- 
vival figures based on age at operation and nodule size 
were compiled, but the effect of nodule size on survival 
was similar for the three age groups under consideration. 


Extent of Resection 


Survival in the 309 patients undergoing “curative” re- 
section is shown in Table 6. Lobectomy was carried out in 
over 80% of the patients so that numbers in the other two 
categories are small. As would be anticipated, the one- 
year survival was less in the pneumonectomy group due to 
increased operative mortality and the fact that location 
and extent of disease were less favorable in these pa- 
tients. However, at the five-year period, survival was es- 
sentially the same in all three groups. At the ten-year 
period, decreased survival in the pneumonectomy group 
might reflect the prolonged effects of pulmonary insuffi- 
ciency. 

Of the five patients originally classified as having pal- 
liative resection who survived at the five-year and at the 
ten-year observation periods, three had lobectomy and 
two had pneumonectomy. 


Interval Between Last Normal and First $ 
Abnormal X-ray Film 


Wide-scale efforts at earlier diagnosis by means of x- 
ray screening programs have, for the most part, been dis- | 
appointing. Most patients in this study were not detected 
by case finding methods but by the screening of hospital 3 
admissions. In 70 of the 309 “curative” patients in the 4 
study, a normal chest x-ray film taken within one year 
prior to diagnosis was available. In the remaining 239 pa- 
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aa 3 Fig 5.—Ten-year observed survival in patients having “curative” 

“ide resection comparing those having less than one-year interval be- 
oe last normal and first abnormal chest x-ray film and those in 
= whom interval was more than one year. 
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- tients, the interval was beyond one year or unknown. Sur- 
- vival curves in these two groups of patients are shown in 
Te 5. As one would anticipate, survival in those patients 

ith a normal chest x-ray film less than one year prior to 
_ diagnosis was somewhat poorer than in the remaining 
group, since the slower growing tumors tend to occur in 
_ the long interval group. 
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, k Tumor Growth Rate 















There have been many excellent studies of tumor 
growth rate in lung cancer, since pulmonary opacities are 
E usually suitable for measurement, as opposed to most 
Eo other malignant neoplasms." In theory, cancer would 
- begin with one or at most a few malignant cells and in- 
a _ crease geometrically at least up to the size when growth is 
mg -limited because of impaired vascularity. In this study, 72 
_ patients had two or more abnormal x-ray films over an ap- 
-— propriately long interval so that volume size could be cal- 

culated and doubling time determined. In four of these 
| x patients there were four different measurements possible, 
and in eight patients three different measurements were 
_ made. Extensive discussion and analysis of these data has 
_ been made ina previous publication.‘ When doubling time 
i 4 is plotted on semilogarithmic paper, the resulting curve 
_ for the most part is a straight line, indicating that volume 

- doubling follows a geometric increase corresponding to 
a cell population increase. As in other reported series, there 
a . was a wide range of doubling times, varying between 30 

_ days in the fastest to 490 days in the slowest. The major- 
a ity fell between 60 and 150 days, with a mean doubling 

time of 120 days. This figure is unduly large because of a 
_ few patients with extremely long doubling time. In their 
P bliain, Steele and Buell demonstrated a substantial 
= effect of doubling time on five-year survival; however, 
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% Survival 
Type of Resection No. lyr 5 yr 10 yr 
Lobectomy ; 251 74.9 38.6 21.9 
Pneumonectomy 29 65.5 37.9 10.3 


















Segmental and other 29 75.9 31.0 
Total 309 








they did state that the primary size of the lesion at the 
time of operation appears to be an equally important fac- 
tor in survival.‘ At best, when the lesion reaches the ap- 
proximately 1 cm detectable size, it has been present and 
growing for several years. 


Cause of Death 


A review of records was carried out in an effort to ascer- 
tain cause of death and, as might be anticipated in long- 
term follow-up patients, this was not entirely satisfac- 
tory. Of the 192 deaths in the 309 “curative” patients dur- 
ing the initial five-year postoperative period, 65% were 
due to carcinoma, including six second primary lesions, 
while the remaining 35% were noncancer deaths. In the 61 
palliative resections, 56 died during the first five-year pe- 
riod. Only 11 of the deaths were considered to be due to 
causes other than cancer, and these all occurred in the 
first three years. Five patients in this group have survived 
the full ten-year observation period. 

Analysis of the 55 late deaths occurring in the five-year 
to ten-year postoperative interval reveals that 26 patients 
died of carcinoma, seven thought not to be due to lung 
cancer, the remaining 19 dying of cancer of the lung. 
Twenty-nine of the deaths were thought to be unrelated 
to cancer. While two thirds of the patients dying of recur- 
rent or persistent lung cancer occurred in the first two 
postoperative years, patients continued to die, presumably 
from this cause, through the ten-year observation period. 


COMMENT 


The ominous cancer potential of a solitary pulmonary 
nodule has become well established with the emergence of 
bronchogenic carcinoma as a major health problem. As in- 
dicated in this study, any such lesion, even though asymp- 
tomatic, occurring in men above the age of 50 has a 
greater than 50% chance of being primary bronchogenic 
carcinoma. This should leave no doubt about the advis- 
ability of prompt operative intervention when such a le- 
sion is encountered. While lesions such as this constitute 
only approximately 5% of lung cancer, the resectability 
rate of almost 95% places these patients in the potentially 
curable category, in contrast to the total picture of lung 
cancer in which the vast majority of patients are beyond 
the realm of surgical resection when first diagnosed. 

Of interest is the observation that 16.5% of the resec- 
tions were considered to be palliative in nature. Despite 
this, five patients (8.2%) of this palliative group were liv- 
ing five years following operation and indeed were still 
alive at the tony ear observation point. Obviously the as 
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sessment of residual disease was in error. A clinical as- 
sessment of residual disease following resection, while 
correct most of the time, is still imprecise, and this classi- 
fication can only be made accurately when microscopical 
proof of residual disease in the hemithorax is made. 
When curative resection was possible, five-year survival 
in the peripheral nodule group was somewhat better 
(38.5% vs 26.3%) than in patients with symptomatic lesions 
in the VASAG study. At the ten-year observation point, 
however, this improved survival was considerably less 
(20.1% vs 16.4%). It is significant that a large number of 
patients dying between the fifth and tenth postoperative 
year were reported to have died of carcinoma of the lung. 
Many of these lesions must be considered to be second pri- 
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mary tumors, as has been noted previously by us. Thus 
any long-term survivor must be considered in the high- 
risk group for the development of a second primary lung 
cancer and should be reevaluated at frequent intervals in 
the remote follow-up period. 


In an endeavor such as this, spanning 15 years and involving 65 Veterans 


Administration and 13 military hospitals, listing all the individuals who 


contributed to the study is impossible. Names of the surgeons who contrib- — 


uted patients as well as some of the consultants to the study can be found 
in earlier publications.‘ Special tribute must be paid to John D. Steele, MD, 
formerly Chief of Surgery at the Veterans Administration Hospital, San 
Fernando, Calif, and Philip Buell, statistician, of the California Depart- 
ment of Public Health, neither of whom survived the final follow-up period, 
and Georgia Workman, secretary for the study for many years. Throughout 
the study, Lyndon E. Lee, Jr., MD, of the Veterans Administration Central 
Office, provided support and guidance to make this endeavor possible. 
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Discussion 


GEORGE H. LAWRENCE, MD, Portland, Ore: This is another of Dr. 
Higgins’ excellent compilations of the data that have been re- 
trieved by the cooperative study, and it gives us a better perspec- 
tive of the true picture of bronchogenic carcinoma. 

I would like to compare this large cumulative series with a 
closely inspected series in a community hospital of 300 beds on 
which a study was carried out between 1961 and 1964. These pa- 
tients have since been followed-up by a second questionnaire and 
examination. 

Our experience with bronchogenic lesions 3 em or smaller is 
roughly comparable to that reported by Dr. Higgins in the multi- 
institution series. Prior to 1961, when we were not as selective, our 
yield was far lower. Dr. Clagett reports a similar figure for those 
lesions of 4 cm or smaller. 

Our experience, however, did differ from the present series in 
that we experienced a far more favorable result in squamous cell, 
as opposed to adenocarcinoma. 

I would like to ask Dr. Higgins of the common denominators in 
the five of the 61 long-term survivors who had palliative resec- 
tions. Were these of the superior thoracic strait? Did they have 
supplementary cobalt of adjuvant chemotherapy? 

A very real question has been pinpointed by this series. If 60% 
of the explorations did not reveal a bronchogenic carcinoma, is 
this the norm? Should this be our expected rate in community hos- 
pitals in order to apprehend nearly all of the small lesions? Each 
of us is going to have to face this issue. 

JogepH W. Napa, MD, Portland, Ore: I would like to ask 
whether the measurements that were made in estimating dou- 
bling time refer to the diameter, the area, or the estimated volume 
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of the lesion. This is important to know because, of course, a dou- 
bling of the diameter corresponds to an eightfold increase in the 
volume. 

Dr. Hicarns: In answer to Dr. Nadal’s question, this is a calcu- 
lated volume using two diameters and then calculating the 
volume. 

As to the palliative lesions, Dr. Lawrence, this classification was 
made primarily on a histologic basis, although any patient with 
nodes in the mediastinum was placed in the palliative group. Ob- 
viously this was prone to error, because five of those patients are 
still living ten years or more after the resection. 

I think you hit on the real thrust of this paper: what are the in- 
dications for operation in a patient with a solitary pulmonary nod- 
ule? There was an article in JAMA (227:1141, 1974) that took sur- 
geons to task for operating on too many of these patients, and I 
guess one reason that the article sort of annoyed me was that 
when the author quoted me he not only spelled my name wrong, 
but he also misquoted our paper. There was also an editorial 
(227:1167, 1974) that pointed out some of the inaccuracies in the 
article. 

Certainly we must use some judgment in the management of 
these patients, but in the older age individual, particularly, if he 
has any smoking history, or even the younger patient with a 
smoking history, I think we must have a very high index of suspi- 
cion for cancer in any peripheral lesion. With all of the efforts we 
are making to solve the lung cancer problem, the only patients 
who are going to be cured of this disease are patients who have re- 
section before the lesion has spread. 


The Solitary Pulmonary Nodule/Higgins et al 575 


[= r ` mee a ng- rn n 
à a> es . i Pa P Jr Be, Aa cn Í 
alaf 4 ett le. | —— i* -FON pi ! - 
we 3 sor a= ees ae obs, oe 
4 








) 
a 
j 
A 





a 


“io 


F p > 
W y 





Changes in Functional Residual Capacity 


_ of the Lung After Operation 


4 A “pA gr . 


a $ i 


a. 
Be 
= Functional residual capacity (FRC) of the lung was measured by 
= the closed-circuit helium equilibration method before and for five 
= days after upper abdominal operations in 28 patients (25 had cho- 
= lecystectomies). Measurements in many were made with the patient 
i i both sitting in bed and sitting in a chair. Vital capacity (VC), residual 
x -volume (RV), and forced expiratory volume in one second (FEV,), as 
= well as FRC, all decreased after operation, with the maximum de- 
a Crease on days 1 and 2 and a gradual return toward preoperative val- 
= ues by day 5. Patients with 40% or less decrease in FRC after oper- 
~ ation did not develop pulmonary complications. Change in position 
___ from bed to chair increased FRC 14.2% preoperatively and 17% post- 
= operatively. The use of intermittent positive pressure breathing had 
no measurable effect on FRC. Similar changes in FEV,, VC, and RV 
: E also occurred, with maximum decreases on day 1. 


rs 

E E. orma complications following operation con- 
SS tinue to be a major cause of postoperative morbidity. 
These pulmonary changes have been ascribed to atelec- 
= tasis and alterations in normal ventilatory mechanics, 
= such as lack of sighing and periodic deep breathing. How- 
ever, the specific changes in pulmonary functions after op- 
= eration have often been described rather than accurately 
~ measured. The purpose of this clinical investigation was to 
_ measure in a prospective study the changes in lung func- 
= tion following upper abdominal surgery, with special at- 
= tention to the changes in the functional residual capacity 
(FRO) of the lung, since this appears to reflect most accu- 
= rately alterations in alveolar inflation or collapse. Func- 
eS tional residual capacity is defined as the volume of gas in 
the lungs and airways at the end of a spontaneous expira- 
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tion. It can be measured easily by an open-circuit nitrogen 
washout method or by a closed-circuit helium method with 
repeated measurements varying by only 5% to 6%. If 
uninflated or collapsed alveoli (focal atelectasis or micro- 
atelectasis) and small airway closure are produced by op- 
eration and predispose to clinical pulmonary complica- 
tions, then early verification and precise measurement of 
these defects would help in (1) defining the problem, (2) 
suggesting specific therapeutic measures to reverse or 
ameliorate these changes in surgical patients, and (3) 
evaluating the results of such therapy. Nearly all patients 
in the study underwent cholecystectomies; hence, the pop- 
ulation was fairly uniform. 


SUBJECTS AND METHODS 


Measurements of pulmonary function were obtained in 28 pa- 
tients undergoing elective upper abdominal surgery under general 
anesthesia. Patients were selected randomly from the operating 
schedule without regard to state of health, age, sex, or body 
habitus. There were ten men and 18 women, ranging in age from 
18 to 69 years (mean, 45.3). Of the 28 patients, 25 had cholecystec- 
tomies, one a ventral herniorrhaphy, one a subtotal gastric resec- 
tion, and one a splenectomy. Most patients had right paramedian 
incisions. A few had right subcostal incisions. All patients had 
general anesthesia (halothane in most) with endotracheal intuba- 
tion and assisted ventilation during the operation. Ten of the pa- 
tients received intermittent positive pressure breathing (IPPB) 
therapy after surgery. The remainder had no specific pulmonary 
therapy, except for the use of the incentive respirometer on a few 
occasions. Pulmonary function studies were obtained on all pa- 
tients on the day before operation and daily for five days follow- 
ing operation. These studies were performed at the bedside, elimi- 
nating any transportation and mobilization of the patient that 
could have affected the results. 

Data were collected while the patient was either sitting in ed 
or sitting in a chair. No measurements were made while the pa- 
tient was in the supine position. Measurements in bed were ob- 
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¥ tained with the head of the bed elevated and the patient in a max- 


imal sitting position, legs extended in the bed. Measurements in a 
chair were obtained while the patient was sitting in a straight- 
back chair, arms resting on the armrests of the chair. To obtain 


-~ the maximal sitting position in bed, the back of the bed was ele- 
_ vated as far as possible to approximately 90° and the shoulder 


height was marked on the bed to prevent the possibility of 
changes in this position during the postoperative study. In addi- 


_ tion, the same bed was used in both the preoperative and postop- 


erative periods to decrease errors in positioning. The measure- 
ments were done at approximately the same time each day by the 
same technician. 

The measurements that were obtained included FRC, residual 
volume (RV), vital capacity (VC), and forced expiratory volume in 
one second (FEV,). Of the 28 patients studied, ten were studied in 
both the bed and the chair positions, 16 were studied only in the 
maximal sitting position in the bed, and two were studied only in 
the sitting position in the chair. 

The pulmonary function studies were obtained by the patient 
using a mouthpiece, a noseclip, and a 13.5-liter respirometer (Col- 
lins) with a helium meter constructed on a portable cart that was 
moved to the bedside. All measurements except the FRC and RV 
were read directly off the kymograph paper. The FRC was calcu- 
lated using the closed-circuit helium method in which 900 to 1,100 
ml of 100% helium were added to the closed spirometer circuit con- 
taining a fixed volume of room air.' This mixture was constantly 
circulated throughout the system by an electric blower, and the 
initial percent concentration of helium was read and recorded be- 
fore the patient was allowed to breathe the mixture of gas in the 
spirometer. Beginning with the end of a normal expiration, the 
patient continued to breathe at a normal tidal volume until a con- 
stant, final helium concentration was obtained. This indicated 
equilibrium of helium concentration between the lungs and spiro- 


Table 1.—Paired Measurements of FRC in Bed and 
Chair Sitting Positions in Normal Patients Preoperatively 


Differ- % 
ence, ml Change 


1,790 
1,230 
1,310 
1,820 
1,480 
2,290 
2,080 
2,440 
2,220 

10 1,890 
Mean 1,855 


1,020 
1,210 
1,620 
1,380 
2,270 
2,040 
2,350 
2,210 
1,750 
1,756 


Chair 
11 1,880 1,720 


12 1,030 970 
13 1,120 1,090 
14 2,220 2,180 
15 1,880 1,830 
16 2,020 1,900 
17 2,800 2,640 
18 2,380 2,230 
19 2,720 2,680 
"20 2,120 1,990 

~ Mean 2,017 1,923 
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‘ments, paired measurements of FRC were obtained in both the 4 


meter. From these data, the FRC 4 was caleulated using the follow- Es 
ing formula: 


] 
FRC = He added (ml) 3 
Initial He (% concentration) ae 
Initial He (% concentration) — Final He ( % concentration) ho 
Final He (% concentration) “a y. 
“ turn in” | | oa ] — 100 ml, where temp corr is 1. 075 T E 
orr 7 ihe g.. ; 


for 25C. ee 


As 


Other measurements that were recorded on a daily basis in- : 
cluded temperature, pulse, respiration, blood pressure, and, on oc- 
casion, arterial blood gas. Each patient had a preoperative chest 
roentgenogram taken in the standing, anteroposterior, and lateral 
positions approximately 12 hours before the operation. Postopera- — 
tive chest roentgenograms were obtained only on those patients 
who developed clinical manifestations of respiratory difficulties. 
Evidence of clinical pulmonary dysfunction was recorded. —_ 

In order to determine the reproducibility of the FRC measure- 
bed and the chair positions in ten preoperative patients. The mean . 
difference in the bed position was 99 ml or 6.1%, and the mean dif- 


ference in the chair position was 94 ml or 4.7% (Table 1). : E 
ae 
RESULTS : a 


In all patients there was a decrease in FRC in the ponto 
operative period, with a maximum reduction occurring on b- 
the first postoperative day. This decrease in FRC per- 
sisted into the second day following operation, with grad- ‘a 
ual return toward preoperative values over the next three — = 
days. The FRC increased in all patients when changed à 
from the bed to the chair position both preoperatively and 
postoperatively (Table 2). al 

The postoperative reduction in FRC becomes more ap- 4 
parent when calculated as percent of the preoperative val- 

ues (Table 3). On postoperative day 1, the FRC measured 
in bed varied from 42.1% to 95.3% of the preoperative val- 
ues, with a mean of 69.3% (30.7% decrease). Similar mea- 
surements in the chair position had a range of 446% to 
86.8% of the preoperative FRC value, with a mean of ~ 
71.0%. The mean values for FRC as percent of preopera- 
tive FRC on postoperative day 2 were 74.4% in bed, 77.0% E r 
in chair; postoperative day 3, 82.8% in bed, 82.3% in chair; 
postoperative day 4, 86.5% in bed, 86.6% in chair; and on 
postoperative day 5, 90.5% in bed, 93.9% in chair. Thus, in — 
most instances there was a rapid, progressive return of 
the FRC to the preoperative values by the fifth porren S 
tive day. 

Of interest were five patients who developed severe re- 
ductions in FRC on postoperative day land were found to 
have obvious clinical manifestations of pulmonary dys- 
function. This was characterized in these patients by tem- 
perature elevations, decreased breath sounds at both lung = ! 
bases, abnormal findings on chest roentgenograms postop- 
eratively, and hypoxemia by blood gas measurement in — 
several. The FRC in these patients decreased from 42% to 
58% of their preoperative values and showed a persist- _ 
ently low value and a slow return toward preoperative val- 
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l had an arterial oxygen tension value (Pao,) of 50 mm Hg 
$ a on the first postoperative day. These patients also had the 
Sieg decreases in VC, FEV,, and RV after operation. 
Three of these five patients were markedly overweight 
(2, 6, 40.7, and 42.9 kg [50, 90, and 95 lb] over ideal 
: x weight), and over the age of 50. Three of these patients 
= also received IPPB therapy postoperatively with nọ ap- 
E parent affect on the FRC. A number of measurements of 
 FRCi in other patients, both before and after IPPB ther- 
apy, failed to show improvement in the FRC values. In 
Š this study a reduction in FRC of over 30% was nearly al- 
- ways associated with early, overt, clinical pulmonary com- 
: plications manifested by fever and abnormal findings on 
i f Pec sical examination and chest roentgenogram. 
___In the ten patients in whom FRC was measured in both 
_ the upright bed and chair position, there was an increase 
_in the FRC on changing from bed to chair as shown in 
| Table 5. Preoperatively, the mean value of this increase 
was 14.2%. Postoperatively, the FRC increase with change 
in position had a mean of 17.3% on postoperative day 1, 
ee on postoperative day 2, 17.0% on postoperative day 
= 8, 13.9% on postoperative day 4, and 17.4% on postopera- 
E: We day 5. In several instances on the first postoperative 
A day, the change of position caused an increase in FRC of 
re more than 20%. 
= Similar to FRC findings, other pulmonary measure- 
f: ments obtained postoperatively, including VC, FEV,, and 
RY, showed decreases following surgery (Figure and Ta- 
l ae bles 6 through 8). As was found with the FRC, the max- 
_ imum changes in these functions occurred during the first 
band second postoperative days. The greatest changes were 
observed in the VC and in the FEV,, which were de- 
_ pressed to 47% and 46% of the preoperative values, respec- 
a Ee tively The RV showed a much smaller decrease, dropping 
to only 78% of the preoperative value on postoperative day 
ta. Once again, over the ensuing four days postoperatively 
As, _ these values began to return toward the preoperative lev- 
| als. 

_ There was no influence on the postoperative changes in 
FRC and other pulmonary functions noted in those pa- 
= tients who received IPPB therapy. Likewise, the type of 
as s incision did not appear to influence the changes in FRC or 
_ other pulmonary functions measured. In the few instances 
_ when the incentive respirometer was used, large increases 
E _ in the FRC were noted on the second and third days after 
i operation. Changes in FRC after using the incentive res- 
_ pirometer were less on the first postoperative day, sug- 
= gesting that early after operation it may be more difficult 
4g a for patients to use this apparatus and obtain benefit from 
"ait: 


Pi 


COMMENT 


Our studies confirm the findings of other investigators 
_ that there are marked alterations in pulmonary function 
= following abdominal operations. However, determination 
E = of the FRC may be the most important measurement 
= since it best reflects alveolar volume and small airway pa- 
= tency. Thus, the finding of a diminished FRC indicates 
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loss of alveolar volume and/or small airway closure, and 
substantial loss of normal pulmonary mechanics. 

In early measurements of pulmonary function following 
operation, Beecher in 1933? found a decrease in the “subtid- 
al volume” of the lungs of patients subjected to lap- 
arotomy and ascribed this to “diffuse, partial collapse” of 
the lungs. Similar findings were reported by Anscombe 
and Buxton,’ who described postoperative decreases in 
FRC, with the largest reductions associated with upper 
abdominal procedures. In a study measuring lung volume 
following herniorrhaphy, Ross et al* found a decreased 
FRC both in patients receiving no pulmonary therapy and 
in patients receiving IPPB therapy. Similar decreases in 
FRC after biliary and gastric operations were reported by 
Brattstrom in 1954.° 

Monaco et al®’ studying patients in their shock-trauma 
unit, reported a 50% decrease in the FRC, hypoxemia, and 
an inverse relationship of pulmonary shunting to FRC 
measurements. They also found that these alterations 
were ameliorated by intubation and positive pressure 
breathing. Similarly, in an attempt to define the mecha- 
nism of postoperative hypoxemia and ventilatory dys- 
function, Siler et al* studied 21 patients subjected to 
abdominal surgery, comparing venous admixture and ven- 
tilation/perfusion inequality components. The results 
demonstrated that changes in the alveolar-arterial oxy- 
gen gradient (PAo, {= Pao,) preceded other clinical evi- 
dence of pulmonary abnormalities and indicated a collapse 
of alveoli and a reduction in the FRC. A recent report by 
Ali et al® also demonstrated that postoperative hypoxemia 
was related to a decreased FRC and increased pulmonary 
shunting that was not present at four hours following op- 
eration, but appeared 16 hours after operation. In con- 
trast, they found a large decrease in VC very early after 
surgery that occurred before the FRC had declined. Sim- 
ilar findings have been reported by Powers et al” in crit- 
ically ill patients in whom the use of PEEP was of value in 
improving FRC and oxygenation while decreasing the 
pulmonary shunting. 

Thus, as indicated in our studies and the reports of oth- 
ers, a reduction in FRC, alterations in lung compliance, in- 
creased pulmonary shunting, arterial hypoxemia, and al- 
veolar collapse are phenomena associated with general 
anesthesia, surgery, and trauma. There are probably sev- 
eral factors that produce these alterations in normal ven- 
tilatory physiology. It has been shown that patients sub- 
jected to general anesthesia and maintained on constant 
ventilation at a fixed tidal volume developed arterial 
hypoxemia that was reversed by intermittent sighing." 
Likewise, postoperatively, alterations in normal breathing 
patterns occur, producing increased respiratory rates, de- 
creased tidal volume, and a loss of normal “sighing” respi- 
ration or periodic deep breathing. This may be associated 
with persistent hypoxemia at all levels of ventilation.’ 
Acting in concert with these changes in ventilatory me- 
chanics are the presence of pain, the use of analgesics, ab- 
dominal distention, nasogastric tubes, and bed rest in the 
supine position, all of which adversely affect the patient’s 
ability to plete normal ventilatory dynamics." Al 
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1,155 
22 2,560 3,050 1310 1,570 41,540 £41,780 1,350 1,710 41,430 £1,740 1840 2140 
23 2,100 2,400 1100 1,310 1,180 1,410 1,230 1,610 1,350 1,550 1,570 1,890 
24 1,840 2,200 1150 1,450 1,340 1,620 1,620 + «1,880 41,480 1,690 1430 + 1,960 
25 1,820 2,055 1,290 1,470 1,530 1,770 1,680 1890 2,060 2,080 1910 2130 | 
26 2,440 2,760 1,830 2,090 2,040 2,410 2,280 2520 2,310 2,560 2380 2.600 DEEE 
27 2,280 2,700 1760 2,000 1,860 2,170 2,070 2,430 2395 2,810 2290 2S00rs 
28 2,080 2,315 1705 2,010 1,850 2,270 41,930 2,320 2,090 2,310 2m40 TE a 
29 2,170 2,370 1,820 1,990 2,010 2,160 2,290 2530 2,190 2,410 2290 2,710 
30 2,620 3,010 2,210 2,560 2,220 2,530 2,010 2470 2,210 2,380 2420 2,630 
31 3,620 2,100 2,340 2,680 2,860 3,300 
32 2,550 1,640 2,110 2,400 2,270 2,300 
33 3,380 2,230 2,310 2,610 2,300 2.900 
34 3,120 2,080 2,320 2,470 2,640 3,120 
35 1,415 1,000 1,450 1,480 1,445 1,560 
36 1,630 1,170 1,270 1,345 1,320 1,330 
37 4,180 3,092 3,152 4,140 3,850 3,760 
38 2,540 1,980 2,120 2,260 2,290 2,310 
39 3,520 2,840 2,985 3,060 3,260 3,480 
40 2,750 2,300 2,310 2,130 2,170 2,220 
41 2,570 1,082 1,190 1,845 2,005 1,890 
42 1,994 1,231 1,179 1,536 2,029 oh 
43 2,402 1.399 1,445 1,510 1,748 1,753 
44 2,980 aap 1,290 2,020 2,600 2,900 
45 2,130 2,050 2,030 2,200 2,260 2,120 
46 2,800 2,060 1,840 1,920 2,370 2,430 
47 3,744 3,039 3,220 3,293 3,578 3,756 
48 2,960 1,800 1,897 2,160 2,580 2,950 
Mean 2,392 2,620 1.732 1,862 1,838 2,020 2,088 2,164 2,161 2,269 2277 2,455 


though mucous plugs have been thought to play a role in 


postoperative atelectasis and coughing has been thought 
to be an important preventive measure, it now seems most 
likely that mucous plugs are in good part a secondary phe- 
nomenon to alveolar collapse and airway closure. Mucous 
plugs do occur and may produce lobar or total lung atelec- 
tasis, requiring coughing or bronchoscopy or both for 
relief. 

One of the earliest changes in postoperative ventilatory 
mechanics is the marked reduction in VC.“ This occurs be- 
fore changes in the FRC can be measured and may be an 
important factor in the development of ventilatory dys- 
function. Concomitantly one finds large decreases in 
FEV,, indicating abnormalities in pulmonary air flow as 
well as abnormalities in lung volumes. The patient is 
unable to achieve rapid, deep breaths such as yawning or 
sighing, and instead ventilates with small, frequent 

e breaths, resulting in a nearly constant tidal volume. This 
leads very early to a diminished end-inspiratory volume of 
the lung as reflected by a low VC in the presence of a min- 
imally reduced RV. This situation is further complicated 
by decreases in compliance and alterations in lung vol- 
umes induced by the supine position. Subsequently one 
find’ at 16 to 24 hours after operation a decreased FRC, 
indicating loss of alveolar volume (atelectasis), increased 
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pulmonary shunting, and hypoxemia. 

It appears that these abnormalities in pulmonary air 
flow, volume, compliance, and structure are reversible at 
this point if the restoration of adequate end-inspiratory 
volume and end-expiratory volume can be achieved as re- 
flected by increased VC and FRC.*!-** This maintenance of 
inspiratory and expiratory volumes may explain why sigh- 
ing maneuvers and deep breathing activities are of bene- 
fit in the postoperative period. 

As shown in our studies and noted by other investiga- 


tors, the greater the decrease in FRC, the more likely a 


major pulmonary complication will occur. As pulmonary 


dysfunction worsens and alveolar collapse and airway clo- — 
sure progress, severe hypoxemia may occur, necessitating — 
the use of endotracheal intubation, assisted ventilation, — 


and even positive end-expiratory pressure (PEEP) to re- 
verse the process. 


Thus, the goal of any form of respiratory therapy must 


be to maintain alveolar volume (FRC) by improving venti- 


latory mechanics (sighing and adequate tidal volume). An — 


early therapeutic attempt to reduce the incidence of post- 
operative pulmonary complications was that of Thoren.” 
In using chest physical therapy before and after surgery, 
he was able to reduce the pulmonary complication rate fol- 
lowing cholecystectomy from 42% to 12%. Unfortunately, 
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Table 3.—Fu nctional Residual Capacity as Percent of Preoperative Value 
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Postoperative Day f 

Patient 2 3 | 4 5 ` 
| No. Bed Chair Bed Chair Bed Chair Bed Chair Bed Chair 
aa. 21 Eev 60:3 56.4 51.5 53.2 65.8 61.4 73.2 81.9 81.3 88.8 
ee 51.2 51.0 60.2 57.8 52.7 55.5 55.9 56.5 71.9 69.5 
52.4 44.6 56.2 58.8 58.6 67.1 64.3 64.6 74.8 78.8 
62.5 65.9 72.8 73.6 88.0 85.5 80.4 76.8 Tak 89.1 
70.9 7a 84.1 86.1 92.2 92.0 113.2 101.2 104.9 103.6 
75.0 18.7 83.6 87.3 93.4 91.3 94.7 92.8 97.5 94.2 
i 77.2 74.1 81.6 80.4 90.8 90.0 105.0 104.1 100.4 103.7 
28 84.9 86.8 88.9 98.3 92.8 100.2 100.5 99.2 98.1 95.9 
83.9 84.0 92.6 91.1 105.5 106.8 100.9 101.7 105.5 114.3 
84.4 85.2 85.0 84.3 84.7 82.3 84.4 79.0 94.3 87.3 

58.0 64.8 74.0 79.0 91.2 

32 64.3 82.7 94.1 89.0 90.2 

33 66.0 68.3 71.2 68.0 85.8 

34 66.7 74.4 79.2 84.5 100.0 

35 70.7 102.5 104.6 102.1 110.2 

36 71.8 77.9 82.5 81.0 81.6 

37 74.0 75.4 99.0 82.1 90.0 

78.0 83.5 89.0 90.2 90.9 

80.7 84.8 86.9 92.6 98.9 

83.6 84.0 wa 78.9 80.7 

42.1 46.3 71.8 78.0 I33 

61.9 56.6 83.8 101.9 


61.8 70.7 76.7 









90.5 


‘Table 4. —Changes i in FRC in Five Patients Who Developed 
Clinical Pulmonary Dysfunction 


Table 5.—Percent Change in FRC From 
Bed to Chair Position * 


Postoperative FRC, % Preoperative Values 


Postoperative Da 
Patient Preop- i 
Day 2 Day 3 Day 4 


No. erative 2 3 4 
21 9.0 , 13.8 27. gave 
22 19.1 : 15.1 26.6 21.7 
23 14.3 ; 19.5 30.9 14.8 
24 19.5 f 20.8 16.0 14.2 
25 12.9 ; 15.6 12.5 9.7 
26 13.2 ‘ 18.1 10.5 10.8 
27 18.4 $ 16.7 17.4 17.3 
28 11.3 : 22.7 20.2 10.5 
29 g2 | : 7.4 10.5 10.0 


30 14.8 . 14.0 228 7.7 
no measurements of pulmonary function were obtained | 14.2 i i64 170 139 


x4 during this study. In a similar manner, Noehren et al ad- 
-= vocated the use of IPPB therapy to diminish pulmonary 





Day 5 






70.0 

















78.6 






Mean of all 
patients 





69.3 


rs 
~ 





* Average of mean, 12.7%. 


s complications. However, in controlled studies of IPPB % 
= therapy in postoperative patients, other investigators Recently, a new device, the incentive respirometer, has 
a demonstrated that routine IPPB therapy does not dimin- been introduced as a means of preventing pulmonary com- 


_ ish the incidence of pulmonary complications.?*° In our plications. This instrument is designed to have the patient 
_ study, those patients who received IPPB therapy demon- achieve and maintain a maximum inflation of the lungs by 
strated no changes in their preoperative or postoperative voluntary inhalation. Bartlett et al studied patients 
-pulmonary functions. This may be due to an inability of using the incentive respirometer and stated that tħey 
_ the postoperative patient to utilize IPPB effectively. found less frequent and less severe pulmonary complica- 
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Postoperative Day 





Table 6.—Measu rements of Vital Ca pacity 
(Percent of Preoperative Values) 


Table 7.—Measurements of FEV, 
(Percent of Preoperative Values) 


36.0 
55.0 
43.0 
50.0 
54.5 
48.0 
50.0 
37.5 
37.5 
42.9 
38.5 
62.5 
19.4 
44.1 
62.5 
62.5 
45.8 
26.7 
51.5 
71.4 
26.6 
45.9 


Postoperative Day 


2 
40.0 
60.0 
56.3 
50.0 
63.6 
52.0 
63.6 
37.5 
50.0 
42.9 
51.3 
81.3 
29.0 
38.2 
75.0 
68.8 
66.7 
36.7 
60.6 
57.1 
26.6 
52.7 


3 
44.0 
55.0 
56.3 
75.0 
91.0 
48.0 
fant 
41.7 
62.5 
31.3 
51.3 
87.5 
45.7 
50.0 
68.8 
62.5 
83.3 
43.3 
78.8 
57.1 
43.3 
59.5 


4 
40.0 
80.0 
62.5 
75.0 
54.5 
72.0 
77.3 
41.7 
66.7 
32.1 
58.9 
93.8 
54.8 
44.1 
62.5 
68.8 
79.2 
63.3 
84.8 
76.2 
40.0 
63.2 



















1 3 4 5 

21 35.5 38.7 42.0 42.0 48.4 
22 69.5 65.3 65.3 82.5 91.3 
23 61.8 66.7 71.4 81.0 85.6 
24 42.2 52.6 68.4 84.2 84.2 
25 46.6 60.0 73.4 53.4 79.8 
26 44.8 48.3 65.5 79.3 93 
27 50.0 60.0 66.7 86.7 86.7 
28 43.8 46.9 59.4 56.3 62.5 
29 37.5 46.8 66.6 66.6 72.0 
30 41.6 44.4 36.1 36.1 44.4 
31 41.2 49.0 51.0 56.8 74.5 
32 65.0 82.5 82.5 87.5 92.5 
33 20.5 23.1 35.9 56.4 71.0 
34 51.2 48.8 51.2 48.7 62.8 
35 65.0 70.0 75.0 86 90.0 
36 63.2 68.4 73.6 68.4 78.8 
37 43.6 56.2 81.2 75.0 90.6 
38 39.4 57:5 63.6 75.8 81.8 
39 46.4 53.6 73.2 82.8 73.2 
40 51.5 51.5 48.5 54.6 72.3 
41 19.5 26.8 41.5 46.4 53.6 
42 28.0 42.0 65.0 72.0 rE 
43 40.0 46.0 65.0 67.0 79.0 
44 Er 30.0 34.0 59.0 69.0 
45 44.0 45.0 52.0 58.0 47.0 
46 48.0 ET 53.0 51.0 61.0 
47 63.0 57.0 63.0 68.0 81.0 
48 48.0 51.0 56.0 58.0 59.0 

46.4 51.4 60.0 65.7 70.9 


5 
48.0 
90.0 
68.8 


81.8 


81.8 
50.0 
75 
42.9 
71.8 
100.0 
64.5 
61.8 
87.5 
81.3 
83.3 
76.7 
81.0 
80.9 
48.3 
V1i7 











tions with its use. Van de Water et al” compared the úse 
of IPPB and the incentive respirometer in patients under- 
going adrenalectomy for metastatic breast cancer by mea- 
suring transthoracic impedance. Using the impedance 
measurements as a determination of FRC, they found sta- _ 
tistically higher FRC measurements in a group using the _ 
incentive respirometer. In a few patients in our study 1 * 
on whom the incentive respirometer was used, large in- — 
creases in FRC were noted on the second and third postop- 
erative days. Of concern is that changes were less on the 
first day when FRC was maximally reduced. Unfortu- — 
nately, we had too few patients with FRC measurements ~ 
using the incentive respirometer to draw conclusions. 
Another mode of therapy that will increase FRC is to | 
change from the supine to the sitting position. In several 
studies measuring pulmonary function and arterial oxy- — 
genation in relationship to body position, a change from — 4 | 
the sitting to the supine position produced a decrease in E 
the oxygenating ability of the lungs, and decreases in 
lung volumes including FRC, expiratory reserve volume, 


b: 
Pi 


total lung capacity, and VC.**-** Since these data were de- — 
rived from a normal population who were not subjected to i” 
the multiple additional pulmonary insults found in pa- 
tients undergoing a general anesthesia, surgery, or 
trauma, one would expect these deleterious alterations in 
pulmonary function to be even more severe in ill patients _ 
maintained in the supine position following operation. uf s 
It also appears that patients who are overweight and 
over the age of 50 are more prone to develop pulmonary 
complications in association with severe alterations in pul- 
monary function following surgery. To obtain the best re- 
sults in this group of patients, intensive pulmonary ther- _ 


; ‘ 
A 
Table 8.—Measurements of Residual Volume o 
(Percent of Preoperative Values) 4 
Patient ee eee Bie 
No. 1 2 3 4 5 J = 
21 53.9 55.3 72.7 75.2 76.6 | 
22 58.7 69.9 60.7 59.7 79.6 | S 
23 50.0 54.0 56.5 62.5 735 |$ 
24 79.9 79.2 98.6 75.0 99.3 | 
25 83.8 100 100.0 200.0 1000 | 
26 71.5 76.6 92.5 89.3 92.5 | IN 
27 100.0 91.9 99,3 100.0 1000 102 
28 100.0 100.0 100:0 1000 1000 | 
29 100.0 100.0 100.0 1000 #1000 
30 100.0 100.0 99.4 100.0 100.0 |. 
31 72.1 73.9 80.2 88.3 946 | 
32 57.7 702 930 67.0. 1004 H 
33 81.9 81.0 89.9 76.6 88.7 | os 
34 52.3 60.3 68.5 74.2 90.1. 12 
35 68.4 100 100.0 100.0 1000 | 
36 72.9 88.0 93.6 91.7 925 | 2 
37 77.4 76.2 100.0 93.4 90.8 | 
38 100.0 100.0 1000 100.0 100.0 | 2 
39 96.8 98.6 97.6 89.7 98.4. | G 
40 100.0 100.0 100.0 100.0 98.7 1a 
41 49.9 50.2 78.1 83.2 75.6 E. 
Mean 72.8 82.2 89.5 87.9 92.9 
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chair as soon as pos ible. follor ving su gery. I Furtherme 

in the sitting vel on, the patient receives era sion m vee 
benefit of any adju witve pulmonary therapy such z as phys- oe 
ee iotherapy, IPPB, or use of the incentive respirometer. p f 
i By the first morning after operation, the stage is set for — 
pulmonary problems. It seems, then, that any efforts di- 


rected toward improving ventilatory mechanics must be- — 





gin during the operation and be most vigorous in the im- © 








al id Ss mediate postoperative period. This is the time, of course, 
oe a a7 when the patient is least able to carry out voluntary ef- 
le forts of deep breathing and sighing. Useful means of © 
ahis ARV mitigating alterations in respiratory functions include 
as O FRC (chair) frequent sighing of the patient during anesthesia, eleva- | 
tion of the chest, and frequent turning of the patient im- 
4 FRC (bed) mediately after surgery. The patient should be seated in a 
e VC chair as early as possible and encouraged to walk on the 
first postoperative day. The adjuvant use of chest physi- r 
0 FEV, otherapy and incentive respirometry should also help in | yi 
f decreasing the adverse affects of surgery on the lung and et 
thereby reduce the frequency and severity of postopera- — et 
y ] 2 3 4 5 tive complications. Whichever mode of therapy is em- Pie 
ployed, specific measurements of pulmonary function — ; 
POST OPERATIVE DAY should be done, including measurement of FRC in both | 
kive changes in FRC, VC, RV, and FEV, as percent of the supine and the sitting positions to determine if ther. 
cer therapeutic modality i is effective. 
a | 
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Discussion 


Raymonp C. Reap, MD, Little Rock, Ark: This is an important 
paper because it demonstrates that during the difficult postopera- 
tive period, where it is hard to get objective data, this FRC mea- 
surement, which can be done by a technician using a portable ma- 
chine, provides noninvasively reproducible data that seem to 
correlate very well with our clinical information derived from 
pragmatic observations. It is particularly noteworthy that the au- 
thors have correlated things that most of us know are good, such 
as getting the patient out of bed and using an incentive respi- 
rometer. They pointed out again that IPPB does not seem to hold 
up when you look at it objectively. Intermittent positive pressure 
breathing is something that happens in all of our hospitals, but 
there is more and more evidence that it probably does not do any 
good. 

They have shown that obesity is a bad thing to have after oper- 
ation, and that it is not so good to be old. One thing that I want to 
ask Dr. Baue, since he is a good smoker, what about cigarette 
smoking? I mean, if the patient smoked before his operation, did 
this make any difference in the FRC afterward? Functional resid- 
ual capacity is an important figure because it gives us an idea of 
the patency of the small airways and the alveoli. We all get VC 
and maximal breathing tests, but I think we are going to have to 
get used to getting FRC. 

I would like to ask Dr. Baue and his group whether, especially in 
the elderly where the RV rises, even though the FRC remains rea- 
sonably constant, it would not be better to derive the figure for 
expiratory reserve volume. We know that FRC is made up of two 
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components, the RV and the expiratory reserve volume. Since RV 
goes up with age so much, then a more sensitive measurement 
would be, if they derive from their VC and their FRC data, the ex- 
piratory reserve volume. 


Dr. Bauer: Dr. Meyers and I thank Dr. Read for his comments. I 


also had a question from William Neville. He asked what was so 
new about this study. The answer is that there is not very much 


new for those who are familiar with such measurements. Similar 
measurements have been made before, but not after simple, 


straightforward operations that are usually without complica- 
tions. The fact that there is a decrease in FRC in all patients after 
cholecystectomy indicates that the stage is set for potential pul- 
monary complications. Such measurements also provide a way for 
verifying the efficacy of treatment programs. 

Dr. Read asked about the effects of smoking. We did not record 
the smoking habits in these patients. It eertainly is bad for pa- 
tients, but not so bad for surgeons! 

He also suggested that the use of the repiratory reserve volume, 
the combination of RV and FRC, would be helpful. This would 
particularly be true in patients with lung disease and would better 
verify potential problems in such individuals. The patients in this 
study did not have clinical evidence of pulmonary disease. 

It is always a pleasure to have Dr. Read discuss a paper because 
he always has something worthwhile to say. I suspect, however, 
that even if he did not have something worthwhile to say, he 
would say it so well that we would not know the difference. 
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_ A Series of 20 Successful Warren Shunts 





Y Neil R. Thomford, MD; Kenneth R. Sirinek, MD; Edward W. Martin, Jr., MD 


_ Recent reports suggest that the distal splenorenal shunt does ful- 


ky fill its physiological promises. The portal and the gastroesophageal- 


splenic areas are divided into separate “venous watersheds.” As a re- 


Fi sult, varices are decompressed but portal hypertension is preserved. 


It should, therefore, have its greatest advantage for patients with the 


= most severe impairment of hepatic reserve. 


In this evaluation, the procedure was considered the operation of 


Š = choice for all shunt candidates who had a patent splenic vein. A 
~ series of 20 patients, 12 with Laënnec cirrhosis, seven with post- 
= necrotic cirrhosis, and one with Wilson disease, survived shunting 


and were discharged from the hospital. One patient died of hepatic 


b = coma eight weeks after operation. If lengthy follow-up studies con- 
= firm its capacity to prevent hemorrhage, the distal splenorenal shunt 
= may be the safest elective shunt operation for patients with cir- 


y __ thosis. 
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ecause of the physiological considerations it em- 
braces, the distal splenorenal shunt may be the saf- 


ae est eleetive shunt operation for patients with impaired 
_ hepatic reserve. However, several factors have combined 
_ to retard widespread acceptance and application of the 


= procedure. Initial reports included an unacceptable mor- 
_ tality of 58%.'? Other negative influences included justifi- 
= able warnings, perhaps overstated, of the technical diffi- 
= culty of the procedure. Further, there were doubts that 
= the operation could really divide the portal and gastro- 
__ esophageal-splenic areas into two separate “venous water- 

 sheds.’” Recent reports have dispelled many of these con- 


cerns; the mortality and morbidity are low.*° Moreover, 
the promise of the distal splenorenal shunt to prevent 
hemorrhage, while avoiding insult to the diseased liver, 


a _ appears established.* The final test of the operation must 


hue 
py 


E await lengthy follow-up studies. 


The distal splenorenal shunt is conceptually unique in 


Be its goal of maintaining portal hypertension to avoid re- 


ducing portal venous inflow to the liver as well as to limit 
shunting of splanchnic venous blood into the systemic 

= venous system. It should be especially suitable for pa- 
~ tients with severe impairment of hepatic reserve because 
-~ İt avoids insult to the diseased liver and does not disturb 


E. adaptations in splanchnic physiology. 


SAA 
e SUBJECTS AND METHODS 
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= During the period March 1, 1972, through July 31, 1974, the dis- 


$ be eke aati (Warren) shunt was considered the operation of 
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choice for all shunt candidates with cirrhosis and a patent splenic 
vein admitted to the Surgery II service of the Ohio State Univer- 
sity hospitals. Twenty (91%) of 22 potential candidates had the 
elective establishment of a Warren shunt. Two patients were 
found to have occlusion of the splenic vein, necessitating an al- 
ternative procedure for prevention of recurrent hemorrhage. 


Clinical and Laboratory Data 


The ages of the 20 patients ranged from 26 to 73 years, with a 
mean age of 50 years. Nine patients (45%) were men; 11 (55%) 
were women. Portal hypertension and variceal hemorrhage caused 
by Laënnec cirrhosis were present in 12 patients (60%). Seven pa- 
tients (35%) had postnecrotic cirrhosis, and Wilson disease was 
present in one patient (5%). 

A variety of signs and symptoms occurred in these 20 patients. 
Five patients (25%) had had episodes of mental confusion or coma 
that appeared to be firmly linked to their hepatic disease. One pa- 
tient each had had a verified episode of pancreatitis, hemorrhoid- 
ectomy, left nephrectomy, and vagotomy and pyloroplasty. Nine 
patients (45%) had significant ascites; five required intensive pre- 
operative therapy to control ascites. Three patients had peripheral 
edema. One had petechiae of the skin. Two patients had cardiac 
enlargement. Fifteen patients had hepatomegaly. The size of the 
liver of two patients was normal, while in three others it was 
small. All 20 patients had splenomegaly, with estimates of the 
weight of the spleen ranging from 400 to 2,000 gm. 

Sixteen patients (70%) had hypoalbuminemia. Ten patients 
(50%) had serum bilirubin concentrations ranging from 2.0 to 5.8 
mg/100 ml. Five patients had a serum glutamic oxaloacetic trans- 
aminase (SGOT) level of greater than 100 units. Hematologic 
studies immediately prior to operation showed that nine patients 
(45%) had a platelet count of less than 150,000/cu mm and six pa- 
tients (30%) had a leukocyte count of less than 6,000/cu mm. Nu- 
trition was excellent in two patients, good in eight, and poor in 
ten. Using Child’s criteria for estimating hepatic reserve and risk 
of operation, two patients (10%) were class A, ten (50%) were class 
B, and eight (40%) were class C. 


Preoperative Special Studies 


All patients had a liver biopsy examination prior to operation. 
In each instance, the clinical impression of the type and severity 
of the liver disease was confirmed. All 20 patients had a liver and 
spleen scan. This examination confirmed the size of the liver and 
the spleen and suggested the presence of portal hypertension. 
None of the hepatic scans showed evidence of a hepatic neoplasm. 
In all patients, gastroesophageal varices were identified both by 
endoscopy and by roentgenologic examination of the esophagus, 
stomach, and duodenum after a barium meal. No evidence of 
chronic peptic ulcer disease was demonstrable. 

All patients were examined by selective splenic artery angio- 
grams. Roentgenograms made during the venous phase of the in- 
jection showed the splenic vein to be patent and at least 1 cm in 
diameter in all 20 patients. Additional information included iden- 
tification of the course of the splenic vein. In some instances there 
was cephalad “buckling” of the splenic vein, while in others, cau- 
dad “buckling” of the vein was such that the splenic vein was 
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t? 
Venous phase of splenic artery angiography. Left, Cephalad 


“buckling” of splenic vein suggesting that mobilization of adequate 
length of splenic vein may be difficult. Right, Caudad ‘‘buckling”’ of 


overlying the expected position of the left renal vein (Figure). Re- 
nal phlebography in a single patient who had had a left nephrec- 
tomy showed a patent 3-cm segment of left renal vein. 


Operation 


With one exception, an end-to-side splenorenal anastomosis was 
made. One patient with a retroaortic left renal vein required divi- 
sion of the renal vein and an end-to-end anastomosis. The splenic 
artery was ligated in two patients. During each operation a speci- 
men of liver was removed for histologic study. 


RESULTS 


All 20 patients survived operation. Postoperative com- 
plications included transient ascites in three patients and, 
in one patient each, hepatic coma responsive to steroids 
and hemorrhage from gastric stress ulcers requiring va- 
gotomy and pyloroplasty. Shunt patency was verified by 
e postoperative angiography in all except two patients, who 
refused the procedure. All 20 patients were discharged 
from the hospital after a mean recovery period of 17 days. 


Follow-Up 


No patient has had recurrent upper gastrointestinal 
tract hemorrhage. Hypersplenism has improved in all in- 
stances. One patient required readmission for medical 
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splenic vein suggesting that exposure and mobilization of adequate 
length of splenic vein may be relatively easy. 


control of ascites. A second patient was readmitted to the 
hospital eight weeks after operation and died of hepatic 
failure. This patient, a 47-year-old woman with Laënnec 
cirrhosis, had abstained from alcohol for one year before 
operation. However, results of her evaluation before oper- 
ation included poor nutrition, a history of both ascites and 
coma, a serum bilirubin level of 4.3 mg/100 ml, a serum al- 
bumin level of 2.6 gm/100 ml, and an SGOT value of 138 
units. She had hepatic coma during the immediate postop- 
erative period, but responded to steroids and was dis- 
missed from the hospital. 


COMMENT 


Until the development of the distal splenorenal shunt, 
operations designed to decompress gastroesophageal vari- 
ces concentrated on reducing hypertension in the portal 
venous system. Two classical operations were developed: 
the end-to-side portacaval anastomosis and splenectomy 
with a central splenorenal anastomosis. The former has 
been criticized because of the attendant high incidence of 
encephalopathy and hepatic failure.*’* The latter is a 
more difficult procedure, and shunt thrombosis is more 
common.* Numerous additional anatomic rearrangements 
have been proposed for connecting the portal vein or one 
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of its tributaries to. the systemic venous system.’ Some 
procedures have been suggested because of their technical 
ease, while others have been advocated as routes that may 
be used to avoid disease or other abnormalities of the por- 
tal vein and its tributaries.’ The majority of these op- 
erations are only variations of the two classical portal de- 
compressive procedures and therefore cannot escape the 
complications and physiological disadvantages of portal 
decompression and portal systemic shunting. 

The choice of an elective operation for preventing recur- 
rent hemorrhage from varices now includes the distal 
splenorenal shunt, a procedure designed with physiologic 
as well as anatomic principles in mind. Described by War- 
ren et al in 1967,' its goal is “the selective decompression 
of the varix-bearing area of the gastrointestinal tract.” 
Portal vein hypertension is preserved for the potential 
benefits associated with maintaining portal vein inflow to 
the liver and increased pressure in the veins of the small 


intestine. Available information suggests the latter is an 


= important physiological adaptation of the cirrhotic since 


= venous hypertension retards jejunal absorption of meta- 


bolic products that appear responsible for encephalop- 
athy.")” 

Despite the physiologic appeal of the Warren shunt, 
several factors have combined to prevent its rapid and 
widespread acceptance. Initial reports included a mortal- 
ity as high as 58% and warned of the technical difficulty of 
the operation.'? In addition, some surgeons were of the 
opinion that selective decompression of the veins of the 
gastroesophageal area was not possible, that communica- 
tions between the portal vein and varices would rapidly 
return, and that hemorrhage would recur.** Others 
doubted portal hypertension could be preserved.** Because 
the distal splenorenal shunt has not yet been tested by 
lengthy follow-up studies, some of these concerns remain 
unresolved. However, recent reports of the Warren shunt 
include a mortality of only 7%, a patency in excess of 90%, 
and no verified recurrence of variceal hemorrhage. In 
these reports, angiographic studies verify that the venous 
shunt and vessel ligations of the Warren procedure do in- 
deed separate the portal and gastroesophageal areas into 
two distinct “venous watersheds.”®-+ In addition, the ex- 
pected physiologic advantages of avoiding the shunting of 
splanchnic venous blood away from the liver and into the 
systemic venous system have been confirmed by preopera- 
tive and postoperative measurements of hepatic wedge 
pressure and by the virtual absence of encephalopathy af- 
ter distal splenorenal shunt.’ 

With acceptance of the distal splenorenal shunt as one 
operation, if not the operation of choice, for patients with 
cirrhosis and variceal hemorrhage, attention has been fo- 
cused on the evaluation of potential candidates for the op- 
eration and the technical aspects of the procedure. 

The evaluation of patients for distal splenorenal shunt 
with respect to the risk of operation is essentially the 
same as that for other shunt operations. The clinical and 


- laboratory criteria proposed by Child, together with other 
measurements of hepatic function such as the sulfobro- 


-= mophthalein sodium retention test and prothrombin de- 
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terminations, allow a reasonable estimate of risk.’ The 
assessment of renal function is routine, and sophisticated 
examinations of pulmonary and cardiac function are done 
when indicated. Recent reports suggest the value of ‘pre- 
operative measurements of cardiorespiratory function. 
Striking variation exists in the physiologic state of the 
cirrhotic patient as demonstrated by Siegel et al.'® In their 
study they suggest the importance of the preoperative 
physiologic staging of cirrhotic patients and, in particular, 
the identification of the “unbalanced hyperdynamic re- 
sponse (B-state liver patients)” where cardiorespiratory 
therapy may have its greatest impact on survival." 
Splenoportography by percutaneous splenic puncture 
has been the classic preoperative method of studying the 
portal vein and its tributaries. However, when the patient 
is a potential candidate for distal splenorenal shunt, the 
small but real risk that splenectomy may be necessary as a 
result of the needle puncture wound becomes an impor- 
tant consideration. In most instances selective splenic 
arteriography with roentgenograms made during the 
venous phase of the study provides adequate information 
concerning the patency, course, and diameter of the 
splenic and portal veins. Warren and his colleagues in- 
clude renal phlebography as a routine part of each pa- 
tient’s preoperative evaluation.’ In the presence of a nor- 
mal left kidney as determined by intravenous urography 
we have assumed the existence of a left renal vein ade- 
quate for a splenorenal anastomosis. Despite the finding 
of an abnormality of the left renal vein in several pa- 


tients, splenorenal anastomosis has, in each instance, been 


possible. However, one of our patients had had a left ne- 
phrectomy, and in this patient a preoperative phlebogram 
was essential and did show a remaining segment of left 
renal vein adequate for a distal splenorenal shunt. 
Histologic study of a specimen of liver is essential be- 
fore operation. In addition to confirming the type of he- 
patic disease, it allows identification of acute or chronic 
active inflammation. The finding of active inflammation 
may justify a period of medical therapy because of its 
ominous significance since we, as well as others, have wit- 
nessed remarkable improvement in clinical and laboratory 
risk measurements in intervals of only days to weeks.” 
Warren and his colleagues have provided excellent de- 
scriptions of the details of their technique.'*° We have 
been content to follow their initial suggestion of ap- 
proaching the area in question by incising the mesocolon 
along the inferior border of the pancreas. Mobilization of 
an adequate segment of splenic vein may be difficult or 
easy, but always requires patience. The pancreatic venous 
tributaries are ligated at their junction with the splenic 
vein and divided between this ligature and a hemostatic 
metal clip or suture occluding the vein at its exit from the 
pancreas. A circumferential ligature and a suture ligature 
are used to occlude the splenic vein at its junction with the 
superior mesenteric vein, since limited exposure may 
make it difficult and time-consuming to close the portal 
end of a divided splenic vein with a running suture. Exci- 
sion of a small block of retroperitoneal fat and lymphatic 
tissue between the splenic vein and the left renal vein præ 
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vides an unobstructed route for the splenic vein. Abnor- 
malities of the renal vein may require division of some of 
its tributaries or even division of the vein itself with an 
end-to-end anastomosis between the splenic vein and the 
vena caval end of the renal vein.: 


The limits for application of the distal splenorenal 


shunt are yet to be defined. As a result of their early expe- 
rience Warren and his colleagues have eliminated, as 
shunt candidates, those patients who have clinical evi- 
dence of ascites. In contrast, we have assessed the distal 
splenorenal shunt by applying it as the elective operation 
of choice in a series of patients with the only criteria 
being that the patient was a candidate for a shunting pro- 
cedure and that the splenic vein was patent. Ascites is an 
important factor for estimating the degree of hepatic dys- 
function. However, its presence must not cause one to lose 
sight of the purpose of shunt procedures. The shunt oper- 
ation of choice should eliminate the threat of recurrent 
hemorrhage and avoid insult to the already compromised 
liver, thereby minimizing mortality and morbidity. At 
present, the operation of choice would appear to be the 
distal splenorenal shunt. 

Only minor consideration should be given to other fac- 
tors in selecting a particular type of shunt operation. 
There is no evidence to suggest that shunts improve he- 
patic function. In addition they are often unsuccessful in 
reducing “medically resistant” ascites.’ Furthermore, the 
ascites of patients who have had an acute hepatic insult in 
the form of alcohol or another toxin is often transient, and 
responds promptly to medical therapy. With salt restric- 
tion, water restriction, judicious use of diuretics, and 
treatment of high-output cardiac failure when present, 
the ascites of most patients may be controlled. 

The possibility that the distal splenorenal shunt may 
also become the operation of choice as an emergency pro- 
cedure for variceal hemorrhage should not be discounted. 
Fortunately, the development of pharmacologic control of 
portal hypertension has limited the number of patients 
who require an emergency operation for a bleeding varix. 
The initial management of patients with variceal hemor- 
rhage has been altered substantially by the widespread 
use of vasopressin injection. Studies demonstrating the 
capacity of peripheral intravenously administered vaso- 
pressin injection to substantially lower portal vein pres- 
sure have made it the most practical and predictable tool 
for arresting variceal hemorrhage.” The astounding 
mortality associated with the routine of emergency por- 
tacaval shunting has encouraged the development of the 
pharmacologic control of portal hypertension, making it 
the initial method of choice for managing active variceal 
hemorrhage.” Tamponade of varices with one of the bal- 
loon tubes is still a useful and often successful method of 
arresting hemorrhage. However, in some instances an 
emergency surgical procedure will be necessary. 

Published reports suggest lengthy follow-up studies will 
confirm current assessments of the distal splenorenal 
shunt. Both the mortality and the morbidity of the opet- 
ation promise to be less than with any other shunt oper- 
ątion.®'° Because the low risk of the procedure is in large 
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a 
part related to its goal of preserving existing daarne o 
in hepatic and splanchnic physiology, it may have its 
greatest advantage in those patients with severe impair- E 
ment of hepatic reserve. Therefore, every effort should be — . 
made to include the entire spectrum of cirrhosis and its 
complications in a continued evaluation of the distal sple- 
norenal shunt. ae 
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A Reconsideration 








i 
_ From 1961 to 1971, 73 central splenorenal and 66 portacaval 
ha shunts were done for cirrhotic patients who had bled from esoph- 
= ageal varices. Comparative analysis revealed low (3% and 2%, re- 
a spectively) operative mortality for elective operations, equal (93%) 
= effectiveness in control of variceal bleeding, but substantial differ- 
ences in the incidence of postshunt encephalopathy. For patients 
_ who had minimal hepatic dysfunction before operation, disabling dis- 
_ orders in mentation developed in 5% of patients who had splenore- 
nal shunts, in contrast to 50% of patients who had portacaval 
__ shunts. Survival rates after the two shunts were nearly identical. 
__ Thus, the advantages of splenorenal shunts concern the quality of 
N life but not the length of survival. These observations are considered 
-in relation to available therapeutic alternatives. 





















ee ersten portosystemic shunts effectively relieve 
= \ portal venous congestion and minimize the risk of 
_ hemorrhage from esophageal varices. Unfortunately, such 
= anastomoses also may alter hepatic blood flow and com- 
~ promise hepatic function.'? The questionable effects of 
wa surgical treatment on survival of patients who have he- 
= patic cirrhosis*° probably are related to this phenomenon. 
Hopefully, this problem will be resolved by modifications 
_ of traditional shunting procedures*"° and by the develop- 
= ment of practical techniques for meaningful assessment 
_ of hepatic hemodynamics.”""* Although we are now in- 
_ volved in a clinical trial of selective varix decompression 
= using distal splenorenal shunts, some observations from 
= our recent retrospective review of conventional shunts are 
relevant to current surgical practice. 

During the ten-year period from 1961 to 1971, we per- 
= formed eentral splenorenal shunts preferentially when- 
4 ever phlebography revealed that the diameter of the 
= splenic vein was 1 em or larger (13 mm or larger, as pro- 
= jected roentgenographically). This policy was based on ob- 
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Conventional Splenorenal Shunts 


= Michael B. Pliam, MD, PhD; Martin A. Adson, MD; William T. Foulk, MD 


servations from the earlier review done by Hallenbeck 
and others" in our clinic, which showed that splenorenal 
shunts were associated with lower operative mortality, 
less postoperative encephalopathy, and rates of rebleeding 
that were comparable to those occurring after direct por- 
tacaval shunts. 

In that earlier study, the relationship between the se- 
verity of liver disease and incidence of encephalopathy 
was not analyzed specifically. Since that time, others have 
suggested that patients who have minimal hepatic dys- 
function might be particularly vulnerable to the dele- 
terious effects of conventional surgical shunts. Thus, in 
our current review, we were interested especially in the 
comparative effects of the two types of shunts on the 
status of such patients. 


OUR SERIES 


From 1961 to 1971, a total of 73 central splenorenal 
shunts and 66 portacaval shunts were done for cirrhotic 
patients who had bled from esophageal varices. Informa- 
tion was obtained by examination of clinical and post- 
mortem records and follow-up records from patients and 
physicians. Satisfactory long-term follow-up was obtained 
for 92% of patients. 

Various etiologic factors were responsible for the cir- 
rhosis, and various types of shunts were performed for 
each group (Table 1). There were relatively few patients 
for whom alcohol was a causative factor. The etiologic fac- 
tors appeared to influence our choice of procedure only for 
patients with chronic active liver disease for whom we and 
our medical colleagues had particular concern about the 
risks of encephalopathy. 

Approximately one fourth of the patients had excellent 
hepatic reserve (class A); more than half had moderate im- 
pairment of hepatic function (class B); and about one fifth 
had severely decompensated (class C) liver disease (Table 
2). Although splenorenal shunts were preferred in the 
management of patients who had either very good or very 
poor liver function, there was no statistical difference wih 
respect to choice of shunt among the three classes of pa- 
tients (Table 2). è 
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Operative deaths or deaths during hospital convales- 
cence were uncommon among patients who underwent 
elective operations (Fig 1). Two factors substantially in- 
fluenced operative and early postoperative mortality: per- 
sistent hemorrhage, which required emergency surgical 
intervention, increased the risk of operative death approx- 
imately tenfold (Fig 1) and the status of hepatic function 


(Fig 2). 


Survival curves (Fig 3) were calculated by the actuarial 
method 1 and do include operative deaths and deaths dur- 
ing hospital convalescence. These show that the five-year 
survival rate for surgically treated patients was approxi- 
mately 60% of that for a normal population of the same 
age and sex distribution. The survival rates for patients 
who had splenorenal shunts and those who had portacaval 
shunts were nearly identical. 

Two factors had a substantial influence on survival: the 
degree of hepatic dysfunction and alcohol as an etiologic 
agent. The less favorable survival rate for patients who 
had moderate and severe hepatic dysfunction was reflected 
by early postoperative mortality and deaths occurring five 
years or more after surgical treatment (Fig 4). The five- 
year survival rate for patients who had alcoholic cirrhosis 
was less than that for patients who had other liver dis- 
eases (Fig 5). 

Although some authors have considered that splenore- 
nal shunts are particularly vulnerable to thrombosis," this 
complication was infrequent in our series of centrally 
placed shunts with diameters of 1 cm or larger. Recurrent 
hemorrhage, which might be attributed to recurrent vari- 


Fig 1.—Operative mortality among cirrhotic patients with esoph- 
ageal varices according to type of surgery and shunt. 
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Shunt 


<a ae 
Spleno- Porta- 
Disease renal caval 
Unclassified cirrhosis 
Alcoholic cirrhosis 
Postnecrotic cirrhosis 


Secondary biliary cirrhosis 8 6 








y 


Chronic active liver disease 10 2 
Primary biliary cirrhosis 3 3 
Other liver disease 12 6 


Total 


Table 1.—Etiologic Factors and Shurits Employed for 
Cirrhotic Patients With Esophageal Varices 
















Table 2.—Distribution of Cirrhotic Patients With 
Esophageal Varices According to Severity of 


Hepatic Dysfunction * 


Class A Class B Class C 
nA 


m 
Shunt No. % No. % No. 
Splenorenal 21 29 37 51 15 
Portacaval 


* According to Child’s classification: class A, excellent reserve; 


% 
20 





class B, moderate impairment; class C, severe impairment. 


Fig 2.—Operative mortality among cirrhotic patients with esoph- 


ageal varices according to classification of disease. 
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Fig 3.—Survival curves for cirrhotic patients with esophageal vari- 
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Fig 4.—Survival curves for cirrhotic patients with esophageal vari- 
ces, according to classification of disease, compared with normal 
population. 





Table 3.—lIncidence and Sources of Major Gastrointestinal 
Tract Hemorrhage After Splenorenal and Portacaval Shunts 


Shunt 


Splenorenal Portacaval Total 
(69 Patients) (58 Patients) (127 Patients) 
Recurrent bleeding 8 5 13 
Source (12%) (9%) (10%) 
Esophageal varices 
Gastric ulcer 


Duodenal ulcer 
Unknown 








Table 4.—Postoperative Complications in Cirrhotic 
Patients With Esophageal Varices 






Shunt 














Splenorenal Portacaval Total 
Complication (69 Patients) (58 Patients) (127 Patients) 

Edema | 21 18 39 
Jaundice 11 9 20 
Ascites 8 9 17 
Empyema, abscess 5 0 5 R 
Shunt thrombosis 1 2 3 
Wound healing 3 2 5 
Bowel obstruction 2 2 4 
Anemia 2 2 4 
Hypersplenism 0 2 2 
Pancreatitis 1 0 1 
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| Table 5.—Causes of Death Among Cirrhotic Patients With 
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Esophageal Varices* 







Shunt* 












































Cause Splenorenal Portacaval Total 
- Hepatic failure 21 22 43 
Massive gastrointestinal 
tract hemorrhage 2 (5) 4 (1) 6 (6) 
— Unknown 2 5 7 
= Other 2 1 3 
Cerebrovascular 
accident 4 (1) 0 4 (1) 
Sepsis 2 (3) 0 2 (3) 
Pulmonary embolus 1 (1) 0 1 (1) 
Hepatic cell carcinoma O (2) 1 (2) 1 (4) 
Pneumonia 0 (3) 0 (3) 0 (6) 
Perforated peptic ulcer O (2) 0) 0 (2) 
Atherosclerotic 
heart disease 0 (1) 0 (1) 0 (2) 
Intra-abdominal abscess O (3) 0 0 (3) 


Total 


* Numbers in parentheses indicate associated condition. 





Table 6.—Maijor Encephalopathy in Cirrhotic Patients 
After Splenorenal and Portacaval Shunts 






Child’s Class* 










































A Band C Total 
Splenorenal Shunts 
No. of patients 19 50 69 
No. with encephalopathy 1 (5%) 4 (8%) 5 (7%) 
x Portacaval Shunts 
No. of patients 12 46 58 
No. with encephalopathy 6 (50%) 3 (7%) 9 (16%) 





* Class A, excellent liver reserve; class B, moderate liver impair- 
ment; class C, severe liver impairment. 


Fig 6.—Survival curves for cirrhotic patients with class A disease 
according to type of shunt. 
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ceal oedi Gam] in less than T% of pitina and th 
incidence of bleeding after splenorenal and nau 
shunts was nearly identical (Table 3). Even if one assumes 
that bleeding of unknown cause was the result of shunt na 
thrombosis, splenorenal shunts became occluded no more 
frequently than did portacaval shunts. The seriousness of — 
recurrent hemorrhage is clear—93% of patients who bled a 
died of that complication. 
Such postoperative complications as edema, jaundice, H 
and ascites were commonly seen after both types of | 
shunts (Table 4). The greater incidence of infection after r 
splenorenal shunts probably is related to longer operating 
time, our frequent use of the thoracoabdominal incision | 
for this operation, and factors relating to the removal of f 
greatly enlarged spleens. k % 
Although hepatic failure and fatal gastrointestinal 
tract hemorrhage occurred with equal frequency after ei- y 
ther type of shunt, deaths from sepsis were more common 
after splenorenal shunts (Table 5). The fact that fatal — 
thromboembolic complications occurred only after sple- a 
norenal shunts is evidence for postsplenectomy throm- — 
bopathy as an etiologic factor. 2 
The most important finding in our study was the com- | 
parative incidence of encephalopathy after the two shunts 
(Table 6). Our findings not only confirm the observations — 
of the earlier institutional review” but also emphasize an — 
even more striking contrast in the incidence of this com- 
plication in patients who had minimal hepatic dysfunction _ 
(Child’s class A). These data refer only to the incidence of —__ 
major recurrent precoma or coma or chronic disorders in 
mentation that interfered with normal activity. Patients x 
with minor episodic encephalopathy and those who diedin _ 
coma with terminal hepatic failure were excluded unless — 
there was also a history of major recurrent encephalop- Be 
athy. ps 
Although we found evidence of a direct relationship be- 
tween the age of patients and the incidence of encepha- 
lopathy in our series, the mean age was similar for pa- 
tients in both treatment categories. For patients who had = 
minimal hepatic dysfunction, encephalopathy developed in | y E) 
only 5% of those who had splenorenal shunts, as compared i 
with 50% of patients managed by portacaval shunts. Al- 
though we had expected this difference to be reflected in 
survival rates, the survival curves for the two groups were 
nearly identical (Fig 6). Thus, splenorenal shunts have __ 
comparative advantages relating to the quality but not to 4 
the duration of life. 


Comment 


In an effort to resolve the problem inherent in conven- p 
tional portosystemic anastomoses, some surgeons®-™ have 4 
used various modified shunting procedures and others®"° 
have favored local ablation of varices. Although regional _ 
devascularization does not compromise hepatic blood flow 
or hepatic function, recurrent hemorrhage occurs fre- 
quently after such procedures. ag 

The use of prosthetic’ or autogenous venous grafts“ for E 
interposed mesocaval shunts has been proposed as a 
method for portal decompression that might minimize dis- 
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_ formed for patients who have splenic veins unsuitable for 
= splenorenal anastomosis. Whether this advantage will be 
Se negated by an unacceptable incidence of postoperative en- 
-~ cephalopathy will be known only after longer observatio 
= of treated patients. : 
= Another approach to the problem of hepatic functional 
deterioration after surgery involves the use of conven- 
= tional portacaval anastomoses in combination with ar- 
= terialization of the portal venous system.* Such oper- 
= ations are attractive in theory but have had limited trial. 
- E The most appealing potential solution involves the con- 
f cept of selective shunting that provides variceal decom- 
= pression without altering hepatic blood flow substan- 
~ tially. The use of a distal splenorenal shunt is 
è. theoretically sound, and reports of clinical trials have 
= been encouraging. However, enthusiasm for this operation 
- must be tempered by its limited usefulness in patients 


© with ascites, by the existence of anatomic variations that 
_ may preclude its application, and by the fact that late al- 
= terations in hepatic blood flow may develop as collateral 
= vessels form between the splanchnic venous bed and the 
__ low-pressure gastrosplenic system. Moreover, optimism 
= Concerning the patency of such shunts made with small 
= splenic veins may be unjustified because of the high inci- 
_ dence of thrombosis associated with small central sple- 
= norenal shunts. 
= [n our comparison of two conventional portosystemic 
_ shunts, we are less impressed by the low incidence of en- 
~ cephalopathy that is seen after central splenorenal shunts 
_ than by the frequency with which this complication devel- 
= Ops in patients with well-compensated cirrhosis who have 
= been treated by direct portacaval shunts. We consider 
By that portacaval shunts are contraindicated in the manage- 
ment of such patients. 
= We were disappointed to note that the length of sur- 
= vival after these two types of shunts was not substantially 
_ different. For that reason and because nearly half of the 
= patients have splenic veins unsuitable for central anasto- 
l Bos moses, we do not consider the central splenorenal shunt 
= the ideal operation for patients who have cirrhosis and 
bleeding esophageal varices. Thus, we are attracted by the 
_ theoretic advantages and reported results of selective 
= variceal decompression by distal splenorenal shunts—and 
=~ are conducting a clinical trial of that operation. 
3 Nevertheless, the data presented herein do influence our 
= choice of operation when selective shunting is contraindi- 
= cated by the presence of ascites or when technical prob- 
= lems or anatomic factors preclude its use. If in such in- 
stances a central splenorenal shunt cannot be made, we 
are reluctant to perform a direct portacaval shunt for the 
patient who has minimal hepatic dysfunction because this 
ee, oa a prohibitive risk of postoperative encephalop- 
» athy. 
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= Currently, our major frustrations in therapy concern 
this group of patients. Hopefully, the mesocaval inter- 
= position shunt or another anatomic variation will prove 
= to be tolerated by such patients. If these fail, more 
meaningful assessment of hemodynamics may help in the 
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Discussion 


RAYMOND C. READ, MD, Little Rock, Ark: The Mayo Clinic has a 
great reputation for performing surgery, and this paper empha- 
sizes that, because they have data here on over 150 patients with 
excellent results and a long follow-up. The main thing that this 
paper demonstrates is that in the patient who has good liver fune- 
tion, there is a tenfold likehood of getting ammonia intoxication if 
you do a successful portacaval shunt than if you do a successful 
splenorenal shunt. There is no wonder that they are a little loathe 
to do any more portacaval shunts. 

Our own experience has been with a different group of patients, 
those who come to Detroit Receiving or the Veterans Hospital, 
and these patients do not have a 17% incidence of alcoholic cir- 
rhosis. They seem to have nearly a 100% incidence of alcoholic cir- 
rhosis; they also seem to have come in at the last moment, and 
they are hemorrhaging. Also, they not only have cirrhosis, but 
they have severe ji damage, so we have approached the prob- 
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lem of the type of operation to use in portacaval decompression 
from the other end of the spectrum. 

Instead of being concerned about the alcoholic with ammonia 
intoxication, we have to be concerned about alcoholic intoxication 
too. Instead of being concerned about ammonia intoxication in the 
good-risk patient, we are concerned with the fact that these bad- 
risk patients die after operation, and they die from liver failure if 
you do the perfect operation for relieving portal hypertension, 
which is a portacaval shunt. 

About eight or nine years ago we looked for another procedure, 
and we became interested in the interposition “H” graft proce- 
dure. I am not going to detail our latest results because Dr. 
Thompson has done that, and it has been published recently, but I 
think that this operation is better for the type of patients we are 
seeing than the splenorenal. 

To begin with, you do not have to know whether there is a 
splenic vein or not. You do not have to have angiography. I think 
it has been demonstrated today that you have to worry about 
thromboembolic complications of splenectomy. These patients do 
not tolerate an extensive dissection, and to take the spleen out, 
dissect its splenic vein off the pancreas, find the renal vein and in- 
terrupt the circulation of the kidney is not as well tolerated as the 
mesocaval operation. Further, we do not run into the problem of 
sepsis below the left diaphragm that I think was well presented 
today. These patients with cirrhosis do not tolerate infection very 
well. 

It is obviously important that, regradless of what type of de- 
compression you do, it must be a successful operation because, as 
was pointed out in the paper, if the patients bleed again from 
esophageal varices and if the shunt thromboses, then these pa- 
tients have about a 66% mortality. They may bleed after a suc- 
cessful operation because they have an incidence of hepatoma, 
duodenal ulcer disease, and alcoholic gastritis, but the Mayo Clinic 
is apparently in a temperance zone because they did not report a 
problem with the latter. 

STEPHEN WHITE, MD, Atlanta: I would like to reemphasize the 
metabolic basis for superiority of the selective distal splenorenal 
shunt over the nonselective shunts, such as the “H” interposition, 
mesorenal, or mesocaval shunts, in regard to encephalopathy. 

In the Journal of Clinical Investigation last year. Rudman et al 
demonstrated a correlation between the impaired ability to 
synthesize urea and the development of encephalopathy. 

The complex determination of the maximal rate of urea syn- 
thesis (MRUS) provides an objective method of encephalopathy 
when comparing the two shunts. 

Dr. Warren’s series of 34 patients, postoperative encephalop- 
athy was evident in 11. In this graft, most of the encephalopathy 
had an MRUS below 30. Ten of the 11 patients with encephalop- 
athy then had a side-to-side or an “H” interposition graft. 

In a prospective, randomized study of two populations in which 
the preoperative MRUS was not statistically different, the selec- 
tive operation did not change the MRUS statistically, yet the non- 
selective did. Five patients developed encephalopathy postopera- 
tively in the nonselective operation. This was of statistical 
significance. 

The present results, now updated a bit, show 20 selective 
and 22 nonselective shunts in a prospective, randomized study at 
Emory. The single encephalopathy there was drug-induced on the 
selective shunt, and the nonselective had seven total encephalop- 
athies. Four died late, not operative mortalities. 

The encephalopathy rate of the nonselective shunt compared to 
the selective shunt was statistically significant, although the sta- 
tistigs on survival are too small at this time to be significant. 
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closing remarks before Dr. Thomford—feeling that it would have — F 


M 


been more appropriate had the Program Committee arranged our 
papers in opposite order. This is because Dr. Pliam and I have re- 


ported lessons from the past, whereas Dr. Thomford was speaking G- 


about the future. 
This gives me an opportunity to ask Dr. Thomford a question 


before closing our presentation. In our preferential use of central 


splenorenal shunts in the past, we have found only about two - 


thirds of patients to have splenic veins 1 cm or larger in diameter. = 


In our current ongoing trial of selective shunting using distal 
splenorenal shunts, we have had concern about splenic vein size as 
a possible limiting factor in the application of such distal shunts, 


even though the authors of that procedure minimize the risk of 38 À 


thombosis of smaller veins. 
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For this reason, I wish to ask Dr. Thomford to what extent he — 2 


considers the size of the splenic vein to be a determinant of his 
choice of operation? 
I do appreciate Dr. Read’s thoughtful comments about our pre- 


sentation. Dr. Pliam and I have tried to identify that group of pa- 
tients with cirrhosis and bleeding varices who present the great- 
est problem in therapy. These are the patients with good hepatic 


reserve for whom neither central nor distal splenorenal shunts are 


attractive from the technical standpoint. The central shunt has 
been shown in our experience to have a low risk of encephalop- > 


athy, and the distal shunt, theoretically, has great advantages i in 
regard to minimal disturbance of hepatic blood flow. 

The choice that Doctor Read offers—an interposition grafted 
mesocaval shunt—is attractive, and we await with interest the re- 
sults of his further observations regarding the incidence of en- 
cephalopathy and survival. 

Dr. THOMFORD: I want to compliment Drs. Pliam and Adson for 


their contribution to our thinking about the classical splenorenal 


and portacaval shunts, and especially for the information they 


have offered concerning the class A patient and the risk of the 


portacaval shunt for these patients. 

As regards Dr. Adson’s question about the size of the splenic 
vein, in our series of 20 patients, and it has now increased to 26, 
we have not had a splenic vein of less than 1 cm in diameter, but I 
share his concern, and I think it is logical to assume that the 
smaller the diameter of the splenic vein, the greater the likelihood 
of shunt thrombosis. However, Dr. Warren has suggested that the 
size of the splenic vein may not be as critical with a distal sple- 
norenal anastomosis as it is with a central or classicial splenorenal 
anastomosis. The flow of blood is a bit different with the distal 


splenorenal shunt. The flow from the splenic vein into the renal 
vein is “with the grain” rather than “against the grain” as is true 


in the classical splenorenal anastomosis. 


I want to thank Dr. White for sharing with us recently acquired | Ba. 
data supporting the physiological advantages of the distal sple- 


norenal shunt. 

As Dr. Read has pointed out, each institution has its own pa- 
tient population and its own need for procedures for treating por- 
tal hypertension and bleeding varices. At our hospital, emergency 
and urgent operations are relatively rare with the development of 
pharmacologic control of portal hypertension. 

Finally, it was our purpose to examine the question of whether 
or not it is necessary to eliminate as candidates for the distal sple- 
norenal anastomosis patients with ascites or other findings sug- 
gesting a severe limitation of hepatic reserve. I do not think we 
have answered the question yet, but our available information 
suggests ascites does not categorically contraindicate the distal 
splenorenal shunt. 
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Gastrointestinal Tube Stent Plication 
in Infants and Children 


Jay L. Grosfeld, MD; Donald R. Cooney, MD; John F. Csicsko, MD 











Twenty cases of intestinal obstruction in infants and children were 
managed by gastrointestinal tube stent plication. The mean age was 
2.6 years, and ten patients were infants. Previous (often multiple) 
abdominal operations were performed in 18 patients with a variety of 
anomalies. Tube plication was used at initial operation in two neo- 
nates with malrotation. 

Following lysis of adhesions, a No. 12 or No. 16 tube (usually a 
Baker tube) was inserted by gastrostomy and advanced distally into 
the colon. The tube was kept in place for ten days, with caloric needs 
supplied by parenteral alimentation. Barium tubogram showed distal 


. patency, and the tube was removed. Eighteen patients survived 


(90%), and obstruction was relieved in each instance. These observa- 
tions suggest that gastrointestinal tube stent plication is a useful ad- 
junctive procedure in carefully selected cases of recurrent adhesive 
intestinal obstruction in infants and children. 


pe perative episodes of intestinal obstruction re- 
lated to fibrous adhesions are frequently encountered 
in patients in the pediatric age group. The incidence of ad- 
hesive obstruction is particularly high in infants, occur- 
ring in up to 20% of neonates undergoing operation for je- 
junoileal atresia or stenosis and meconium ileus.’ Despite 
lysis of adhesions at reoperation, these occurrences are re- 
sponsible for a considerable morbidity and mortality. De- 
vens reported a 71% mortality in 24 infants who developed 
postoperative intestinal obstruction following initial oper- 
ation for bowel obstruction in the newborn period.? Raf- 
fensperger and Baker described 43 infants and children 
with postoperative intestinal obstruction, of whom 20 
were under 1 year of age.’ Death occurred in seven of 
those 20 young patients (35%). 
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Delay in diagnosis and treatment, inappropriate decom- 
pression of distended bowel, sepsis, peritonitis, and gan- 
grene are often responsible for death in such instances. 
The survivors, however, are also susceptible to recurrent 
obstruction from adhesions related to operative trauma to 
serosa and peritoneum, as well as the sequels of peri- 
tonitis. 

In 1959, Joel W. Baker, MD, described a stitchless pli- 
cation procedure for recurring obstruction of the small 
bowel.* The operation involved passage of a long tube (1.8 
meters) with a small balloon at its distal end inserted by 
jejunostomy and threaded through the entire length of 
small bowel. The tube stent plicated the bowel in gentle 
loops so that selective adhesion formation occurred with- 
out creating acute angulation. 

This report describes an experience with 20 cases of in- 
testinal obstruction in infants and children managed by 
gastrointestinal tube stent plication. This procedure was 
modified by tube insertion via a gastrostomy, rather than 
by jejunostomy as advocated by Baker. 


PATIENTS 


Twenty infants and children with intestinal obstruction were 
treated by gastrointestinal tube stent plication at the James 
Whitcomb Riley Hospital for Children on the Inidana University 
Medical Center Campus from July 1972 to March 1974. Fourteen 
of the patients were boys and six were girls. The mean age was 2.6 
years, with a range from newborn to 16 years. Ten of the patients 
were infants, and two of these were neonates. 

Previous abdominal operations (often multiple) had been per- 
formed in 18 patients. The original procedures were done for 
Hirschsprung disease in four instances, gastroschisis in four, mal- 
rotation in three, ulcerative colitis in two, and ileal atresia, colon 
atresia, substernal colon interposition, hiatal hernia, and intra-ab- 
dominal trauma in one each. In addition, gastrointestinal tube 
stent plication was employed at initial operation in two neonates 
with malrotation. 

All 18 patients with postoperative obstruction had massive in- 


Gastrointestinal Tube Stent Plication/Grosfeld et al 


Lat a S 





Fig 1.—Left, Abdominal roentgenogram, with patient erect, show- 
ing dilated intestine with multiple air-fluid levels suggestive of small 
bowel obstruction. This infant had two previous operations for colon 
atresia. Right, Contrast tubogram shows gastrointestinal tube stent 
position ten days following lysis of adhesions and tube insertion. 


testinal adhesions requiring extensive dissection and lysis. The 
two neonates with malrotation had midgut volvulus that persist- 
ently retwisted despite reduction of the volvulus at the time of op- 
eration. These were the major indications for the gastrointestinal 
tube stent plication procedures. This operation was not attempted 
or deemed necessary in other newborn patients or where a single 
adhesion or relatively few adhesions resulted in obstruction. 

At operation following lysis of adhesions, a No. 12 or No. 16 tube 
(according to age) was inserted via a purse-string suture in the 
stomach (rather than by jejunostomy as advocated by Baker) and, 
with the aid of the balloon on the distal end, advanced distally 
through the ileocecal valve. The tube in one patient was a Miller- 
Abbott tube passed through the nose preoperatively. The dis- 
tended bowel was easily decompressed by gentle intermittent suc- 
tion as the tube was passed. The tube frequently showed insidious 
adhesions missed during the usual operative lysis. In smaller in- 
fants, tube passage was facilitated by occasional installation of 
air to gently dilate a narrow portion of small intestine. Once the 
balloon (which can be easily inflated or deflated) passed the area in 
question, the air was removed by suction. Accordion-like pleat- 
ing of the bowel was avoided by passage of a sufficient length of 
tubing. The tube was advanced through the ileocecal valve and the 
balloon inflated in the cecum or ascending colon to prevent proxi- 
mal retraction. The purse-string sutured gastrostomy site was in- 
verted by interrupted Lembert sutures, and the serosa of the 
stomach was sutured to the undersurface of the peritoneum in 
four quadrants about the tube exit site on the anterior abdominal 
wall. This created a seal to avoid the potential for peritonitis 
should inadvertent early tube dislodgment occur. A 3-0 silk skin 
suture secured the tube externally. An adjunctive gastrostomy 
tube or nasogastric tube was used in each instance to decompress 
m the stomach. The stented bowel was replaced in the peritoneal 

cavity in gentle loops, and a nonabsorbable abdominal fascial clo- 
esure affected with interrupted polypropylene sutures. 

All patients were placed on a regimen of antibiotics starting 
preoperatively (ampicillin, 100 mg/kg/day, and gentamicin sul- 
fate (garamycin), 5 mg/kg/day intravenously). Clindamycin (20 
mg/kg/day) was given if bowel perforation resulting in peri- 
tonitis was present in order to cover infection related to anaerobic 
organisms. 

During passage of the tube, intraluminal “third-space” losses 
thgt were aspirated during decompression of the distended bowel 
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Fig 2.—Left, Abdominal roentgenogram, with patient erect, show- 
ing intestinal obstruction in 3-month-old infant treated initially for 
gastroschisis complicated by perforation. Right, Barium tubogram 
ten days following lysis of adhesions and gastrointestinal tube stent 
plication. Note gentle loops without angulation and balloon in mal- 
rotated cecum in left part of abdomen. 


were replaced volume for volume with 5% dextrose in lactated 
Ringer solution. Fluid losses (blood and sequestered tissue) result- 
ing from serosal injury by lysis and passage of the tube (despite 
gentle measures) were high. Blood loss was determined as accu- 
rately as possible by weight of sponges and aspiration in a small 
pediatric suction volume collector. These losses were frequently 
measured and replaced in equal volumes of warmed, filtered, rea- 
sonably fresh whole blood. In addition, 5 to 10 ml/kg/hr of 5% dex- 
trose in lactated Ringer solution was given as ‘operative main- 
tenance” fluid during the procedure as replacement for tissue 
fluid sequestration. Careful intraoperative monitoring of vital 
signs (pluse rate, blood pressure, electrocardiogram, and so on), 
urinary output, specific gravity, and central venous pressure were 
useful in determining adequacy of volume replacement. Appropri- 
ate temperature monitoring and thermal support with extremity 
wraps, warming blanket, and heat lamps were needed to combat 
hypothermia, particularly in neonates and infants, due to the ex- 
posure of much of the bowel to the operating room environment. 
Postoperatively, hematocrit reading, pH and blood gas determina- 
tions, electrolyte values, serum and urine osmolality, and weight 
changes were useful adjuncts, especially in smaller patients with 
“minivolumes” of blood and extracellular fluids. 

The tube was kept in place for ten days on gravity drainage. Pe- 
ripheral or total parenteral alimentation was administered for ca- 
loric needs. A contrast tubogram with dilute barium was then 
done to show distal patency. The tube was then gradually removed 
(retrograde) over a two-day period. The tube was replaced by gas- 
trostomy in those patients in whom a nasogastric tube was in 
place. After an additional 24-hour period, if the gastrostomy 
drainage was clear and barium was passed by rectum, oral admin- 
istration of fluids was begun. 

Intestinal obstruction was relieved in each of the 20 patients 
with no recurrences to date. Eighteen of the patients survived 
(90%) and are asymptomatic from nine to 28 months postopera- 
tively. 

Two deaths occurred in infants and were unrelated to the proce- 
dure. One premature infant with gastroschisis complicated by 
ileal atresia died unobstructed at age 3 months from broncho- 
pulmonary dysplasia. This infant had three previous abdominal 
operations to correct his abdominal wall defect and atresia prior 
to tube stent plication. The second infant with cystic fibrosis had 
ileal atresia as a neonate and became reobstructed at 9 months of 
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Fig 3.—Left, ‘‘Corkscrew”’ pattern of duodenum with paucity of air 
beyond are indicative of midgut volvulus and malrotation in 8-day- 
old girl. Following reduction of volvulus and division of bands, gas- 
trointestinal intubation was accomplished. Right, Tubogram shows 
tube in small bowel on right and colon shadow on left, with contrast 
materia! in rectum indicating distal colonic patency. 


age. The child had chronic lung changes associated with muco- 
viscidosis. The infant died unobstructed as a result of pulmonary 
complications. 

The following case reports illustrate the types of patients in 
whom this procedure was successfully employed. 


REPORT OF CASES 


Case 1.—A 24-year-old boy swallowed lye, resulting in necrosis 
and perforation of his esophagus. Emergency esophageal resec- 
tion, esophagostomy, and gastrostomy were done at another in- 
stution. This was followed by an additional laparotomy and subcu- 
taneous colon interposition. A severe stricture developed in the 


neck and was unresponsive to dilation. The child was referred to 
‘the James Whitcomb Riley Hospital for Children. The colon swing 


was revised from a subcutaneous to a substernal position (requir- 
ing an additional laparatomy) and the cervical anastomosis was 
redone. Two weeks later, intestinal obstruction occurred, requir- 
ing operative intervention. Lysis of massive adhesions and gas- 
trointestinal tube stent plication were done. Obstruction was re- 
lieved, and the child has remained asymptomatic and gained 5.4 
kg (12 lb) since discharge. 

Case 2.—A full-term newborn infant was referred to the James 
Whitcomb Riley Hospital for Children for abdominal distention 
and bilious vomiting. A plain abdominal x-ray film and diagnostic 
contrast barium enema demonstrated obstruction due to left 
transverse colon atresia. A colostomy was performed, and the 
baby was discharged on a full diet ten days later. At age 6 weeks, 
the infant was readmitted for colostomy takedown and anasto- 
mosis. A second laparotomy was performed, and lysis of adhesions 
resulting from the initial operation and primary anastomosis was 
accomplished. The infant had bowel motions by rectum and was 
fed on the fourth postoperative day. He did well until the tenth 
postoperative day, when abdominal distention and bilious vomit- 
ing were observed. An abdominal x-ray film showed dilated intes- 
tine with many air-fluid levels consistent with intestinal obstruc- 
tion (Fig 1). A third laparotomy was performed at which time 
multiple thick adhesions were observed, requiring extensive lysis 
and gastrointestinal tube stent plication. The infant is now over 2 
years of age, weighs 12.7 kg (28 lb), and is thriving. 
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Case 3.—A 1.8-kg (4-lb) neonate with antenatal evisceration of 
the bowel through a gastroschisis defect was referred to the 
James Whitcomb Riley Hospital for Children at age 2 hours. The 
bowel was thickened, edematous, somewhat foreshortened, and 
covered by an inflammatory exudate so typical of the irritating 
effects of amniotic fluid on the bowel serosa in utero. A bowel per- 
foration was also noted. Bowel resection and anastomosis, and 
staged repair using a Dacron-reinforced silicone elastomer “silo” 
were performed and total parenteral hyperalimentation utilized 
for caloric needs. Two additional abdominal procedures were re- 
quired to completely reduce the viscera and allow primary abdom- 
inal wall closure over a 16-day period. Bowel function returned af- 
ter 45 days of hyperalimentation. The baby was subsequently 
discharged on full diet for age and weight. One month later, 
bilious vomiting and abdominal distention were noted. The dehy- 
drated infant was readmitted to the hospital and roentgenograms 
showed distended bowel and air-fluid levels consistent with ob- 
struction (Fig 2). After appropriate preparation, laparotomy was 
performed for adhesive intestinal obstruction. Massive adhesions 
were lysed and gastrointestinal tube stent plication done. The in- 
fant is now 18 months of age, weighs 9.9 kg (22 lb), and has had a 
normal growth and developmental pattern. 

Case 4.—A 2.7-kg (6-lb) newborn girl had an uneventful birth 
and delivery, passed meconium normally, tolerated feedings, and 
was sent home at age 5 days. At 8 days of age, a sudden onset of 
bilious vomiting followed by lethargy occurred. A contrast barium 
swallow at a community hospital showed high duodenal obstruc- 
tion with a “corkscrew” pattern of the duodenum and paucity of 
air consistent with malrotation and midgut volvulus (Fig 3). The 
infant was referred to the James Whitcomb Riley Hospital for 
Children. At emergency laparotomy, malrotation with a clockwise 
midgut volvulus was noted. The bowel was congested and cyanotic 
but appeared viable following counterclockwise reduction. Duo- 
denojejunal bands were observed and lysed, and the cecum and as- 
cending colon were placed in the left part of the abdomen next to 
the sigmoid colon. Warm moist pads were placed over the small in- 
testine, and the bowel color and viability were reassessed. When 
the pads were lifted, the bowel was pink and obviously viable, but 
retwisted in two areas. It was at this point that a tube stent plica- 
tion was decided on and successfully used. The postoperative 
course was benign. The child is now over 1 year of age and well 
without evidence of recurrent obstruction. 

Case 5.—A 1-year-old boy with Hirschsprung disease was ad- 
mitted to the James Whitcomb Riley Hospital for Children. A lap- 
arotomy and sigmoid colostomy had been done in the neonatal pe- 
riod. At the time of modified Duhamel pull-through procedure, 
multiple adhesions were lysed. Following the uneventful abdomi- 
noperineal pull-through, small bowel obstruction occurred on the 
seventh postoperative day (Fig 4). This was characterized by 
bilious vomiting and abdominal distention. At reoperation (the 
third laparotomy), massive adhesions were lysed and a gastroin- 
testinal tube stent plication performed. The postoperative course 
was uneventful, and the infant was discharged two weeks later. 
The patient is now 3 years old and is asymptomatic. 


COMMENT 


Postoperative peritoneal adhesions resulting in intesti- 
nal obstruction continue to be a perplexing problem to the 
surgeon. In 1937, Noble deseribed a suture plication proce- 
dure as a possible solution to this serious and challenging 
sequel of abdominal operations.’ Suture plication of bowel 
loops would result in adhesion formation in a contr@lled 
manner, so as to prevent future episodes of intestinal ob- 
struction. Poth reported the use of the Noble plication Jn 
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132 patients, of whom eight were under 10 years of age, 
and Hartle described its use in five children aged 4 to 12 
years.*’ Suture plication is quite time-consuming and is 
complicated by the occurrence of fistulas between suture- 
plicated loops and avulsion of the bowel wall with perfora- 
tion.* Complications are more frequent in acutely ob- 
structed cases with substantial bowel distention. Wilson 
cited seven deaths and a 12.9% failure rate, with 16 of 124 
patients requiring reoperation for obstruction following 
the Noble operation.’ For these reasons, the suture plica- 
tion procedure has not been a popular operation in the 
pediatric age group. 

Childs and Phillips (1960) modified the suture plication 
concept by arranging the bowel in a plicated position and 
securing it by transmesenteric mattress sutures passed on 
long needles.” Although this procedure is more rapidly 
performed than the Noble plication, its safety and effi- 
cacy in regard to the thin and fragile mesentery of small 
infants is yet to be determined. 

In 1956, White described passage of a Miller-Abbott 
tube (inserted through the nose preoperatively) into the 
distal part of the ileum with the aid of multiple enterot- 
omies." This technique was actually utilized successfully 
in an 11-year-old reported herein with intestinal obstruc- 
tion following total colectomy and ileostomy for ulcerative 
colitis. The tube was passed (without the need for enter- 
otomy) and brought out the ileostomy stoma (Fig 5). Al- 
though possibly useful in older children, a Miller-Abbott 
tube has limited applicability in small infants. 

In 1959, Baker described stitchless jejunostomy tube 
stent plication.‘ He found the tube played a vital role in 
decompressing the obstructed bowel, could be used in both 
acute and chronic forms of intestinal obstruction, avoided 
the need for sutures, and was more expeditiously per- 
formed and safer in regard to fistula formation than the 
Noble suture plication. In a follow-up report on the use of 
this procedure in 52 cases in 1968, Baker showed minimal 
morbidity and an unrelated postoperative mortality in 
tube-stented patients.* Complications were related to the 
jejunostomy, with one instance of obstruction and one of 
persistent fistula recorded* (Fig 6). 

The use of intestinal tubes has long been a subject of in- 
terest, however, few data are available concerning the 
pediatric age group. Dennis, Jacobsen,” and Sanderson" 
reported successful use of retrograde transcecal small 
bowel decompression in adult patients. Raffensperger and 
Baker, however, described two unsuccessful attempts at 
intubating the entire small intestine both antegrade and 
retrograde during operations in children.’ Both patients 
died; and the authors believed that excessive manipulation 
of the edematous intestine may have contributed to the 
death of these patients. They further suggested that plica- 
tion procedures not be employed in the acutely ill child. 

Moore et al described survival in an obstructed 4-month- 
old infant treated by jejunoileocolic intubation (by jeju- 
nostomy with a No. 10 F rubber tube) and Noble suture 
plication. Ravitch and Cherry reported use of intestinal 
intudation in a newborn infant with malrotation and 
midgut volvulus.'® The tube was inserted by gastrostomy, 
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Fig 4.—Left, A 1-year-old boy developed intestinal tract obstruc- 
tion following pull-through operation. Right, Contrast tubogram ten 
days after lysis of massive adhesions and gastrointestinal tube 
stent plication. : 


Fig 5.—Contrast tubogram showing: Miller-Abbott tube passed 
through nose preoperatively and at operation threaded distally out 
site of ileostomy. Patient developed intestina! obstruction following 
total colectomy and ileostomy for ulcerative colitis. 
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Fig 6.—Types of plication procedures: 1, Noble? suture pli- 
cation; 2, Childs-Phillips’? transmesenteric plication; 3, 
Baker tube plication via jejunostomy; 4, Ravitch-Cherry” 
gastrointestinal plication with tube exit cecostomy; and 5, 
gastrointestinal tube plication used in present study. 





advanced through the entire small bowel, and brought out 
via a cecostomy. These authors suggested that intestinal 
intubation would reduce the likelihood of recurrence of 
volvulus and mechanical adhesive postoperative obstruc- 
tion. The latter is far more common than recurrence of 


_ volvulus in infants with malrotation. Seven of 18 patients 


(38%) with adhesive obstruction in this report had anom- 
alies of rotation and fixation. In addition, two newborns 


_ with malrotation were treated by intestinal intubation at 


the initial operation. Moore et al and Raffensperger and 
Baker’ similarly note the association of adhesive obstruc- 


tion in infants with anomalies of rotation and fixation (in- 


cluding gastroschisis and omphalocele). Rangarathnam et 
al suggested that gastrointestinal intubation prevents 
sharp angulation of compressed intestine and might avoid 
intestinal obstruction in instances of gastroschisis."’ It is 
of interest that three of four infants with gastroschisis in 
this report who developed late obstruction requiring tube 
stent plication were complicated by associated bowel atre- 
sia or perforation. Our other patients with gastroschisis 
have generally not had this problem and we, therefore, 
have not routinely used intestinal intubation at the initial 
operation. 

The observations from patients treated in this report 
suggest that gastrointestinal tube stent plication is a use- 
ful adjunctive procedure in carefully selected cases of ad- 
hesive intestinal obstruction in infants and children. The 
insertion of the tube by gastrostomy avoids the jejunos- 
tomy complications noted by Baker.* These observations 
further indicate that the tube stent plication procedure 
alone is adequate to relieve obstruction without the need 
for adjunctive Noble suture plication (as advocated by 
Moore et al'*) or tube exit cecostomy (described by Ravitch 


and Cherry"’). Although Baker assumed bowel decompres- 


sion at the time of tube passage might prevent or reduce 
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postoperative adynamic ileus, this has not been the case in 
young patients. Adynamic ileus has been observed in 
each case, and nutritional support by intravenous alimen- 
tation (peripheral or total) is required until removal of the 
tube. Whereas passage of the tube in adult patients re- 
portedly did not result in trauma to the bowel, substantial 
ooze and sequestered tissue fluid losses from the bowel se- 
rosa are observed in pediatric patients. 

Early diagnosis of obstruction, adequate preoperative 
preparation, antibiotics, appropriate monitoring of vital 
systems and thermal environment, awake intubation to 
prevent aspiration, and close attention to details concern- 
ing blood and sequestered fluid losses during operation are 
essential aspects in the care of these seriously ill patients. 
Careful consideration of these factors, as well as appropri- 
ate operative management, improves the overall condition 
of the patient and his opportunity for survival. 


Nonproprietary Name and Trademark of Drug 
Clindamycin—Cleocin. 
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Discussion 


JOHN RAFFENSPERGER, MD, Chicago: I am pleased to discuss Dr. 
Grosfeld’s paper, but I am somewhat in the same position as the 
fellow who has been asked to talk about his fraternity brother’s 
blind date. You are obligated to say something nice about the girl 
even if she is homely. I suppose the nicest thing I can say about 
Dr. Grosfeld’s work is that if I were going to do any kind of plica- 
tion for recurrent obstruction I would do it exactly the way he has 
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described, with a tube down the stomach and so on. The question 
is when and who. . 

Dr. Baker and I suffered with this problem seven or eight years 
ago. We operated on two patients with conditions very similar to 
this. They both died of fluid loss, shock, and general debility. I 
have not had occasion to do this operation since then, but our ex- 
perience did stimulate us to try to prevent adhesions. Under no 
circumstances do we allow dry gauze to touch bowel; some pedi- 
atric surgeons still recommend weighing sponges to figure out 
how much blood is lost. First of all, it is very inaccurate and, sec- 
ond, dry sponges cause serosal damage that contributes to adhe- 
sions. Suture should be used that has as little reactivity as pos- 
sible, so that excludes catgut from the peritoneal cavity. I think 
these things, plus meticulous washing of the powder off your 
gloves, will probably diminish the occurrence of adhesions in chil- 
dren and everybody else. 

But whom, then, would we do Grosfeld’s plication on? I have not 
had occasion to operate on a second case of adhesive obstructions 
that I would consider to be truly recurrent. 

It is very rare, at least in my experience, that the child whose 
entire abdomen is obliterated with adhesions gets obstructed. It is 
the child who has a specific loop of bowel down in his pelvis or to 
an area that was not reperitonealized or a specific loop up to the 
abdominal wall, so I would restrict this to at least the second or 
maybe even the third bout of adhesive obstruction. Probably the 
most salient point Dr. Grosfeld made was the importance of the 
use of parenteral hyperalimentation along with this, because 
these babies are terribly sick and they are going to have ileus for 
a long time. 

RALEIGH R. WHITE III, MD, Temple, Tex: I wish to commend the 
authors on an excellent presentation and to remind the members 
and guests of a bit of history. During the meeting of the Western 
Surgical Association at the Broadmoor in Colorado Springs, Colo, 
in 1954, 20 years ago, in the discussion of a paper by Gordon 
Smith, MD, of Los Angeles I first presented my experience with 
the use of a long intestinal tube to splint the entire small bowel, 
after the division of massive adhesions, to prevent recurrence of 
adhesive obstruction. A formal paper was later given at the meet- 
ing of the Southern Surgical Association and published in 1956 
(Ann Surg 143:714, 1956). I recognized and accepted that denuded 
serosal surfaces of lysed adhesions would surely reform, with the 
attendant danger of subsequent obstruction, but postulated that 
if acute angulation could be prevented by internal splinting with a 
long intestinal tube, thus maintaining the denuded bowel in large 
loops until fixation occurred in 12 to 14 days, obstruction would not 
recur after removal of the tube. I coined the term internal plica- 
tion or splinting as opposed to external plication by suture, the 
Noble procedure, then in vogue. 

The entire bowel may be splinted on only 1.5 meters of tube, but 
this is undesirable as telescoping occurs. I have preferred to use 
the entire length of a long intestinal tube such as a Miller-Abbott 
or Cantor tube to maintain large “friendly” coils of bowel during 
the fixation period. The method is most useful in chronic, recur- 
rent small bowel obstruction due to adhesions. In these patients, 
the tube is passed beyond the ligament of Treitz preoperatively, 
then at surgery it is threaded on down to the cecum after massive 

eadhesions have been divided. 

If one has not been able to pass a tube preoperatively, as in 
acute exacerbation of adhesive obstruction, then the Baker tube is 
very useful for bowel decompression by jejunostomy. Even in 
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these patients, however, I prefer to use ultimately the full length 
of 3.0 to,4.5 meters of tubing for splinting purposes after the 
bowel has been decompressed. When only the terminal part of the 
ileum is obstructed and denuded, a somewhat stiffer tube of 
shorter length can be passed retrograde and brought out as a ce- 
costomy. A Baker tube works well for this and is more comfort- 
able for the patient. I have tried to avoid gastrostomy in adults as 
an unnecessary procedure that is not without some risk, as you 
know, but I can see the obvious advantages of the authors’ method 
in infants. Apparently these tubes can be more readily passed be- 
yond the ligament of Treitz at surgery in infants, whereas it is 
difficult to do in adults. 

Long tube splinting is especially useful prophylactically to pre- 
vent obstruction after pelvic exenteration. Gene Bricker, MD, has 
often commented to me that long tube splinting has added to the 
safety of the care of these patients in preventing postoperative 
obstruction due to ablation of serosal surfaces. Again, I wish to 
congratulate the authors on their excellent technique and presen- 
tation of this important variation of long tube splinting in in- 
fants. 

JOHN E. JESSEPH, MD, Indianapolis: We thank the discussants 
for their comments and reminders about the importance of other 
matters in the management of such patients as those in whom 
these tube techniques are applied. 

Surely, the greatest usefulness for this will not come in the rou- 
tine patient operated on for a simple matter of recurrent obstrue- 
tion as a random event, but rather in pediatric patients, those who 
have had an immediate, early, perhaps neonatal cause of peri- 
tonitis. 

I think Dr. Grosfeld has adequately emphasized this matter of 


the application to the patients who have peritonitis secondary to 1 


perforation and malrotation in gastroschisis and comparable le- 
sions. It is these infants who will be most desperately ill, and in 
whom the method of management will be most critical. 

I am delighted that Dr. White should give us such nice historical 
perspective and I would like to add to it that Dr. Baker, who un- 
fortunately could not be here to discuss this paper, as past presi- 
dent of the American College of Surgeons has made other impor- 
tant contributions to our surgical lore and should be commended 
for helping us to maintain this procedure and its usefulness in the 
American surgical tradition. 

I would like to issue only one word of caution. Because I grew 
up surgically in Seattle and was partly under the influence of Dr. 
Baker and his contributions, I became early addicted to the use of 
the long tube as an internal stent, but I think that over the years, 
particularly in adults, we used it for somewhat longer periods of 
time than we needed to in the 1950s and 1960s. Not knowing how 
long we needed to leave these tubes down, I think we overdid it a 
little. 

One tube was left in a woman for over three weeks. Even 
though it was made of what is thought to be a nicely nonreactive 
or lowly reactive polymer, gastrointestinal juices and time 
wrought considerable havoc with this tube. On removal, it was 
cross-linked and cracked. We were lucky to be able to retrieve this 
tube without losing part of it. 

Clearly, as Dr. Grosfeld has said and as Dr. White has reminded 
us, a week to ten days, or perhaps two weeks, is long enough for 
these tubes, and to leave them in three weeks is perhaps asking 
for dissolution and other mechanical difficulties. 
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Acute Gastric Disease 


-MAJ Albert J. Czaja, MC, USA; MAJ Joseph C. McAlhany, Jr., MC, USA; 
MAJ Willard A. Andes, MC, USA; COL Basil A. Pruitt, Jr., MC, USA 








Diffuse erosive ‘‘gastritis’’ was discovered as early as five hours 


= postinjury in 45 of 54 burn patients (83.5%) evaluated by gastro- 
= duodenoscopy. Acute ulcers were identified in 14 patients (26%); 
_ concomitant duodenal disease was present in 34 patients (76%). Mi- 
= Crovascular fibrin thrombi were not demonstrated even though five 
a _ patients had disseminated intravascular coagulation. Seven patients 


were examined before nasogastric intubation; four, with a mean 
burn size of 59.6% total body surface, had diffuse ‘‘gastritis.’’ Low 
total serum protein levels were measured in 81% of tested patients, 
but were not predictive of mucosal disease. Hemorrhage followed 
the clinical deterioration of six patients (11.1%); one ulcer perfo- 
rated. Whereas coagulation abnormalities, nasogastric intubation, 
and hypoproteinemia may augment mucosal injury, the morphologic 
and histologic examinations of the lesions suggested a primary is- 
chemic cause resulting from the opening of submucosal shunts or 
local vasoconstriction. 


he development of acute erosions of the gastric mu- 
cosa following a cutaneous thermal injury was first 


| -described by Dupuytren in 1832.' Retrospective clinical 


and pestmortem studies?*® have recognized this erosive 
“gastritis” as a life-threatening complication in the burn 
population, occurring with a frequency estimated between 
14.4%? and 24.7%.° Endoscopic examinations of the stom- 
ach and duodenum within the immediate postburn period 
have indicated an even higher incidence of disease. Acute 
mucosal ischemia secondary to the opening of submucosal 
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arteriovenous shunts,':’* local vasoconstriction,’ or the de- 
velopment of microvascular thromboses from a dis- 
seminated intravascular coagulation’? or postburn 
hemoconcentration’’ has been implicated in the cause. An 
indwelling nasogastric tube (routinely used to decompress 
the burn patient with ileus), hypoproteinemia, and a nega- 
tive nitrogen balance may augment the mucosal injury.” 
To determine the clinical and pathologic characteristics of 
this acute gastric disease, early and serial endoscopic ex- 
aminations of the stomach and duodenum were performed 
in thermally injured patients admitted to the US Army 
Institute of Surgical Research. In 29 patients examined 
within 72 hours postburn, coagulation studies and mucosal 
biopsy specimens, specially stained to detect fibrin 
thrombi, assessed the etiologic importance of micro- 
vascular thromboses. The interrelationship between the 
acute gastric disease, the indwelling nasogastric tube, and 
hypoproteinemia was also evaluated. 


METHODS 


All nonpediatric patients admitted within one week after sus- 
taining a burn of more than 25% of their total body surface were 
eligible for endoscopy. A history of chronic gastrointestinal symp- 
toms or excessive alcohol or aspirin ingestion eliminated the pa- 
tient from the protocol. Each patient was managed independently 
by his physician. The informed written consent of the patient or 
his next of kin was obtained prior to each procedure. Endoscopic 
examination of the entire stomach and proximal part of the , 
duodenum was usually accomplished within 72 hours postburn, 
utilizing a fiberoptic panendoscope. This evaluation was repeated 
during the second and the third week of hospitalization. Other ex- 
aminations were performed whenever indicated clinically. Intra- 
venous administration of diazepam (up to 20 mg), occasionally 
supplemented by intravenous administration of meperidine, hy- 
drochloride (up to 50 mg), was begun immediately before each en- 
doscopic procedure. Photographs documented the mucosal disease. 
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Table 1.—Correlation of Acute Gastric Disease With Burn Size, Duodenal Disease, and Clinical Complications 
r . # P n 








| % of Total ite À Acute Acute y 
i Body Surface No. of Erosive Gastric Duodenal Gastric Gastric Operations for m 
t Burn Patients Gastritis * Ulcert Disease Hemorrhage Perforation Gastric Disease "E i 
Tee TST 0 0 0 0 0 0 0 | E 
| 20-29 3 0 0 0 0 0 0 Ea 
aia- 30-39 5 4 3 3 1 | 0 0 i | 
~~ 40-49 14 12 5 7 2 1 0 = 
| | 50-59 16 16 2 14 2 0 1 | Sa 
— 6069 6 5 2 3 1 0 0 Se 
70-79 4 4 1 3 0 0 0 | eee, 
80-89 2 1 1 1 0 0 0 a 
: 90-100 4 3 0 3 0 0 o A 
MaN- Total 54 45 14 34 6 1 3 4 
Incidence, % 83.5 26 63 mi 1.86 1.86 E 
| ! * Fundus and body always involved; antrum also diseased in 15 patients (33%). f +: 
| t Multiple gastric ulcers in five patients (36%). a 
ir + Bright red bleeding via nasogastric tube. kr 
| Biopsy specimens were obtained from the gastric lesions and the completed in 24. Serum protein levels were measured dur- 
adjacent intact mucosa. These specimens were processed with ing this same period in 21 patients. ig 
hematoxylin-eosin and phosphotungstic acid-hematoxylin stains; cH 
histologic sections were examined for the presence of micro- Acute Superficial Gastric Mucosal Disease : 
vascular fibrin thrombi. The platelet count, fibrinogen level, pro- (‘‘Gastritis’”) and Ulceration i 
thrombin time, partial thromboplastin time, and pher pelected er Table 1 indicates the incidence of erosive “gastritis” $- 
agulation studies, including fibrin degradation products, serial i i ; i ' 
thrombin time, plasminogen, and factors V and VIII, were deter- and acute ulceration, and the relationship of acute gastric ar 7 
mined on admission and were reevaluated every two to four days disease to burn size, duodenal disease, and clinical compli- siaN 
during the first two weeks of hospitalization. These studies were cations. Mucosal lesions were not discovered in patients 
reviewed by a hematologist who formulated a clinical inter- with burns involving less than 30% of their body surface. Ei- 3 
~ pretation of the coagulation changes while unaware of the endo- As indicated in Table 2, acute gastric mucosal disease was 
scopic findings. A sudden, marked decrease in both the platelet present in 76% of patients evaluated within 72 hours post- JA 
f count and fibrinogen level in conjunction with a prolongation of injury. Erythematous petechial lesions, confluent macular 
the prothrombin and partial thromboplastin times suggested the Areas of mucosal hemorrhage, and punctate erosions on a E- 
Paesi of Giagacnmated intravaseniir CONG? geo. Peram albu- pale mucosa were identified within the fundus and body of B 
min and total protein levels were monitored during this same s 3 ; ES, 
o val the stomach (Fig 1). The antrum was also involved in 15 of oN 
Patients with gastrointestinal ileus were routinely decom- the 45 patients with gastric disease (33%). Concomitant j 
duodenal disease was present in 34 of the patients with + 


pressed with a No. 18 F nasogastric sump tube attached to inter- 
mittent low pressure suction. Endoscopy was performed immedi- 
ately before or shortly after nasogastric intubation. Occasionally, 
the sump tube was in place for up to 72 hours before the initial en- 
doscopic examination. Localized or linear mucosal lesions were at- 
tributed to intubation trauma. 


RESULTS 


Seventy-nine endoscopic examinations were performed 
| without complication in 54 patients. All patients were 
P male, with three exceptions. Ages ranged from 16 to 76 

years (mean age, 33.4 years) and burn sizes ranged from 

i 20% to 96% of the total body surface (mean burn size, 

. 55.6% of the total body surface). Mortality within this 

study group was 76% (41 of 54 patients). Postmortem ex- 

amination in 36 cases (88% of the patients studied) cor- 
roborated the findings of gastroscopy. 

3 Twenty-nine patients were evaluated within 72 hours 

postburn; one patient was examined as early as five hours 

_ postinjury. Twenty-five other patients were studied from 

fourto 14 days after their burn. Mucosal biopsy specimens 

were obtained from 13 of the patients evaluated within 

the initial 72-hour period, and coagulation studies were 
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“gastritis” (76%). Acute gastric ulcers were not discovered 
before 72 hours postburn and always occurred in areas of 
severe superficial mucosal disease. Five of the gastric ul- 
cer patients (86%) had multiple craters. 

The histologic examination of the macular lesions 
showed microvascular congestion, edema, and focal muco- 


sal hemorrhage. Superficial epithelial necrosis above the _ 


muscularis mucosae, usually with an exudate of fibrin and 
neutrophils, characterized the erosions. Mucosal regenera- 
tive activity was occasionally evident (Fig 2). Frank 
mucosal infarction was also encountered (Fig 3). Mucosal 
necrosis extending beyond the muscularis mucosae distin- 
guished the ulcers. Inflammatory reaction around the ul- 
cer was only mild to moderate, even in one of the 14 ulcer 
patients (7%), whose lesion was colonized with fungi (Fig 
4), 


Effects of Nasogastric Intubation 


Seven patients who had not been intubated previously 
were examined within 72 hours postburn (Tables 2 and 3); 
four had the same diffuse superficial mucosal disease of 
the fundus and body described above. One of these pa- 
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Fig 1.—Diffuse superficial mucosal disease of fundus identified at 
gastrescopy within 72 hours postburn. Erosions and punctate areas 
of mucosal hemorrhage (dark areas) are present on frugal folds. 
Linear hemorrhagic lesion (arrow) probably represents trauma from 
nasogastric sump tube. 


tients also had antral involvement; two had concomitant 
erosive disease of the duodenum. All of the patients with 
mucosal disease had burns involving more than 38% of 
their total body surface (mean burn size, 59.6%), and le- 
sions were apparent as early as five hour postinjury. 

Endoscopy was performed in 22 patients after a naso- 
gastric sump tube had been in position for up to 72 hours 
postburn; four had normal appearing gastric mucosa 
(Table 3). Although one of these patients had only a 20% 
total body surface burn, the three others with normal gas- 
tric mucosa had injuries involving more than 67% of their 
total body surface (mean burn size, 79.8%). All three of 
these patients had low serum protein levels, and two also 
had laboratory evidence of disseminated intravascular 
coagulation. 

Eighteen patients had erosive gastritis and an indwell- 
ing nasogastric tube prior to the initial endoscopy (Table 
3). While linear mucosal lesions (Fig 1, arrow) frequently 
suggested a traumatic component of their disease, the dif- 
fuse mucosal congestion, the widespread distribution of 
discrete lesions, and the frequent, concomitant duodenal 
disease indicated a more generalized mucosal insult (Fig 
5). 


Microvascular Thromboses and Disseminated 
Intravascular Coagulation 


Laboratory evidence of disseminated intravascular co- 
agulation was present in five of the 24 patients (21%) eval- 
uated within the initial 72-hour period (Tables 2 and 3). 
Although three of these patients also had superficial gas- 
tric disease, mucosal biopsy specimens from two of them 
failed to demonstrate microvascular thrombi. Two other 
patients with laboratory evidence of consumption coag- 
ulopathy had normal-appearing stomachs and mucosal 
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Fig 2.—Biopsy krimen of fundic erosion obtained at ai 
copy during second week postburn. Area of glandular regeneration 
(arrow) is present beneath superficial exudate of fibrin and neutro- 
phils (hematoxylin-eosin, X 100). 


Fig 3.—Endoscopic biopsy specimen of gastric lesion obtained 
within 72 hours postburn showing frank infarction necrosis. Only 
remnants of glandular epithelium (arrow) are identifiable (hema- 
toxylin-eosin, X 100). 
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Fig 4.—Postmortem section of acute gastric ulcer showing necro- 
sis extending beyond muscularis mucosae. Branching pseu- 
La dohyphae of Candida are present in superficial necrotic exudate. 
= Moderate inflammatory response (arrows) has been generated 

 (hematoxylin-eosin, x 100). 
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Fig 5.—Gastroscopy on third day postburn shows nasogastric 
sump tube (arrow) passing over area of intense superficial mucosal 


disease. Complete endoscopic examination showed diffuse mucosal 
disease of fundus, corpus, antrum, and duodenum. E 


EEN and Serum Protein Levels in 29 Patients Evaluated Within 72 Hours Postburn -a 

= = | -Eiee 

Laboratory Evidence Histologic Evidence Low Total a 

of Consumption of Microvascular Serum Protein a 
i ; Coagulopathy Thrombi Levels* i 

Patient’s Status at No. of Patients With f ERE NEES ED S TE T aa 
= Initial Endoscopy Patients Gastritis Yes No Yes No Low Normal | 
-First day postburn 5 5 a 
bine With nasogastric tube | 3 E. 
D: Without nasogastric tube 2 a 
Ly Second day postburn aa 
ee With nasogastric tube pth 
TAN Without nasogastric tube Pas 
| Third day postburn M 
| With nasogastric tube S 
Without nasogastric tube ae. 

Total 4 
Incidence, % fe 

£ * Less than 6 gm/100 ml. Be 
| SS 
N ; Br 
) biopsy specimens even though both had burns of greater and both had diffuse mucosal disease. The two others had 
than 67% of the total body surface, an indwelling naso- = normal-appearing stomachs but had sustained burns of ` 
gastric tube, and total serum protein levels of less than 6 less than 30% of the total body surface. Normal gastric 

~ gm/100 ml. Mucosal biopsy specimens from seven other mucosa was present in three other patients with large e fe 
' patients with gastric erosions but normal or nondiagnos- burns (mean burn size, 63.8% of the total body surface) in Soi 
tic clotting studies also showed no microvascular throm- spite of low serum protein levels; two of these also had an 
boses. indwelling nasogastric tube for up to 72 hours before the E 

| i initial endoscopic examination. oe 
Total Serum Protein Levels Ras. 
py As seen in Table 3, patients with normal and diseased _ es | 


| Total serum protein levels were above 6.0 gm/100 ml in 
-only four of the 21 tested patients (Table 2); only one pa- 
tient,had a serum albumin level above 3 gm/100 ml. Two 
of the four patients with normal total serum protein levels 
haq burns of greater than 50% of the total body surface 
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gastric mucosa tended to have low serum protein levels. _ 
Patients with acute gastric disease, however, had signifi- 
cantly lower protein levels than patients with normal mu- $ 
cosa (mean, 4.48 gm/100 ml vs 5.72 gm/100 ml; P < .05). 
Although patients with “gastritis” had larger burns than 
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‘No. of Patients 
Clinical Characteristics Evaluated 

Age, yr* 22 

Mean + SD 

Range 
Burn size, % total body surfacet 22 

Mean + SD 

Range 
Total serum protein, gm/100 mit 16 

Mean + SD 

Range 
Consumption coagulopathy 19 
Normal phosphotungstic 

acid-hematoxylin 

biopsy specimens 

& disseminated intravascular 

coagulation 9 
Intubation prior to endoscopy 
No previous intubation 


Table 3.—Clinical Characteristics of 29 Patients Evaluated Within 72 Hours Postburn 


Acute Gastric Disease 









Normal Gastric Mucosa 




















No. of Patients 
Results Evaluated Results 
7 
32.5 = 15.6 37 + 16.9 
18-74 16-55 
7 
57.6+ 17.0 50.1 + 29.1 
38-96 20-89 
5 
4.48+ 1.08 5.72 + .988 
2.4-6.5 4.4-6.8 
3 5 2 
2 4 2 







* No significant difference between ages of patients with and without disease. 


t No significant difference between burn sizes of patients with and without disease. 
} Difference between patients with and without gastric disease significant at level of .05. 


ee patients with intact gastric mucosa (mean, 57.6% vs 50.1% 


ae of the total body surface), this difference was not signifi- 


cant, nor was there a significant age difference between 
both groups of patients. 


Clinical Complications 


As indicated in Table 1, upper gastrointestinal bleeding 
originated from gastric lesions in six of the 54 patients 
(11.1%). In five patients, hemorrhage from diffuse super- 
ficial erosions was shown. This bleeding was easily con- 
trolled with iced saline lavage and was never life-threat- 
ening. Only one patient required vagotomy and subtotal 
gastrectomy for control of gastric ulcer bleeding. One 
other patient perforated a gastric ulcer that was not diag- 
nosed premortem. 

Nineteen patients had multiple gastroscopic examina- 


_ tions; six were evaluated on three occasions. Eight of 


these 19 patients showed progression of their mucosal dis- 
ease. The clinical course of each patient had been compli- 
cated by sepsis, respiratory insufficiency, or hypotension. 
As six other patients convalesced uneventfully, their 
mucosal disease improved. Complete healing occurred in 
four patients within three weeks postburn; in two of 
these, erosive disease recurred after the development of 
septicemia and hypotension. 


COMMENT 


Retrospective surveys relying on clinically obvious com- 
plications, such as hemorrhage or perforation, identify 
acute gastric disease in less than 30% of thermally injured 
patients.’ Gastroduodenoscopy indicates that this disease 
is mueh more common in the immediate postburn period 


_ than appreciated clinically.’ In this study, superficial ero- 


sive disease of the stomach was present in 83.5% of pa- 
tients with burns involving more than 30% of their total 
body surface. Acute gastric ulcerations were discovered 
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later in the postburn period in 26% (14 of 54 patients) and 
appeared to represent progression of the early mucosal in- 
jury. Diffuse gastric disease could be asymptomatic even 
in patients with multiple ulcers. Positive tests for occult 
blood from nasogastric aspirate or stool were commonly 
the only clinical signs of the disease process. Disease pro- 
gression followed clinical decompensation of — 
Although brisk gastric hemorrhage occurred in 1 
patients, this bleeding was usually controlled with iced 
saline lavage. Life-threatening hemorrhage or perfora- 
tion occurred only in patients with an ulcer. 

The cause of this acute gastric disease is unknown. The 
frequent, early association of both gastric and duodenal 
disease (concomitant involvement in 76% of 45 patients 
with mucosal disease) indicates a common susceptibility to 
the initial pathogenic insult. The appearance of gastric le- 
sions as early as five hours postburn and the histologic evi- 
dence of infarction necrosis suggest that acute mucosal is- 
chemia, occurring almost immediately postburn, is of 
etiologic importance. The generalized mucosal pallor and 
the results of the morphologic examination of the lesions 
encountered within 72 hours postburn are similar to the 
observations made previously in acutely hemorrhaged ani- 
mals." Since fibrin thrombi were not evident in any of the 
mucosal biopsy specimens obtained from patients with 
erosive disease, including those with laboratory evidence 
of disseminated intravascular coagulation, microvascular 
thrombosis did not appear to be an important etiologic 
factor. The opening of submucosal arteriovenous shunts ate 
the time of thermal injury, however, could have initiated 
the pathologic process, resulting in focal areas of mucosal 
injury with associated edema and hemorrhage. The arte- 
riovenous anastomoses in the human stomach are respon- 
sive to control by the autonomic nervous system; sympa- 
thetic stimulation shunts blood away from the mucosa.*-"7 
In restrained rats, the opening of these shunts produces 
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- botic ulceration of the gastrointestina 


generalized mucosal ischemia followed by focal tissue 


damage, possibly related to the local release of vasoactive 
substances.’ The abrupt shunting of blood away from the 
gastricemucosa immediately postburn in response to sym- 
pathetic discharge or catecholamine release could crit- 
ically compromise gastric mucosal perfusion in the burned 
patient. 

As in the study of Lucas et al, the antrum was less fre- 
quently diseased than the fundus and body. A greater he- 
modynamic stability under conditions of “stress,”'*’° a 
more rapid mucosal regeneration rate,” or a reduced 
energy demand” may make the antrum less susceptible 


_ than the more proximal part of the stomach to injury from 


acute alterations in mucosal perfusion. Serial endoscopic 
examinations indicated that antral disease improved more 
rapidly than fundic disease, even in the presence of bile 
reflux. 

The acutely injured gastric mucosa may be predisposed 
to additional damage by acid, bile salts, or digestive en- 
zymes. Hypoproteinemia and prolonged nasogastric intu- 
bation may augment this damage. Total serum protein 
levels of less than 6 gm/100 ml were present in 81% of 
tested patients. This hypoproteinemia could contribute to 
mucosal edema, and a negative nitrogen balance, associ- 
ated with thermal injury, might impair mucosal regenera- 
tion.” Patients with acute gastric disease tended to have 


significantly lower protein levels than patients with nor- 
mal gastric mucosa. The lower protein levels in patients 


with acute gastropathy might have reflected substantial — y 


losses of protein from the injured mucosa. Low serum pro- 
tein levels, however, were not consistently associated with 
mucosal disease or large burns. Similarly, while it is im- 
possible to determine from this study the entire contribu- 
tion of the nasogastric tube to the mucosal injury, it is evi- 
dent that unintubated patients could develop early diffuse | 
mucosal disease. Although the lesions of tube trauma were 


frequently identified, the diffuse mucosal congestion with N 


erosions and the concomitant duodenal disease indicated a 
more generalized mucosal insult. While coagulation abnor- 
malities, nasogastric intubation, or hypoproteinemia 
might have enhanced mucosal injury, they were clearly 
not of primary etiologic importance. 

Early gastric mucosal injury may well be impossible to 
prevent after a major burn; however, control of those fac- — 
tors that may augment this injury is possible. In this re- 
gard, early vigorous nutritional support and judicious use 
of nasogastric suction may prove beneficial. Close moni- 
toring of patients with extensive burns, particularly those 
who develop septic and other complications, will permit 
identification of disease progression, early diagnosis of 
perforation or substantial hemorrhage, and timely surgi- 
cal intervention to enhance survival. 
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Hemorrhage Due to 


Diffuse Erosive Gastritis 


Of 796 patients admitted with upper gastrointestinal bleeding dur- 
ing a five-year period, 156 (20%) had erosive gastritis. Vigorous 
nonoperative treatment stopped bleeding in 117 (75%): emergency 
operation was required in 39 (25%). In 24 of these 39 patients 
(group A), subtotal gastric resection with truncal vagotomy was per- 
formed. In the remaining 15 patients (group B), the operation was 
limited to pyloroplasty, truncal vagotomy, and multiple suture liga- 
tion. These patients were, on the average, 20 years older than the pa- 
tients in group A, and 12 had life-threatening preoperative problems. 
(Only four of the group A patients had life-threatening preoperative 
problems.) The operative mortality in group A was 42%, with re- 
bleeding occurring in 33%. In group B, only 17% rebled and the op- 
erative mortality was 45%. 

Survival in the two groups was similar, even though those patients 
in group B were more critically ill. The less radical procedure may 
often be the best choice in the high-risk and elderly patients who 
bleed massively and in whom immediate salvage of life is the main 
issue. 


j nies subjects in surgery have aroused as much contro- 
versy over the years as the choice of emergency oper- 
ation for bleeding due to acute diffuse erosive gastritis. At 
present, no one method commands any considerable sup- 
port from substantial numbers of surgeons. Unfortu- 
nately, there seems to be a high irreducible minimum 
number of patients with bleeding acute erosive gastritis 
who will not do well, regardless of the method of treat- 
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ment or operation performed. The causes of death are usu- 
ally not determined by the method of treatment of gas- 
trointestinal bleeding. Needless to say, control of bleeding 
by nonoperative means would be the best choice if success- 
ful. However, some patients who are already desperately 
ill will inevitably require operation to stop hemorrhage. 
Therefore, we have reviewed our operative experience 
with bleeding erosive gastritis in the hope of defining the 
safest and most effective operation. 


METHODS AND MATERIALS 


This is a retrospective clinical study of patients who had oper- 
ations for bleeding due to acute diffuse erosive gastritis at the 
Pittsburgh Veterans Administration Hospital over a five-year pe- 
riod. The operations reported in this study were accomplished pri- 
marily by surgical residents, supervised by attending staff sur- 
geons, and, therefore, were influenced by the judgment and the 
technical ability of a number of different surgeons. The distribu- 
tion of patients’ age, sex, and seriousness of concomitant medical 
illness admitted to a Veterans Administration Hospital influenced 
the decisions to some extent. However, similar problems affect to 
a varying degree the results of most hospital studies. 


Pathologic Findings 


The lesions found at operation were multiple erosions and ulcers 
in localized areas scattered throughout the stomach. The multiple 
gastric erosions appeared grossly as slightly depressed oval areas, 
5 mm in diameter, filled with fresh blood clots on the crest of rugal 
folds. Microscopically, the erosions showed necrosis confined to the 
lamina propria of the mucosa. The number of erosions found in 
the individual stomach varied, but they were usually numerous, ie, 
20 to 30 per stomach. Erosions were always found together with 
several stages of ulcer craters of varied depths and diameters. 
The ulcer craters, as opposed to the erosions, were between rugal 
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folds and varied in diameter up to 1 cm. A large artery protruding 
through the base of one or more of these localized ulcers was iden- 
tified as the source of bleeding in all patients requiring operation 
for acute diffuse erosive gastritis. Microscopically, the ulcers were 
usually of sufficient depth to penetrate the muscularis propria. 


Sites of Hemorrhage 


A total of 796 patients were admitted with a diagnosis of upper 
gastrointestinal bleeding during a five-year period ending Decem- 
ber 1973 (Fig 1). As might be expected, the majority (224) were 
admitted with bleeding esophageal varices secondary to cirrhosis. 
However, 156 were found to have bleeding due to acute diffuse 
erosive gastritis. In another 168 the site of bleeding was not deter- 
mined but could also have been due to diffuse erosive gastritis. If 
this were the case, as high as 41% of all admissions for upper gas- 
trointestinal bleeding might have been due to erosive gastritis 
(Fig 1). Those patients bleeding from known peptic gastric or 
duodenal ulcers and esophageal varices were excluded from this 
study of erosive gastritis. 


Initial Treatment 


When the diagnosis of upper gastrointestinal bleeding was 
made, an intensive program in accordance with the suspected se- 
verity of bleeding was begun. If not already present, a nasogas- 
tric tube was inserted immediately to initiate iced saline lavage 
and to monitor the character and rate of bleeding. At least two in- 
travenous lines were inserted (usually one central) and blood was 
drawn for base-line laboratory studies and 6 units of whole blood 
were cross matched. Transfusion with packed red blood cells, 
platelets, or whole blood to a hematocrit reading of at least 35% 
was accomplished without delay if possible. Vitamin K was fre- 
quently given parenterally if a coagulation defect was suspected 
clinically. When the bleeding subsided, the nasogastric tube was 
used for administration of antacid solution by continuous drip. 
Parenteral anticholinergic therapy at a relatively high dosage was 
begun as soon as the diagnosis of upper gastrointestinal bleeding 
was made and it was continued for several days after the bleeding 
stopped. Endoscopic examination was performed as soon as pos- 
sible after the patient was stabilized. Emergency roentgen- 
ographic examination was usually not done because erosive gas- 
tritis is a relatively superficial lesion and the results of the 
examination are almost always normal. Most patients had sched- 


Fig 1.—Sites of hemorrhage in 796 patients admitted with upper 
gastrointestinal bleeding in five years. Bleeding erosive gastritis ac- 
counts for at least 20% of all admissions. 


Admissions Percent 


224 28 % 


156 
GASTRITIS 20% 








168 1% 


Unknown 


12 9% 
176 24 % 
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uled upper gastrointestinal examinations after the bleeding had 
stopped. ; 


Sites of Hemorrhage 
Requiring Operative Intervention 


Of all 157 emergency operations for hemorrhage, 39 were done 
to control hemorrhage due to diffuse erosive gastritis (Fig 2). The 
diagnosis of bleeding diffuse erosive gastritis was proven by en- 
doscopy, pathologic findings, or both in all 39 patients. Subtotal 
gastric resection with truncal vagotomy was performed in 24 of 
the 39 patients (group A). These 24 patients had an average age of 
48 years, with a range from 42 to 77 (Fig 3). In the remaining 15 
patients (group B), the operation was limited to pyloroplasty, 
truncal vagotomy, and multiple suture ligation because other con- 
comitant disease was life-threatening. These 15 patients had an 
average age of 68 years, with a range from 51 to 79 (Fig 3). 


Indications for Emergency Operation 


Of the 24 patients in group A, only two were in shock at the 
time of operation but all had bright red upper gastrointestinal 
bleeding. Shock was defined as a fall in systemic arterial blood 
pressure below 90 mm Hg. Seven of the 15 patients in group B 
were in shock at the time of operation. As might be expected, 
more blood was given to this group of patients preoperatively. 
Massive bright red upper gastrointestinal bleeding frequently oc- 
curred after several days of coffee-ground emesis or gastric aspi- 
rate. This was the primary indication for operation in all cases of 
erosive gastritis (Table 1). 


Major Preoperative Problems 


Thirty-two patients (82%) had such major underlying illness as 
postoperative major surgery (eight), pneumonia (six), cirrhosis 
(five), chronic uremia (five), emphysema (four), and heart failure 
(four) (Table 2). 


Life-Threatening Preoperative Problems 


Before bleeding, 19 of the 24 patients in group A had major pre- 
operative illness, but this was life-threatening in only four (17%) 
(Table 3). However, 12 of the 15 patients in group B (80%) were 
critically ill (Table 3). This included four patients assisted by res- 
pirators before bleeding, five undergoing renal dialysis, and eight 
with positive blood cultures, including one patient in septic shock. 


Fig 2.—Sites of hemorrhage in all 157 emergency operations for 
upper gastrointestinal bleeding in five years. Percent of emergency 
operations for bleeding erosive gastritis was similar to that of bleed- 


ing duodenal peptic ulcer. 
Operations Percent 


26 12% 


oJ -GASTRITIS 25% 






49 68 % 


43 29% 
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TOTALS 24 Patients 15 Patients 


Age - Range 42-7] 91 - 79 
Average 48 68 


Fig 3.—Types of operative procedures in patients who required 
operation in order to stop bleeding. Patients who had truncal vagot- 
omy with pyloroplasty and multiple suture ligation (group B) were, 
on the average, 20 years older than those who had resection (group 


RESULTS 
Initial Treatment 


Of the 156 patients with bleeding due to acute erosive 
gastritis, 117 (75%) stopped after iced saline lavage and 
antacid and anticholinergic therapy. Only 39 (25%) re- 


Be quired operation to stop bleeding. 


Operative Mortality 


The overall mortality of emergency operation for bleed- 
ing due to erosive gastritis was 43% of 39 patients. This 


i contrasts with mortality of emergency operation for 
= bleeding peptic gastric and duodenal ulcer of 12% in 92 pa- 


tients, while the mortality was 7% of 231 patients who had 


nf, elective operations for peptic ulcers. 


Ten (42%) of the patients in group A died, and rebleed- 


A ing oceurred in 33% (Fig 4). Seven (45%) of the patients in 


group B died, and rebleeding occurred in only 17% (Fig 4). 


Causes of Postoperative Deaths 


In the 17 postoperative deaths, the cause was confirmed 
by autopsy in 11. Sepsis, the leading cause of postopera- 
tive death, resulted in the death of over half of the pa- 
tients in group B. However, in this group, sepsis was pres- 
ent in eight of the 15 patients before operation, and in all 
of the four patients who subsequently. died of sepsis. In 


t -~ group B, rebleeding occurred in only three patients, and 


none of these patients died. However, rebleeding was the 
cause of death in three of the ten patients in group A who 


died. In four other patients in group A complications that 


3, = were not present before operation were the cause of death 


(two developed sepsis and two had acute myocardial in- 
farctions). 
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Fig 4.—Results of truncal vagotomy with pyloroplasty and mul- 
tiple suture ligation (group B) as compared to truncal vagotomy 
with subtotal resection (group A). Operative mortality was similar 
and rebleeding was less in group B. 


COMMENTS 


Bleeding from acute diffuse erosive gastritis, also 
known as hemorrhagic gastritis, stress ulcer, and gastric 
mucosal lesions, is often accompanied with a high mortal- 
ity because it frequently occurs in already critically ill pa- 
tients. Numerous concepts that have been proposed to ex- 
plain the cause of this acute mucosal disease have been 
reviewed elsewhere and will not be included in this discus- 
sion.' Since the cause of this disease remains unclear, both 
nonoperative and operative management have, of neces- 
sity, been empirical. 

Differentiating bleeding acute erosive gastritis from ei- 
ther bleeding peptic ulcer or esophageal varices is very im- 
portant. Confirming our previous experience’ and that of 
others,’* bleeding due to erosive gastritis will, in the ma- 
jority of cases, stop with vigorous nonoperative treatment 
(75% in this series), thus obviating operative intervention. 
It is important to begin vigorous treatment as soon as the 
diagnosis of upper gastrointestinal bleeding is made*® 
and continue therapy for a period of time after the bleed- 
ing has stopped. This is important because the extent of 
the progression of mucosal necrosis (superficial erosion 
through deep ulcer crater) undoubtedly determines the 
success of nonoperative treatment or the necessity for op- 
eration in order to stop bleeding.’ Protection of the in- 
jured gastric mucosa from further damage by acid-peptic 
autodigestion through the use of antacids and anti- 
cholingerics may prevent the superficial mucosal damage 
associated with slow coffee-ground bleeding from pro- 
gressing to deep ulceration. The deeper ulcers erode the 
larger arteries that cause massive bright red hemorrhage. 
In our experience, when this point in the progression of 
the pathologic process of erosive gastritis is reached, oper- 
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No. of patients 24 
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Patients with shock -2 7 
Hematocrit reading <30% 24 15 
Bright red rebleeding 24 15 


Table 2.—Major Preoperative Problems in Patients 
With Bleeding Erosive Gastritis 








r Resected Sutured 

Bai (Group A) (Group B) 

| No. of patients 24 15 
No. with problems 19 (80%) 13 (87%) 
Postoperative major surgery 3 5 

; 

| a | Heart failure 2 2 

| Chronic uremia 3 2 





Table 3.—Life-Threatening Preoperative Problems in 
Patients With Bleeding Erosive Gastritis 











Resected Sutured 
(Group A) (Group B) 
No. of patients 24 15 
No. with problems 4 (17%) 12 (80%) 
f 
| 
| 
f Hepatic failure 1 5 


ation to stop hemorrhage from a large artery is always 
necessary. 

A wide variety of operations for uncontrolled hemor- 
rhage due to erosive gastritis have been advocated. These 
have ranged from total gastrectomy,’ “blind” subtotal 
gastric resection,’ truncal vagotomy with gastrectomy,’ 
truncal vagotomy with pyloroplasty and multiple suture 
ligation," and, more recently, proximal vagotomy.” 
Proximal vagotomy without pyloroplasty has been per- 
formed with success and safety in selected patients with 
massive upper gastrointestinal bleeding.” Ultimately, 
this procedure may be found to be the best choice in pa- 
tients with bleeding erosive gastritis. Sullivan and associ- 
ates“ first drew attention to the beneficial effects of va- 

e gotomy as a method of operative management in these 
poor-risk patients. They observed the immediate blanch- 
ing of the gastric mucosa and the almost instantaneous 
cessation of bleeding after vagotomy. This has subse- 
quently been confirmed clinically by Drapanas and associ- 

| ates,’ and also confirmed experimentally in rats by Nylan- 

i der and Olerud.?* Vagotomy may stop bleeding through a 

| 
| 





transient decrease in gastric mucosal blood flow due to the 
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opening of submucosal arteriovenous shunts**' or by re- 
duction in gastric mucosal histamine content.” | | 

In our series of cases, operative mortality was high in 
both groups, but it was similar to other reported series of E 
comparable desperately ill patients requiring emergency 
operation for bleeding erosive gastritis.” It must be em- 
phasized that the operative mortality in these patients A 
cannot be compared to the much lower operative mortality 
in a different type of patient who bleeds from peptic ulcer. 

In our series, the operative mortality in group B was 
only 3% higher than that in group A. This was an insub- 
stantial difference since the group B patients averaged 200 S 
years older and were much more critically ill before oper- 
ation than group A patients. This is evidenced by the fact = 
that 80% of the group B patients had such life-threatening 
preoperative problems as septicemia with positive blood p 
cultures and almost half were in hemorrhagic shock. How- 
ever, although operative mortality was only 3% less in ~ 
group A, only 17% of these patients had such life-threat- = 
ening preoperative problems. Rebleeding was the cause of X 
postoperative death in almost one third of the group A pa- 
tients, whereas rebleeding was never the cause of death in 
group B. It would appear that truncal vagotomy with py- | 
loroplasty and multiple suture ligation is a good choice of — 
operation in the high-risk and elderly patient in whom the 
main issue is immediate salvage of life lest exsanguina- 
tion occur. 
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oE Discussion 
; = M, ATIK, MD, Louisville: I think it is important to differentiate 
= between massive bleeding and minor bleeding. It is also necessary 
to determine the cause of bleeding: whether it is due to erosive 
gastritis following sepsis, alcoholic bout, or aspirin and other drug 
_ intake, or whether it is due to chronic peptic ulcer. And it must be 
= determined whether or not these lesions are associated with coag- 
= ulopathy. 
; In a review of our cases several years ago, we also found that 
a _ there was no correlation between the type of operation patients 
= underwent and what happened to these patients subsequently. It 
i _ puzzled us even more that patients with erosive gastritis with a 
_ relatively minor mechanical defect, from submucosal capillaries, 
__ continued to bleed profusely and often could not be controlled with 
= Operations usually successful for control of bleeding for chronic 
= peptic ulcer. 
= Suspeeting coagulopathy, in the past three years we have 
_ started a prospective study in over 100 patients with massive up- 
_ per gastrointestinal bleeding. We found that the routine coag- 
= ulation tests, such as partial thromboplastin time, prothrombin 
_ time, bleeding time, fibrinogen, and platelet counts, in most of 
_ these patients were within normal limits. 
However, we found that almost all patients with erosive gas- 
tritis had platelet dysfunction. 

We have observed normal platelet function as determined by 
mean platelet adhesiveness, which in our laboratory is 40% + 10%, 
and by platelet aggregation, following addition of adenosine 5’-di- 
phosphate (ADP) and collagen to platelet-rich plasma. We saw a 
=~ patient with massive bleeding following burn sepsis who had an 
__ adaquate platelet count but very low platelet adhesiveness (18%) 
and showed no aggregation with ADP or collagen. 

We classified patients into the following groups: group 1, pa- 
= tients who bled following sepsis; group 2, patients who bled fol- 
~ lowing aspirin and other drug intake; and group 3, patients who 
= gave a history of alcoholism. In all of these patients, the mean 
= platelet adhesiveness was statistically and significantly lower 
= than normal. 

a On the other hand, in group 4, comprised of patients with 
_ chronic peptic ulcer, who had also been bleeding massively, the 
| platelet adhesiveness was either slightly or not at all abnormal, 
except in a few patients who also had taken aspirin or alcohol or 
who had been transfused with old stored blood. I would like to 
make a plea for avoiding transfusing of these patients with old 
stored blood, which contributes further to the persistence of mas- 
sive bleeding. I would also like to point out that patients in whom 
this platelet dysfunction was successfully corrected by transfu- 
~ sion of fresh blood, fresh frozen plasma, and platelets, or sponta- 
neously, by elimination of noxious agents and sepsis, bleeding 
_ stopped and they did not require emergency operations. On the 
_ other hand, in almost all patients in whom the platelet dysfunc- 
-~ tion was not or could not be corrected, such as those with uncon- 
_ trollable sepsis, bleeding continued despite any type of operation 
-~ performed. 
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The slight platelet abnormality in patients with chronic peptic 
ulcer was easily corrected spontaneously, and they all stopped 
bleeding without emergency operation. Later, they had elective 
remedial operations, a 

Our data show that operation for control of bleeding is rarely 
indicated in patients with alcoholic and aspirin gastritis and acute 
ulceration, and only on a few occasions in patients with sepsis. 

If an operation is contemplated in such patients, it is more re- 
warding to direct it primarily toward elimination of the source of 
sepsis than at the site of bleeding, which is secondary. Thus the 
need for emergency operation for persistent massive upper gas- 
trointestinal bleeding will be greatly diminished by reserving it 
only for the small number of patients without coagulopathy and 
platelet dysfunction, and for those who continue to bleed despite 
attempts at correction of their platelet dysfunction. 

FRANK G. Moony, MD, Salt Lake City: The San Antonio group 
have brought us a little closer to the incident of trauma as regards 
stress, and I agree with them that probably these lesions occur al- 
most at the time that the patient is either burned or otherwise 
traumatized because that is what we see in the laboratory. 

They have chosen to focus on arteriovenous shunts and the mi- 
crocirculation. Working with exteriorized segments of dog stom- 
ach in the laboratory, we cannot show changes in microcirculation 
during the genesis of erosive gastritis. 

For example, using radioactive microspheres with alcohol, bile 
salts, and aspirin on the mucosal surface, there is a fantastic in- 
crease in blood flow as erosions occur, and if one injects endotoxin, 
then you see only a modest drop in mucosal blood flow during ul- 
cerogenesis. 

I would like to know what the evidence is that the arteriovenous 
shunt or microcirculation is involved? 

We measured arteriovenous shunting in these experimental 
preparations, and there is almost none with the various types of 
models that we have worked with. 

This makes one feel a little desperate in terms of treating this 
disease, but I think the important thing is that we should treat it, 
and we should treat these patients very aggressively with ant- 
acids because it is the progression of these lesions to deep, pene- 
trating ulcers that leads to massive hemorrhage, the hallmark of 
stress erosions, as demonstrated by Dr. Stremple. 

I entirely agree with his management of these patients, and I 
have been employing his approach for the past ten years. Looking 
around for the deep ulcer and putting a suture in it, or for mul- 
tiple ulcers and suturing all of them, and then completing the op- 
eration with a vagotomy and pyloroplasty makes a lot of sense. I 
do it for every patient. I would not reserve it just for the 60-year- 
old. I think the younger patient who has the stress ulcer syndrome 
is also very much at risk in terms of an extensive procedure. 

I might ask if they have had an experience with perfusion of 
vasopressin injection into the left gastric artery. We have tried 
this, and I must say we have been very pleased. It slows down the 
bleeding. It demonstrates the level of bleeding in the stomach, if 
the patients are bleeding massively. I think it is a good way to get 
started on further therapy of these patients. 

JOHN L. SAwyeErRS, MD, Nashville, Tenn: Drs. Stremple and El- 
liott have brought to our attention, as have the authors of the pre- 
ceding paper, the most challenging problem facing the gastroin- , 
testinal surgeon today, the management of the bleeding stress 
ulcer. 

We are in essential agreement with the authors regarding man- 
agement. We are also seeing an increasing number of patients 
who have diffuse, erosive gastritis as a cause of upper gastroin- 
testinal bleeding. y 

The reason for the increased diagnosis is primarily the increas- 
ing use of the fiberoptic gastroscope, which we use as an initial 
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dannate evaluation on all ents: with upper paatruititestioal 
bleeding. This scope is available in our surgical intensive care unit 
and is used by the surgical residents. 

We also agree that those patients who persist in bleeding from 
erosive gastritis should have vagotomy and pyloroplasty with su- 
ture ligation, using silk, to suture the bleeding points in the stom- 
ach. 

While our results following operation for this disease are not 
good, 39% mortality, the survival rate has been better after vagot- 
omy and pyloroplasty (70%) than after resection with or without 
vagotomy (40%). 

The aim of the operation is to save life by stopping bleeding. 
Operation designed primarily to control the ulcer diathesis is not 
necessarily needed for control of bleeding from diffuse erosive 
gastritis. 

Rebleeding after vagotomy and pyloroplasty has been no higher 
in our experience (15%) than after vagotomy and resection, which 
would parallel the authors’ experience. 

One final word about prevention. Since following the lead of Bill 
Silen and Alex Walt in using. antacids prophylactically in patients 
who have sustained severe trauma, a major operation, and/or sep- 
sis, we have noted a marked decrease in the number of patients 
requiring operation for diffuse erosive gastritis. 

Nasogastric intubation, suction, and frequent injections 
through the nasogastric tube of antacids to keep the pH of the 
gastric aspirate at 7 or above have been effective measures in re- 
ducing the incidence of "stress ulcer” bleeding in these patients. 

I would like to ask one question regarding the authors’ use of 
anticholinergic drugs in managing bleeding from erosive gas- 
tritis: do they have real evidence of the value of using anti- 
cholinergics in this disease? 

J. BRADLEY Aust, MD, San Antonio, Tex: Drs. Stremple and El- 
liott have amply illustrated the frustrations in dealing with this 
particular surgical problem. 

In San Antonio we have adopted an alternate approach to ther- 
apy, that of gastric devascularization. We have always been wor- 
ried about carrying out massive resections for a temporal disease 
and also concerned because of the morbidity superimposed on an 
already desperately ill patient. And so we have, in our frustration, 
started dealing with the problem by a devascularization proce- 
dure, ligating the right and left gastric arteries and the right and 
left gastroepiploic arteries, leaving only the short gastric vessels 
intact. 

It has been very gratifying thus far. We have done 12 such pro- 
cedures in San Antonio. Our experience has been primarily in pa- 
tients who had multiple organ injuries of the abdomen. They have 
already had one operative procedure, and we strive to accomplish 
the second operative procedure as rapidly as possible. 

All of the patients with stress ulcerations have stopped bleeding 
promptly. Four of the patients subsequently died, one from vari- 
ceal bleeding that did not respond to devascularization and the 
other three died of their primary condition and did not rebleed. 

There was one failure in a young boy who not only had the gas- 
tric devascularization but also a complementary vagotomy and py- 
loroplasty. He rebled and subsequently required a total gastrec- 
tomy for control. He is one of the survivors. 

We do not think that this approach is ready for widespread use, 
` but we certainly are very encouraged thus far. It has been very 
gratifying. 

ALEXANDER J. WALT, MD, Detroit: In 1970 we presented our 
findings on acute erosive gastritis to this society. We had no 
burned patients in our series. We believed that this was a study 
that was calling out to be done, and it has just been very beau- 
ti€ully done by the San Antonio group. 

At that time—but much less so now—I wondered whether the 
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burn injury was a different one from that found in other forms of >o 
trauma and sepsis. That question was based on the observation — 
that we never saw a perforation of the stomach or the duodenum 
in nonburn patients. Perhaps we do see deeper lesions than we 
used to. 

The second thing we believed was that, in ordinary trauma and 
sepsis, the duodenum was not involved, but now that our gastro- 
scopes are going into the duodenum, we see that it is involved 
much more frequently than we had thought. 

The question I have for the San Antonio group then is: do you 
think there is any basic difference between the acute erosive gas- 
tritis seen in trauma and in sepsis, on the one hand, as opposed to 
burns on the other? i 

It is obvious that the stomach is a target organ, and presumably _ 
this is because the splanchnic circulation is involved very early in — 
shock. It is noteworthy clinically that in badly burned patients, — 
one of the first things one observes is the ileus, which occurs long _ 
before there is any evidence of sepsis. 

The second question that I would like to ask concerns your in- 
teresting observation that a number of people with extensive 
burns had no involvement of the stomach whatsoever. Have you 4 # 
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than we pak had to do, ours never topping 10%. 
With the use of endoscopy in a consecutive series of about 200 — 
cases of upper gastrointestinal bleeding, published last year—and — 
from which we excluded patients with trauma or sepsis—we found 
that 45% had acute erosive gastritis on the basis of alcohol or aspi- — a 
rin, and the vast majority of those—almost 95%—would stop bleed- — a 
ing spontaneously and not require surgery. Your incidence of op- 
erative intervention is perhaps higher than in most series. $ 
The people who do require earlier surgery and who really do 
pose a problem are those in the older age group. Of those over 60, — 
about 80% die no matter what operation we do. Therefore, we re- 
cently have gone to the laboratory and will present a paper shortly 
in which we have tried to cauterize these lesions through an endo- | 
scope. We have Dr. Sugawa, who is a very talented endoscopist,in 
our department and we have tried to explore potential alterna- 
tives rather than submit these patients to operation. Dr. Sugawa 
first worked with animals and has now worked with a few pa- 
tients, in whom we have actually used the cautery through an en- 4 
doscope to try to stop bleeding. If this will work, it may be a way — 
of obviating operation in selected intensely ill patients. pe 
Dr. STREMPLE: Dr. Pruitt’s group is to be congratulated for an- — 
other fine contribution to the study of the predisposing factors 
and natural history of acute gastrointestinal disease following 
burn injury. This paper confirms that there does not seem to bean 
etiologic significance of disseminated intravascular coagulation to — at 
these acute gastrointestinal lesions. We had previously published __ 
prospective studies of 50 combat trauma patients in whom we 
measured, from the day of injury, consecutive daily hematocrit 
reading, platelet count, prothrombin time, partial thromboplastin 
time, plasma fibrinogen, screen filtration pressure (blood aggrega- 
tion), and arterial and venous blood viscosity. Confirming the 
work of Dr. Pruitt, although we found minor changes in some of E 
these factors in our study these changes were not significant, k 
there was also no evidence of disseminated intravascular coag- __ 
ulation. However, measurements of coagulation factors earlier af- | 
ter trauma may have shown changes that we might have missed 
since there is a later rebound and increase of coagulation factors. 
As Dr. Atik mentioned, however, we also did not measure platelet 
adhesiveness. The major contribution of Dr. Pruitt’s group was 
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f: the confirmation of the gastrointestinal insult that falls on a back- 
_ ground of early development of erosive gastritis and is followed 
later by gastric and duodenal ulcers. These observations con- 
firmed our previously published description of the pathologic find- 
ings of the acute gastrointestinal lesion following combat trauma, 
5 which included six progressive stages, beginning from microscop- 
_ ical epithelial necrosis, to erosions, intermediate ulcers, ulcer cra- 
ters, hemorrhagic necrosis, and, finally, malacia of any segment of 
A the gastrointestinal tract, stomach, small bowel, or colon. This 
_ spectrum represents a continuum of pathologic lesions ranging 
4 from the earliest superficial epithelial necrotic lesion, discernible 
only by microscopical examination, through grossly visible mul- 
tiple erosions, intermediate ulcers, localized ulcer craters of the 
_ stomach (or of duodenum, small bowel, and large bowel), to com- 
aa plete necrosis of gut wall. All stages may be found in the gastroin- 
testinal tract of the same patient. In our previously published 
work we suggested that the acute mucosal erosive lesion repre- 
_ sented an early visible stage, and progression occurred through an 
_ intermediate stage to a deep ulcer crater. Gastrointestinal necro- 
| sis or malacia, seen in one of our patients and described by others, 
including patients with burn injury, may well be related. Com- 
plete necrosis or malacia of any segment of the gastrointestinal 
_ tract may be not a separate disease entity, but the end stage or 
the most severe form of the generalized acute gastrointestinal fo- 
eal necrosis syndrome or that previously called the Curling ulcer 
syndrome. 
ea Pruitt: I would like to compliment Drs. Stremple and El- 













art 


e” E ithough mortality was identical in their two groups, the lesser 
BY incidence of rebleeding in the nonresection group demands our 
consideration. 
`. Their grading of preoperative illness is of some concern, since 
_ the definition of “life-threatening” is not specified, and I wonder 
- if the authors could clarify what their criteria were. 
= Additionally, were the extent and severity of the disease pro- 
cesses similar in both groups, since that might explain the ob- 
_ served differences? 
= Our experience with Curling ulcer is somewhat different. 
Since rebleeding has been a problem only in our nonresection 
7 group, even though that group is very small, we have emphasized 
_ removal of the ulcer if at all possible. 
_ Operative intervention is important in patients whose bleeding 
= cannot be otherwise controlled. Such may actually be conservative 
_ rather than radical treatment, since the patients who recovered 
when combined with those who resumed gastrointestinal function, 
but ultimately died from their basic disease, comprise 51% poten- 
tial survivors of operation as opposed to an 87% overall mortality. 
= Early hemorrhage from gastritis in our burn patients has been 
_ controlled, with one exception, nonoperatively, and I wonder if 
-~ gastritis versus bleeding ulcers with an exposed vessel separate 
_ the two groups that comprise Dr. Stremple’s series. 
-~ Last, I would like to ask the authors to speculate as to the rea- 
5 son for better results of an operation that leaves behind a bigger 
_ denervated gastric mass that should be more susceptible to re- 
bleeding. 
Were there differences in the incidence of ileus that prevented 
antacid therapy, or was acid secretion higher or bile reflux more 
common? 
__ | will now address the questions raised by the discussants of our 
paper. To answer Dr. Atik, we have not done platelet aggregation 
studies, but, as I mentioned, the clinical significance of platelet 
; changes i in the immediate postburn period is at best questionable 
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since of our over 300 patients with Curling ulcer, we have had only 
one patient with uncontrollable early gastritic type bleeding. 

It is certainly true, as Dr. Moody says, that our microsphere 
studies show no decrease of blood flow to the total gastric corpus. 
However, microspheres may not sort out the gastric mucosal frdm 
the gastric mural blood flow. 

The punctate discrete nature of the lesions, with underlying 
engorged vessels, that we see in burn patients who die in the first 
48 hours postburn, and the open shunt that we found in close ana- 
tomic relation to one such lesion, speak for but do not confirm a 
vascular cause. The characteristic infarction necrosis and early 
appearance of the lesions also suggest a vascular pathogenesis. 

To answer Dr. Walt’s question, we, too, believe that there is no 
difference between the acute gastrointestinal changes in the 
trauma patient and the burn patient, and that one is dealing with 
the spectrum of a single disease. 

In a prior review, the incidence of ulcers in our burn patients 
peaked at 40% regardless of the extent of burn, but we have not 
sorted out what protects the other 60% of our burn population. 

There was nothing apparently different in the four study pa- 
tients who had big burns, and did not have mucosal disease, other 
than the fact that all four died within four days postburn. 

Dr. ELLIOTT: We really have no experience and no measure- 
ments with platelet adhesiveness as pointed out by Dr. Atik as a 
factor in bleeding. 

With respect to Dr. Moody’s question about intra-arterial vaso- 
pressin injection, we have employed this, but in so few patients 
that we cannot give an informed opinion as to its value. We have, 
however, had several in whom it failed to control bleeding, and op- 
eration was subsequently required. 

We have not really believed that vagotomy and pyloroplasty 
was the best operation for the emergency control of gastric hem- 
orrhage over a long period of time. This is obvious from the fact 
that two thirds of our patients in this retrospective survey had 
subtotal gastric resections of one form or another. This survey did 
reach back prior to Dr. Stremple’s and my time at our hospital. In 
the last three years we have approached the desperately ill patient 
with a rather apologetic attitude, wondering if we were doing the 
right thing when we stopped short of a major resection. Since our 
review, I am convinced that we have usually done the right thing 
in employing vagotomy and drainage. The reason that vagotomy 
stops bleeding is probably related to the acute reduction in gastric 
blood flow that it produces. 

There are good data on this only in animals with normal mu- 
cosa, but in these animals vagotomy produces an immediate re- 
duction in gastric blood flow of approximately 40%, accompanied 
by a decreased rate of gastric mucosal secretion. 

The use of anticholinergics in hemorrhage, of course, is an at- 
tempt to have the effect of vagotomy without doing the operation. 
In response to Dr. Sawyer’s question, we truthfully do not have 
any objective measurements by which we can be certain that anti- 
cholinergics have been effective. However, I think their use has an 
important rationale in this problem. 

We cannot define our life-threatening complications better for 
you, Dr. Pruitt, much as we would like to. However, most of the 
factors were objective. There were positive blood cultures; me- 
chanical respirators necessitated for support before operation; 
five patients undergoing renal dialysis for acute tubular necrosis 
prior to operation. While these are objective measures, the hepatic 
failure listed is a little bit more vague. These were for the most 
part patients with known cirrhosis, fairly deep jaundice, or coma 
associated with the acute illness. These factors, as enumerated, 
did seem to provide a measure indicating that the sicker patients 
got the lesser operation. Nevertheless, vagotomy and pyloroplast? 
has worked out just as well, and I think that is our basic message. 
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- Radioisotope Detection 


of Venous Thrombosis 


Venous Scan vs Fibrinogen Uptake Test 


Erich W. Pollak, MD; Milo M. Webber, MD; 
Winona Victery, MS; Earl F. Wolfman, Jr., MD 


Experience with the fibrinogen uptake test and the technetium Tc 
99m albumin aggregated venous scan in 89 patients showed the lat- 
ter to be adequate for simultaneous screening for pulmonary embo- 
lism and venous thrombosis of the lower extremities and pelvis. 

Because the fibrinogen uptake test differentiated active from inac- 
tive venous thrombosis, it is indicated when anticoagulation is con- 
| sidered for patients with a history of thrombophlebitis and equivocal 

clinical findings of acute activity. It can also be used to monitor high- 
risk patients and to detect proximal propagation of thrombi. 

The results of the technetium venous scan were abnormal in 97% 
of patients with venous thrombosis and the fibrinogen uptake test 
detected 100% of patients with acute activity. Both tests react to dif- 
ferent aspects of the thrombotic disease, thus complementing each 
other. Because of their reliability, indications for phlebography are 
now less frequent. 


“ ene to our earlier experience with a series 

| of 516 patients, a supradiaphragmatic origin for pul- 
monary embolism can be demonstrated in less than 10% of 
cases.' Consequently, attention should be directed toward 
early identification and treatment of embolic sources situ- 
ated in the lower extremities and pelvis. Detection of such 
sources includes the utilization of new and sophisticated 
methods. Clinical examination alone detects approxi- 
mately half of the venous thrombi encountered by more 
exact procedures,’ and radiographic phlebography, while 
very reliable, has known limitations that make its appli- 
cation on a wide scale impractical.’ 

Recent perfection of blood flow studies with Doppler ul- 
trasound and electric impedance and strain gauge 
plethysmography have widened the applicability of such 
methods for detection of venous thrombosis where meth- 
ods involving utilization of radiological or nuclear proce- 
dures are contraindicated.’ Radioisotopic methods for de- 
tection of venous thrombosis include the use of labeled 
fibrinogen,’ plasmin,’ leukocytes,* platelets,’ and albu- 
min. Two of these methods, '*°I-fibrinogen uptake test 
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and technetium Tc 99m albumin aggregated venous scan, — 
have been the object of widespread study and clinical tri- — 
als. The purpose of this article is to delineate the place — 
of these methods in the diagnosis and management of — 
venous thrombosis. 


MATERIAL AND METHODS x 


Both the technetium Tc 99m albumin aggregated venous sean 
and the fibrinogen uptake test were evaluated in a series of 89 pa- 
tients comprising normal controls, patients with active recent 
thrombophlebitis, those with long-standing venous obstruction — 





4 


without clinical signs of recent thrombotic activity, and those in w 












whom the diagnosis of venous thrombosis was equivocal. All pa- _ 
tients were observed clinically for at least two months after test- — 


ing. 
'°>|-Fibrinogen Uptake Test 


Because only autologous fibrinogen was utilized, individual © 
preparation and labeling techniques were required in each case. 
First, 100 + 20 microcuries of *°I-fibrinogen was injected into an 
antebrachial vein of each patient. Isotope uptake was monitored 
with an external counter at the level of the midsternum and at 
eight to 16 positions overlying the femoral vein, popliteal vein, — 
and midline of the posterior aspect of the calf, on each lower ex- 
tremity. After correction for background activity, each count was — 
expressed as a percent of the midsternal activity, thus correcting 
for isotope decay, biological degradation, and urinary elimination 
of isotope. Serial measurements at these positions made one hour 
after injection and on subsequent days were compared. Results 
were plotted on a graph to facilitate their comparison. According 
to our previous work,“ a result was considered abnormal (positive 
for developing thrombosis) only if there was an increase of isotope 
uptake at the same position in serial observations (Fig 1 and 2). — 
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Technetium Venous Scan 


Macroaggregates of albumin, incorporating technetium Te 99m 
sulfur colloid (Duoscan), were prepared to form labeled particles 
10 to 50u in size. Then, 1.5 millicuries of technetium Te 99m al- — 
bumin aggregated was injected into a dorsal vein of each foot: 
with tourniquets applied at the level of the ankles and below the i 
knees. Prudent exercise of the legs was performed for one min- — 
ute. Isotope distribution in the legs and pelvis was then detected _ 
with a scintillation camera and recorded with Polaroid photogra- a 
phy. Abnormal results consisted of marked accumulation of iso _ 
tope easily detectable on the photographs. Minimal concentrations 
of isotope were not considered indicative of thrombosis (Fig 3). 


RESULTS 


The technetium venous scan was performed in 77 pa- 
tients, with 34 abnormal and 43 normal results. There 
were no false-negatives among patients with known re- 
cent venous thrombosis of the lower extremities and only 
one normal result among those with long-standing venous 
obstruction. Only two of 40 normal controls had sean find- 
ings compatible with an abnormal result. E 

The fibrinogen uptake test was performed in 59 pa- — 
tients, with 23 abnormal and 36 normal results. The re 
sults were normal in all 14 normal controls and in all — 
patients with long-standing clinically inactive venous ob- 4 
struction. Each of 17 patients with recent thrombosis had 
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_ Fig 1.—Fibrinogen uptake test: abnormal results. Curves of per- 
= cent uptake at right lower extremity showing increasing uptake in 
serial tests. 
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Fig 2.—Fibrinogen uptake test in same patient as in Fig 1. Percent 
_ uptake at each of five preselected positions is represented by differ- 

ent curve; consequently changes at these positions can be com- 
_ pared, shewing upward trend, more marked at groin. 
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-abnormal results. 
3 Radiographic phlebography was performed in 32 pa- 
tients, and it confirmed the technetium scan results in 25. 
_ There were six abnormal scans in patients with normal 
phlebography (19% false-positives) and only one patient 
= with a normal sean and abnormal phlebography (3% false- 
_ negatives). Phlebography was indicated but not per- 
F formed in nine other patients. Five of them refused per- 
-mission to perform the examination, two others had a his- 
tory of allergy to the contrast media, and in two instances 
it was technically impossible to perform. Moreover, one 


ns 


` 
. 










614 Arch Surg/Vol 110, May 1975 


patient developed a mild cutaneous rash following phle- 
bography and another developed limited thrombophlebitis 
following the contrast media injection. There were no yn- 
toward reactions following either test, although in the lat- 
ter the technetium Tc 99m albumin aggregated could not 
be injected in two cases because it was not possible to find 
a suitable dorsal foot vein. 

Thirteen patients were referred because the attending 
physician was unable to determine clinically whether anti- 
coagulant therapy should be instituted. Of these, five pre- 
sented relative contraindications for anticoagulation that 
could have justified therapeutic abstention. There were 
seven abnormal venous scans and six abnormal fibrinogen 
uptake test results among this group. Only three had ab- 
normal results to both tests. Phlebography performed in 
two of these three patients was confirmatory of deep vein 
thrombosis. Thrombophlebitis, requiring anticoagulation, 
became apparent in the third patient within seven days of 
the initial test. 


COMMENT 
Technetium Venous Scan 


These results indicate that an abnormal technetium 
venous scan is 97% sensitive and 81% reliable in separat- 
ing patients with venous pathologic findings (recent or 
old) from those who do not have venous disease. In the 
presence of an equivocal clinical diagnosis of acute venous 
thrombosis occurring in a patient with a history of throm- 
bophlebitis, neither venous scan nor radiographic phle- 
bography can resolve the question. Each of them will only 
show the presence of venous pathologic findings but will 
not differentiate between an active or inactive process. 
Technetium venous scanning shows the anatomy of the 
thrombus with a high degree of acceptability, provided 
that the blood flow has access to the thrombus site. Imag- 
ing of uptake is possible, and images can be recorded and 
reproduced by Polaroid photography. Immediate results 
are available, which makes this test suitable for emer- 
gency diagnosis. Moreover, concomitant lung scan can be 
performed without the need of additional isotope injec- 
tion. The procedure is simple and less technical skill is re- 
quired than for phlebography. The test is based on the ob- 
servation that the large technetium macroaggregates of 
albumin are entrapped by the clot, resulting in high iso- 
tope concentration at thrombosis sites. Although elec- 
trostatic force interaction could be involved in this phe- 
nomenon, its exact nature has not yet been determined." 
Strict adherence to the presented technique in the prepa- 
ration of the albumin aggregates is essential. It is possible 
that discordant results of some authors are due to differ- 
ences in either pH or osmolarity during the process of 
preparation of the technetium Te 99m albumin aggre- 
gated.'* 

Any site with endothelial damage may entrap tech- 
netium Tc 99m albumin aggregated, so that false-positive 
results may occur in absence of any thrombosis.” Injection 
in a lower extremity vein is necessary for this test. Con- 
sequently, absence of suitable superficial lower extremity * 
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Fig 3.—Technetium venous scan: abnormal results. Isotope en- 
trapment (white spots on dark field) at both iliac veins and right fe- 
morotibial veins and minimal uptake at upper third of left calf veins. 


veins may preclude the performance of a venous scan. 

A critical evaluation of the technetium venous scan as a 
method of diagnosis indicates that it may be performed in 
the following circumstances: (1) as an initial test for 
screening of large in-hospital or ambulatory patient popu- 
lations; (2) for simultaneous evaluation of pulmonary em- 
bolism and venous thrombosis; (3) when phlebography is 
contraindicated or impractical; (4) when simultaneous 
evaluation of lower extremity veins and the iliocaval sys- 
tem is desired. 


'*°|.Fibrinogen Uptake Test 


This test was 100% sensitive in differentiating active re- 
cent thrombosis from long-standing venous obstruction 
and absent venous disease. It does not require injecting 
into the lower extremity veins, and a relatively unso- 
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phisticated technique is required for isotope counting. No 
allergic nor septic reactions have been reported. Because 
of the long half-life of **°I-fibrinogen, serial testing is pos- 
sible and the effects of prophylactic and therapeutic mea- 
sures can be monitored by observing whether the counts 
at the original site of thrombosis increase or decrease. 

Use of the fibrinogen uptake test has been associ- 
ated with hepatitis when homologous fibrinogen was em- 
ployed.’ Consequently, only autologous fibrinogen was 
used in our laboratory. This implied individual isolation 
and labeling of fibrinogen for each patient, with a con- 
sequent increase in expense. I emits only soft (weak) ra- 
diation (photons in the 27 to 35 kev range), thus imaging 
is not practical and point-uptake counting has to be per- 
formed with a scaler requiring further calculations and 
graphic representation. Rate meters may obviate this dif- 
ficulty but result in less exact measurements.” Suitable 
collimation may be difficult to obtain. If the field of uptake 
is too limited, chances of missing minor thrombi increase. 
Even counting 16 positions in each lower extremity does 
not preclude missing some thrombi. Conversely, if the 
field of uptake is greater, reliability at the level of the up- 
per part of the thigh becomes diminished, due to dilution 
of the signal by tissue background and the proximity of 
the urinary bladder and the intestine, which may have ra- 
dioactive contents. 

Criteria of abnormal results in the fibrinogen uptake 
test have been objects of discussion.'* At the present time 
we no longer accept as an abnormal result an increased 
uptake at one position with respect to a symmetric posi- 
tion in the opposite leg or to adjacent positions in the 
same leg because, according to earlier findings, only a se- 
rial increase of uptake in successive tests at the same posi- 
tion correlates with the presence of active phlebitis.’ 

We believe the present indications for the fibrinogen 
uptake test include the following: (1) temporary surveil- 
lance of patients with a predisposition to the development 
of venous thrombosis, especially high-risk patients in 
whom such a thrombosis would present unusual vital haz- 
ards; (2) differential diagnosis between active and inactive 
phlebitis in patients with nonconclusive clinical findings 
and abnormal phlebography or an abnormal venous scan, 
due to previous venous disease; (3) serial observation for 
detection of proximal propagation of thrombosis, indicat- 
ing uncontrolled disease and thus suggesting the neces- 
sity for therapeutic changes; (4) as a research tool to study 
the natural history of venous thrombotic disease and to 
evaluate the efficacy of prophylactic or therapeutic mea- 
sures; (5) technical impossibility to perform phlebography 
or venous scanning, such as the absence of suitable super- 
ficial veins in the lower extremities for injection. 

Our results with patients having equivoeal clinical diag- 
noses indicate that potential candidates for anti- 
coagulation can be reduced to less than half if only those 
with abnormal fibrinogen uptake test results are consid- 
ered. However, immediate anticoagulation for all those 
patients does not appear to be indicated, because the test 
is so sensitive that it detects even those incidents of min- 
imal thrombosis that are associated with negligible risk 
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i regress spontaneously without further treatment.” Fur- 
thermore, indiscriminate anticoagulation is often hazard- 
= ous for patients representing unusual high risks for anti- 
coagulation. Since technetium venous scanning is less 
3 __ sensitive, some patients with abnormal fibrinogen uptake 
— test results had normal scan results in our series. Further- 
A - more, all patients with both abnormal fibrinogen uptake 
a _ test and technetium venous scan results had major throm- 
= bophlebitis confirmed by phlebography or further clinical 
~ evaluation. Consequently, the triad of equivocal clinical 
; findings, abnormal fibrinogen uptake test results, and ab- 
~ normal technetium venous scan results represents a high 
A _ risk of major active thrombophlebitis. We recommend im- 
= mediate anticoagulation in such cases, without waiting 
A for the development of additional clinical signs. All other 
patients with abnormal fibrinogen uptake test results 
should be subjected to further observation and isotope 
testing until frankly declining fibrinogen uptake test re- 
sults suggest lysis of the clots. 
_ Evaluation of the relative merits of the fibrinogen up- 
E ke test and technetium venous scanning shows that 
they react to different facets of the venous thrombotic dis- 
ease and, consequently, they complement each other. Be- 
i ause both of these methods are quite reliable with less 
i E iscomfort to the patient, radiographic phlebography is 
-less frequently performed than in the past. Phlebography 
a is a very reliable method to detect any thrombosis of clini- 
eal importance and is the method of choice in patients 
E with aetive superficial thrombophlebitis to detect exten- 


= sion to the deep venous system.” 
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| Discussion 


Jonn E. Connouty, MD, Irvine, Calif: I would like to congratu- 
late Dr. Pollak on a very provocative paper. We, too, have been in- 
terested in trying to detect deep venous thrombosis in surgical pa- 
tients. We believe that the most useful techniques have been a 
combination of bilateral impedance rheography and the fibrino- 
gen uptake test mentioned today. If the results of either of these 
tests are suspicious, phlebography is employed for accurate as- 
sessment. | 

We also like the '*I-fibrinogen uptake test because we can study 
patients with it prospectively and serially. It is an excellent 
method to detect deep venous thrombosis in the calf and, as the 
authors pointed out, it does not require injection into the lower ex- 
tremities. The impedance rheography complements the fibrinogen 
test because it is effective in detecting venous thrombosis in the 
thigh. 

We have not had any experience with the technetium venous 
scanning technique described by the authors. While it appears to 
be accurate and simpler to perform than ascending phlebography, 
it does require injection into the foot in the same manner as 
phlebography. 

On the other hand, we believe that ascending phlebography still 
provides the best definition of extent of clots. I should think that 
the technetium venous scan might be best employed in preference 
to phlebography when the patient is either allergic to dye or can- 
not be moved to the x-ray department. The authors continuing ex- 
perience with this technique should provide a basis for establish- 
ing its ultimate place as a method for detecting deep venous 
thrombosis. 

Dr. PoLLAK: We, too, believe in the value of electric impedance 
blood flow studies, especially in obstructing venous thrombosis at 
the femoral segment. Furthermore, electric impedance determi- 
nations can be performed in pregnant women where radionuclide 
or radiographic methods may be contraindicated. 

As you can see, our present armamentarium includes several 


fine methods for detection of venous thrombosis. Furthermore, the” 


'*°|-fibrinogen uptake test also provides a method for detecting ac- 
tive fibrin deposit at such clots. What we need now is a procedure 
to determine which one of these active thromboses will actually 
lead to the production of lethal pulmonary embolism. Such a 
method would make possible the institution of prophylactic mea- 
sures before an embolism actually occurs. The search for suck a 
procedure is included in our future research at the Department of 
Surgery of the University of California at Davis. é 
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Management of Parathyroid Glands in 
Surgery for Medullary Thyroid Carcinoma 


Melvin A. Block, MD; Charles E. Jackson, MD; Armen H. Tashjian, Jr., MD 


Of 13 patients treated surgically for familial medullary thyroid car- 
cinoma in whom parathyroid tissue was available, the majority 
showed parathyroid abnormalities (hyperplasia in six, tumors in 
five). Two patients had had renal calculi. No correlation was evident 
between the presence of the parathyroid tumors and peripheral 
blood levels of parathyroid hormone. Hyperparathyroidism is usually 
mild, but occasionally it results in complications of hypercalcemia. 
Hyperparathyroidism has not appeared to date following removal of 
medullary thyroid carcinoma associated with normal-sized but micro- 
scopically hyperplastic parathyroids. Evidence of parathyroid abnor- 
malities has not been recognized in eight patients with sporadic 
medullary carcinoma, making genetic factors dominant in explaining 
the association of parathyroid hyperplasia and this carcinoma. At op- 
eration, parathyroid glands should be evaluated and those that are 
grossly enlarged removed while preserving parathyroid function. 


he need for the development of a policy to determine 
the management of the parathyroid glands at the 
time of operation for medullary thyroid carcinoma is indi- 
cated from the observed high frequency of parathyroid 
disease in such patients. Our experience with patients 
having medullary thyroid carcinoma was reviewed rela- 
tive to this objective. 


PATIENTS 


Members of three kindreds with familial medullary thyroid car- 
cinoma and eight patients in whom operation has been performed 
for the sporadic variety of this carcinoma provided the basis of 
this study. Of a total of 32 patients from the three families with 
evidence of medullary thyroid carcinoma, information concerning 
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the status of the parathyroid glands was available for 19 patients. 


This included assays for serum parathyroid hormone level in 19, 
the morphologic status of the parathyroid glands in 17 (microscop- 


ical studies for 18, gross evaluation for four), preoperative levels of 
serum calcium and phosphorus for 18, and postoperative levels of 
serum calcium and phosphorus for 19. Of eight patients with spo- 
radic medullary thyroid carcinoma, available data included para- 
thyroid glands for microscopical study in two, a gross description 
of parathyroid glands at operation in four, preoperative levels of 
serum calcium and phosphorus for one, postoperative levels of se- 
rum calcium and phosphorus for all eight, and postoperative levels 
of serum parathyroid hormone for three. 

Determinations of serum calcitonin concentrations were made 
by a radioimmunoassay method.’ Immunoreactive parathyroid 
hormone in serum was measured by cross-reaction in a radio- 
immunoassay procedure that is homologous for the entire 84 
amino acid peptide of the bovine parathyroid hormone.** The least 
amount of parathyroid hormone detected by the assay is 0.15 
ng/ml, with the normal range being less than 0.15 to 0.60 ng/ml. 
Approximately 35% of normal patients have values less than 0.15 
ng/ml. Multiple (two to seven) determinations of serum parathy- 
roid hormone levels were made for each patient studied. Periph- 
eral blood was used for all determinations of levels of serum cal- 
cium, phosphorus, parathyroid hormone, and calcitonin. 


RESULTS 


Of the 19 patients from three families treated surgically 
for medullary thyroid carcinoma, parathyroid tissue was 
available for microscopical study in 13 (Table). Of these, 
six were considered to show evidence microscopically of 
hyperplasia in the absence of definite gross enlargement 
(Fig 1). The parathyroid hyperplasia was mild in all but 
one of these patients and consisted mainly of a relative in- 
crease of parenchymal cells and decreased fat cells. For 
each of five patients from two different families, definite 
adenomatous enlargement of a single parathyroid gland 
was found, the smallest of these weighing 200 mg (Fig 2). 
For two of the latter patients, a second normal-sized para- 
thyroid gland was removed; in one case this gland was hy- 
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perplastic and in the other it was normal on microscopical 
study. Two of the patients with parathyroid tumors were 
mother and daughter (patients 2 and 7 in the Table). For 
four patients, parathyroid glands were identified at oper- 
ation and considered normal in appearance but biopsy 
specimens were not taken. In those instances in which two 
parathyroid glands from the same patient were available 
for study, the second parathyroid gland appeared normal 
histologically in three patients. There was no evident rela- 
tionship between parathyroid changes and the age of the 
patient or known duration of medullary thyroid carci- 
noma. 

Of the patients with familial medullary thyroid carci- 
noma, only six had slightly elevated levels preoperatively 
of serum calcium (Table). A single parathyroid tumor was 
removed from four of these patients, following which se- 


rum calcium levels have remained normal for periods of 
one to three years. Serum phosphorus levels were normal 
for all but five patients, four of these latter patients hav- 
ing a parathyroid tumor. In fact, a preoperative serum 
phosphorus determination had been made for four of the 
five patients with parathyroid tumors and it was below 
the normal level in all four. 

Two patients with familial medullary thyroid carcinoma 
had evidence of complications of hypercalcemia (patients 
5 and 19 in the Table). Both patients had renal calculi, one 
patient having required operative treatment. The diffi- 
culty with renal calculi preceded the recognition of medul- 
lary thyroid carcinoma for each patient. Both were found 
to have a single parathyroid tumor at operation. 

A definite elevation of the basal level of serum parathy- 
roid hormone was not found for any patient with abnor- 


Fig 1.—Left, Patient 3 of family 1. Normal-sized parathyroid showing nodular hyperplasia (hematoxylin-eosin, X 32). Right, Patient 11 of 
family 1. Normal-sized parathyroid, with adjacent thyroid, showing mild diffuse chief cell hyperplasia (hematoxylin-eosin x 28). 
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Fig 2.—Patient 1 of family 1. (Top, Bilateral medullary thyroid car- 
cinoma and associated parathyroid tumor (arrow). Bottom, Para- 
thyroid tumor showing nodular hyperplasia (hematoxylin-eosin, 
x 13). 
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mal parathyroids (Table). In two patients (patient 11, hav- 
ing a hyperplastic parathyroid; patient 4, having two 
normal parathyroids) a single determination was elevated 
out of a total of six and seven determinations, respec- 
tively, done prior to removal of parathyroid tissue. How- 
ever, for two patients the level of serum parathyroid hor- 
mone was determined only after removal of a single 
parathyroid tumor and total parathyroidectomy. In one 
patient, levels of serum parathyroid hormone and serum 
calcium were persistently elevated preoperatively, but 
parathyroid glands were grossly normal at operation. 
Even though none of the parathyroid glands were re- 
moved for this patient, the serum calcium and parathyroid 
hormone levels have returned to normal postoperatively 
(patient 13 in the Table). Serum parathyroid hormone lev- 
els monitored at varying intervals during the year follow- 
ing total thyroidectomy have remained within normal 
boundaries for all of 14 patients studied. 

Three family members never showing evidence of med- 
ullary thyroid carcinoma have been found to have elevated 
levels of serum parathyroid hormone despite normal levels 
of serum calcitonin after provocative tests. One member 
of the second family, aged 36, has been found to have mild 
hypercalcemia (serum calcium level, 10.7 mg/100 ml) and 
elevated levels of serum parathyroid hormone (0.99 to 5.6 
ng/ml; normal, less than 0.60 ng/ml). However, his serum 
calcitonin level remains within normal limits even after 
calcium and pentagastrin stimulation. This patient’s 
mother required a total thyroidectomy and bilateral cervi- 
cal lymph node dissection for bilateral medullary thyroid 
carcinoma. However, her serum calcium levels have al- 
ways been normal, a parathyroid gland removed at oper- 
ation was considered to be normal microscopically, and her 
serum parathyroid hormone level postoperatively remains 
normal. Another member of the first family, as well as an- 
other member of the third family, were found also to have 
elevated levels of serum parathyroid hormone in the ab- 
sence of elevated serum calcitonin concentrations. 

Of the patients operated on for familial medullary thy- 
roid carcinoma, none have shown evidence postoperatively 
of hyperparathyroidism. None have developed elevated 
levels of serum calcium or of parathyroid hormone, includ- 
ing those found to have parathyroid tumors or hyperplasia 
at the time of operation. These studies have extended 
from one to eight years postoperatively. One patient has 
died from pancreatic carcinoma, no evidence of residual 
medullary thyroid carcinoma or abnormal parathyroid 
glands being found at the postmortem examination. 

Of the eight patients with evidence of the sporadic vari- 
ety of medullary thyroid carcinoma, none have shown hy- 
percalcemia postoperatively for periods varying from 7 io. 
11 years. The one patient studied preoperatively had a 
normal serum calcium level. One did pass renal caleuli 
prior to his thyroid operation, but his preoperative serum 
calcium and phosphorus levels were normal. None of the 
parathyroid glands available for evaluation showed gross 
or microscopical abnormalities. ° 

Of three patients for whom operation had been per- 
formed previously for sporadic (nonfamilial) medullary 
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thyroid carcinoma, the serum parathyroid hormone level 
was normal. Hyperparathyroidism has not been recog- 
nized in any of the eight patients with the sporadic form 
of this carcinoma. 


Surgical Significance 


Eradication of the carcinoma is, of course, the primary 
objective in surgery for medullary thyroid carcinoma. To- 
tal thyroidectomy i is required, particularly in the familial 
variety, since both lobes of the thyroid are uniformly i in- 
volved. This policy i is followed even when the carcinoma is 
minute or microscopic, the diagnosis having been estab- 
lished by the finding of elevated levels of serum calcitonin. 
Multiple foci of carcinoma or scattered areas of C-cell hy- 
perplasia throughout the thyroid also justify total thyroid- 
ectomy.*” Preservation of even a small rim of thyroid tis- 
sue postoperatively has resulted in recurrent carcinoma 
later.’ 

In performing total thyroidectomy for medullary thy- 
roid carcinoma, the surgeon must strive not only to iden- 
tify and remove parathyroid tumors but also to preserve 
parathyroid function. Our experience indicates that: 

1. Mild hyperplasia of one or more parathyroid glands is 
common in patients with familial medullary thyroid carci- 
noma. Grossly enlarged parathyroid glands are less com- 
mon in such patients. However, if a parathyroid tumor is 
present in one member of a kindred with familial medul- 
lary thyroid carcinoma, other members of this family are 
likely to have enlarged parathyroid glands. 

2. Abnormalities of parathyroid glands are rare in spo- 
radic medullary thyroid carcinoma and pose no particular 
problem. 

3. Although hyperparathyroidism associated with fa- 
milial medullary thyroid carcinoma is usually mild, signif- 
icant complications of hypercalcemia can occur in a few 
patients. Therefore, patients should be screened preopera- 


_tively for hypercalcemia and hypophosphatemia, as well as 


for complications of such abnormalities. In all patients the 
parathyroid glands are evaluated at operation with re- 
moval of those that are grossly enlarged. Subtotal para- 
thyroidectomy is selected for cases with enlargement of 
multiple parathyroid glands. However, this situation ap- 
pears to be uncommon, a single enlarged parathyroid tu- 
mor being found in most such patients. 

4. Parathyroid tumors associated with familial medul- 

lary thyroid carcinoma are frequently unassociated with 
persistent hypercalcemia, or complications of hyper- 
caleemia. However, if renal calculi, persistent hyper- 
calcemia, or hyperphosphatemia are found, the presence of 
one or more parathyroid tumors can be expected. 
e 5. Although hyperplasia is present in normal-sized para- 
thyroid glands associated with familial medullary thyroid 
carcinoma, at this time clinical evidence of hyperparathy- 
roidism has not been a late occurrence following removal 
of the medullary thyroid carcinoma. 

6. Since hyperparathyroidism is not a constant occur- 
reace, and is usually mild when present, the preservation 
of parathyroid function takes precedence over an exhaus- 
tive dissection for parathyroid glands in operations for 
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evidence of hyperparathyroidism. The procedure of total — 
thyroidectomy alone puts the parathyroid glands in jeop- 
ardy. Parathyroid glands can be marked by a suture for 
identification if needed later. 
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Techniques for detection of elevated levels of serum aag i 


citonin due to medullary thyroid carcinoma are improving 2 
in sensitivity. Pentagastrin as a provocative agent is 
simple to use and in some patients may be more potent © 


than calcium as a calcitonin secretagogue.' The pentagas- E 


trin test is rapid, blood specimens being taken at two, 


A 


by 
five, and ten minutes after the intravenous adminis- i 


tration of 0.5ug/kg over 90 seconds. 


Relation of Hyperparathyroidism to 
Medullary Thyroid Carcinoma 


a 


a 
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It is logical to explain parathyroid hyperplasia associ- a 


ated with medullary thyroid carcinoma as a result of the 
action of calcitonin. The hypocalcemic effects of calcitonin 
can be expected to be a stimulus for the parathyroid 
glands. Deftos and Parthemore® report evidence that in 
some patients with medullary thyroid carcinoma, an ele- 
vation of serum calcitonin induced by hypercalcemia re- 
sults in an increased parathyroid hormone secretion. The 
frequency of C-cell hyperplasia in the thyroid gland of pa- 
tients with hyperparathyroidism supports a reciprocal re- 
lationship between these glands.’ The high incidence of 


hyperplasia evident in microscopical study of multiple — : 
normal-sized parathyroid glands in patients with familial 
medullary thyroid carcinoma may be the result of calcito- 


nin effects. However, only a few of these patients show 


objective evidence of hyperparathyroidism. Other factors — 


may determine which patients develop actual parathyroid 
tumor formation, persistent hypercalcemia, and the com- 
plications of hypercalcemia. It is difficult to find evidence 
to attribute this only to calcitonin effects. 

That genetic factors have a dominant role in the occur- 
rence of hyperparathyroidism associated with medullary 
thyroid carcinoma is supported by several observations. 
Thus, three members from the kindreds of familial medul- 
lary thyroid carcinoma have elevated levels of serum para- 


thyroid hormone in the absence of stimulated elevation of — 
serum calcitonin as tested repeatedly. Others have re- — 


ported similar observations.*'’ In a few patients with both 


sporadic and familial medullary thyroid carcinoma, the ie 
complications of hyperparathyroidism dominate the clini- Ss 
cal picture of the thyroid lesion.""? However, although hy- 


perplasia of parathyroid glands is common in familial 
medullary thyroid carcinoma, it is rare in the sporadic va- 
riety of this carcinoma. The association of parathyroid 
tumors and complications of persistent hypercalcemia 


seems to occur in only certain families with this variety of H | 
medullary thyroid carcinoma. Just as pheochromocytomas — F 


occur in only some families with medullary thyroid carci 


noma, hyperparathyroidism appears to occur in only some E 


families with this disease. Furthermore, the production of 


a hypocalcemic principle from the porcine adrenal me- 


dulla, as well as correction of hypercalcemia by removal 
of an adrenal pheochromocytoma (familial), have been 
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recorded. The association of a pheochromocytoma and 
~ parathyroid tumor has been recorded, but must be rare.’ 
Lindsay and Nichols” could find no significant relation- 
_ ship between the thyroid and parathyroid lesions in rats 
having a high incidence of naturally occurring medullary 
3 thyroid carcinoma and parathyroid hyperplasia. 
-Although hyperplasia of multiple parathyroid glands is 
commonly present in patients with familial medullary 
= thyroid carcinoma, clinical hyperparathyroidism is usu- 
ally, but not always, due to a single large parathyroid tu- 
_ mor. This differs from clinical hyperparathyroidism associ- 
ated with the stimulus of chronic renal insufficiency in 
= which multiple parathyroid glands are usually, although 
not always, enlarged and causative."* 


COMMENT 


The high incidence of hyperplasia of the parathyroid 
glands in familial medullary thyroid carcinoma, but the 
= poor correlation of these findings with levels in the periph- 
_ eral blood of parathyroid hormone and calcium, have been 
noted by others.**"°"°° A reduction of serum parathyroid 
eS hormone following thyroidectomy has been observed." 
aa Whether this reduction is due to excision of the thyroid 
and the medullary carcinoma or to removal of parathyroid 
tissue is not evident and our data do not clarify this point. 
_ Although Pearson and associates” found levels of serum 
_ parathyroid hormones to be normal usually, elevation of 
this hormone in the blood from the inferior thyroid veins 
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_ was uniformly present in patients with medullary thyroid 
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carcinoma. Although the elevated concentration in thyroid 
veins was not great for some patients, this observation 
correlates better with other findings indicating a preva- 
lence of parathyroid hyperplasia in these patients. 

Although Melvin and associates? found serum phos- 
phorus levels to be normal in all patients with medullary 
thyroid carcinoma, we noted low serum phosphorus levels 
in those patients with parathyroid tumors for whom this 
determination was made. Heynen and Franchimont” sug- 
gest from their observations on serum concentrations of a 
variety of serum constituents a close relationship between 
serum calcitonin and phosphate. 

Most certainly, evidence does not support the policy of 
routine subtotal parathyroidectomy for patients with 
medullary thyroid carcinoma. The operative procedure 
should be individualized on the basis of preoperative and 
operative findings.” Periodic determinations of levels of 
serum calcium and phosphorus should be continued indefi- 
nitely, particularly in patients treated for the familial va- 
riety of medullary thyroid carcinoma. 


This investigation was supported in part by Public Health Service re- 
search grants AM-14876 and AM-10206. 
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Discussion 


Rosert C. Hickey, MD, Houston: My remarks are going to be an 
expansion, and generally will be of an affirmatory nature, on the 
presentation. 

By way of background, at the Anderson Hospital we have had 
92 registered patients with medullary carcinoma of the thyroid, 
and of this number, 13 were the familial variety, also in three 
families. Of these familial patients, we have had nine with 
pheochromocytomas and two with parathyroid adenomas. We 
have had no sequels, as has been commented on, as a consequence 
of possible hypercalcemia. 

I would like to comment on the two patients who did have para- 
thyroid adenomas. The first of these was a woman of middle years 
who died as a consequence of her pheochromocytoma. She had had 
a total thyroidectomy nine years ante mortem, and at the time of 
the postmortem examination, there was no local neoplastic tissue 
nor evidence of any residual thyroid tissue, but she did have, after 
nine years, 2 parathyroid adenoma. We have no data with respect 
to calcitonin or calcium determination on this patient. 

The second patient, also of the familial variety, has been stud- 
ied in some depth. This woman was 40 years of age. The medullary 
carcinoma localized. This was identified as being a consequence of 
the biological marker, calcitonin. At the time of operation, the 
parathyroid adenoma was uncovered. The preoperative calcium 
levels were 10.7 and 11.1 mg/100 ml. We have not noted the sys- 
tem changes described in Dr. Block’s patients. 

This patient also had five left-sided adjacent pheochromocy- 
tomas. They were confluent at the time of operative extirpation. 
She had had a prior right-sided pheochromocytoma. 

We believe that the relationship herein described is more of a 
genetic nature, rather than having a relationship of the two hor- 
mones, that is, the calcitonin and the parathyroid hormones. The 
pheochromocytomas are hormonally active! 

MEREDITH P. Situ, MD, Seattle: I will limit my remarks to a 
few ideas on total thyroidectomy from a paper we did a few years 
ago. 

First, the virulence of medullary carcinoma of the thyroid 
seems to be more akin to the papillary cancer than it does to the 
rapidly fatal, diffuse type of thyroid cancer. Patients are reported 
to live normally for years with indolent, metastatic lesions in the 
lung, chest, and liver. Therefore, the side-effects of the operation 
must be measured against the future course of the disease. 

The chief side-effect of the operation could be hypoparathyroid- 
ism. The future course of the disease could be hyperparathyroidism. 
The multicentricity of the tumor seems to dictate a total or near- 
total thyroidectomy. If the total thyroidectomy is as complete as 
was recommended for all thyroid cancers for a number of years, 
the incidence of hypoparathyroidism will be high, perhaps occur- 
ring in a third or more of cases. For papillary carcinoma, this has 
led over the years to the development of the near-total thyroidec- 
tomy, although it is often referred to as a total thyroidectomy. 

From studies done in the past, latent hypoparathyroidism or 
lack of parathyroid reserve exists in many totally thyroidecto- 
mized patients. Although this phenomenon can be measured, it is 
rarely significant clinically. Theoretically, a patient could be pe- 

endlized in a stressful pregnancy or a severe infection if one had a 
limited parathyroid reserve. 

Clinical hypoparathyroid patients can be difficult to manage. 
They may require more visits to the physician than the diabetic. 
The difference in dosage of vitamin D, and especially ergocalcifer- 
ol, between intoxication with too high a serum calcium level and 
symtoms of hypocalcemia in some patients is minimal. Perhaps 
1.25 mg of ergocalciferol is not enough, and 2.50 mg is too much. 
Copsequently, at this time, I certainly agree with Dr. Block that 
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the evidence does not support a policy of routine subtotal parathy- 
roidectomy in patients with medullary thyroid carcinoma. Of 
course, enlarged glands should be removed. 

Norman W. THompson, MD, Ann Arbor, Mich: I would like to 
join in congratulating Dr. Block and his colleagues for a signifi- 
cant contribution to our understanding of the function and mor- 
phology of the parathyroid glands in patients with medullary car- 
cinoma alone or with the fully expressed Sipple syndrome. 

The interest in this disease, as I am sure most of you know, has 
been intense in the last decade. In fact, by 1972 the number of ar- 
ticles (over 300) exceeded the number of patients that had been re- 
ported. The documented incidence of hypercalcemic parathyroid 
disease in patients with medullary carcinoma of the thyroid gland 
was very limited at that time, however, as only 14 well-doeu- 
mented cases had been described. 

In 1978, Keiser’s group at the National Institutes of Health re- 
ported a kindred with 25 patients with medullary carcinoma, 16 of 
whom had parathyroid disease, and their conclusions were very 
similar to those Dr. Block presented today. They did see a number 
of patients with hyperplastic glands without hypercalcemia. 

In our own experience, we, too, have removed enlarged parathy- 
roid glands in patients who were normocalcemic. In one such pa- 
tient, there was demonstrated hyperplasia, but at no time in the 
course of her disease was hypercalcemia noted. 

We have studied 31 patients with medullary carcinoma, only 
three of whom were hypercalcemic. 

One of 22 patients in the so-called sporadic group, a term I use 
loosely because the familial incidence of this disease is not really 
determined until patients and their families have been observed 
for many years, developed hypercalcemia. 

Many of our reported so-called sporadic patients subsequently 
develop other findings of the Sipple syndrome some years later, so 
it is really hard to classify these patients unless they initially 
come from a family. Then they may be reclassified. Two of our hy- 
percalcemic patients fall into the familial group. 

The first patient was in the sporadic group, and had multiple re- 
currences of his medullary carcinoma. His serum calcium level 
ranged from 10.8 to 11.2 mg/100 ml throughout the course of his 
fatal disease. His autopsy showed normal-sized parathyroid 
glands but with evidence of hyperplasia microscopically. 

The second patient was a recent one who was first admitted 
with very advanced metastatic disease and a serum calcium level 
of 11.8 to 12 mg/100 ml. He subsequently died, and autopsy re- 
vealed four enlarged hyperplastic parathyroid glands. 

The third patient is probably of most interest and differs from 
the experience of Dr. Block. This woman was 26 years of age in 
1940 when a thyroid nodule was noted, but she refused a recom- 
mended operation. At age 34, in 1948, a subtotal thyroidectomy 
was done and a diagnosis of thyroid carcinoma was made. Her op- 
eration was followed by cervical radiation therapy and she did 
well for 20 years afterward. The she became hypertensive. A diag- 
nosis of pheochromocytoma was subsequently made, and she un- 
derwent bilateral adrenalectomy. Review of her thyroid slides was 
then interpreted as medullary carcinoma. After that operation she 
became hypercalcemic. In 1972, 3% parathyroid glands were re- 
moved for persistent hypercalcemia. A parathyroid adenoma was 
found in one gland and the other three were normal microscopi- 
cally. 

We conclude just as Dr. Block did, that significant hyper- 
calcemia is unusual even though hyperplastic parathyroid glands 
are common. I believe, however, that these parathyroid changes 
may well be secondary. If one accepts the APUD cell concept of 
Pearse (that cells of various neoplasms in the syndrome have a 
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f Eg rec ursor uptake and decarboxylation) for this disease, primary 
E. i sarathyroid changes are difficult to explain. = 
It is interesting that there have been two hypercalcemic pa- 
A s tents reported who improved after adrenalectomy for pheochro- 
-~ mocytoma. There have also been two patients who first became 
heels following adrenalectomy. 
The adrenals may produce something i in the Sipple syndrome 
that can cause secondary change in the parathyroid glands. Cal- 
k - _citonin may not be the only factor involved. 
q -] wonder what the incidence of adrenal disease was in Dr. 
Mig i ‘Block’s series. Long-term follow-up is penalty necessary in this 
group of patients. 
= Dr. Bock: I want to express our appreciation to Drs. Hickey, 
_ Smith, and Thompson for expanding our knowledge and experi- 
= ence with this subject. 
Both Drs. Hickey and Thompson indicated that some patients 
with medullary thyroid carcinoma may develop, at a late date, evi- 
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= asto whether hyperparathyroidism existed in such patients at the 
= time of initial recognition or surgical treatment of the thyroid 
~ earcinoma. 

ER Eradicating the medullary carcinoma of the thyroid may elimi- 
ut- nate one stimulus to the parathyroid glands. However, the sharp 
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_ dence of hyperparathyroidism. The question still exists, however, 


separation peter he familial and the sb spoon ‘dod 
with other evidence, indicates to us that the cause of hyperpara- g 
thyroidism associated with medullary thyroid carcinoma is pre- 
dominantly genetic rather than due to the effects of calcitanin. 

The hyperplasia of the parathyroid glands associated with fa- 
milial medullary thyroid carcinoma appears to be mild. This factor 
may account primarily for the low incidence of clinical manifesta- 
tions of hyperparathyroidism, both early and late. This situation 
may be similar to that in chronic renal disease in that signifi- 
cant hyperparathyroidism is unusual even though the parathyroid 
glands are being stimulated. 

In none of our patients has a relationship been recognized be- 
tween the parathyroid glands and pheochromocytomas. In fact, 
pheochromocytomas have not occurred in members of two of our 
families, although we have searched for the possible presence of 
these neoplasms. 

Medullary carcinoma of the thyroid is an uncommon priae 
There have been comments earlier today concerning the inverse 
relationship between numbers of articles and populations af- 
flicted with certain rare diseases. However, a surgeon who en- 
counters a family with medullary thyroid carcinoma is kept busy. 
Even though a patient shows evidence of the sporadic variety of 
medullary thyroid carcinoma, other members of the family should 
be studied for the possible presence of this disease. 
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Success Rate of Cervical Exploration 
for Hyperparathyroidism 


Richard M. Satava, Jr., MD; Oliver H. Beahrs, MD; Donald A. Scholz, MD 


In a three-year experience with 361 patients who underwent ex- 
ploratory surgery for hyperparathyroidism, the success rate for pri- 
mary cervical operations was 95% and that for secondary operations 
(cervical and mediastinal) was 62%; for all operations, it was 94%. 
The three most important factors in determining successful cervical 
exploration of the parathyroid glands are correct preoperative diag- 
nosis, meticulous surgical technique, and accurate determination of 
abnormal locations of pathologic conditions. Ancillary studies or 
techniques for preoperative localization of parathyroid tissue were 
utilized in only a few patients who had unusually complicated prob- 
lems. The results of this study suggest that, because of cost, time 
involvement, and potential risk, selective venous sampling with ra- 
dioimmunoassay of parathyroid hormone or arteriography or both 
should be reserved for complicated problems and for patients being 
considered for a second or third exploratory operation. 


Ww the increasing use of automated survey tech- 
niques, including routine determinations of serum 
calcium values by multichannel biochemical screening, the 
incidence of hypercalcemia is attaining a new perspective. 
Hypercalcemic patients are being found and studied more 
thoroughly than before with a resultant increase in the 
number ultimately requiring cervical exploration for prob- 
able hyperparathyroidism. Sophisticated techniques, such 
as arteriography and selected venous sampling with para- 
thyroid hormone assay, are being advocated for local- 
ization of parathyroid lesions when the diagnosis has been 
fairly well established after a thorough medical eval- 
uation. The purpose of this study is to evaluate a recent 
three-year experience (1970 through 1972) in patients un- 
dergoing cervical and mediastinal exploratory operations 
for parathyroid disease, in most cases without the use of 
specialized diagnostic techniques or localizing procedures. 
Success depended on expert knowledge of anatomy, pa- 
thology, and surgical techniques. 


PATIENTS AND METHODS 


Three hundred sixty-one patients underwent surgical proce- 
dures for hyperparathyroidism at the Mayo Clinic from 1970 
through 1972. Most of them had been thoroughly evaluated before 
the operation according to a standard protocol in the Hyperpara- 
thyroid Clinic of the Mayo Clinic to exclude other causes of hyper- 
calcemia and were considered clinically to have hyperparathy- 
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roidism justifying surgical exploration. The patients were divided 


into two groups: (1) 327 patients who were to undergo their first or 
primary cervical exploration for hyperparathyroidism and (2) 34 
patients who had undergone previous cervical exploration at this 
clinic or elsewhere and were to undergo reoperation (secondary 
operation). This latter group included eight patients who had un- 
dergone mediastinal exploration after unsuccessful cervical explo- 
ration. Some of these cases have been reported previously.’ Also 
included in this second group were six patients from the group 
having their primary operation for hyperparathyroidism at the 
Mayo Clinic. 

The proportion of female to male patients was about 2:1 
(217:110) in the first group as well as in the second group (21:18). 
The mean age of all female patients was 56 years, with a range 
from 12 to 84 years; that of the male patients was 51 years, with a 
range of 13 to 82 years. 

In the first group (327 patients), special diagnostic procedures 
were utilized for preoperative localization of parathyroid tissue in 
only one patient. Exploration was carried out by experienced para- 
thyroid surgeons using anatomic dissection and knowledge of 
gross anatomy for identification of normal or abnormal parathy- 
roid tissue. Parathyroid pathologic findings were revealed in 307 
of the 327 (94%) patients and the lesions were removed totally, ex- 
cept in those patients with multiple gland enlargement. In the pa- 
tients with multiple gland enlargement, the extent of parathy- 
roidectomy depended on the number of glands identified, the 
surgeon endeavoring, when possible, to remove three glands and 
all but 35 to 40 mg of the fourth gland. All but four of the 307 pa- 
tients became normocalcemic after the operation. On reexplora- 
tion, one patient was found to have a second adenoma in a fifth 
gland in the mediastinum. Of the 20 patients in whom no lesion 
was demonstrated, nine became normocalcemic after the surgical 
procedure. Presumably, pathologic tissue was removed that was 
not recognized or, possibly, the blood supply to abnormal! para- 
thyroid tissue was impaired, resulting in necrosis of hyper- 
functioning tissue. Eleven of the 20 patients without demon- 
strable pathologic conditions remained hypercalcemic. Thus, of 
the 327 patients in the primary group, only 15 (5%) remained hy- 
percalcemic after the first operation. Of these 15 patients, nine re- 
fused a second surgical procedure while six underwent a second 
procedure. In five of the six patients, a pathologie condition was 
found and the patients became normocalcemic. In one patient, 
reexploration was negative and the hypercalcemia persisted. 
Thus, 14 of 20 patients with negative primary cervical explora- 
tions ultimately became normocalcemic after one or more oper- 
ations. 


RESULTS 


The diagnosis in the 307 patients in the first group in 
whom lesions were found was adenoma in 277 and mul- 
tiple gland enlargement in 30. The cell types in the 277 pa- 
tients with adenomas were classified as chief cell in 240, 
mixed cell in 30, and oxyphilic cell in seven. In 28 of the 30 
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| Table 1.—Sécondary Operation in 34 Patients 


After Secondary 
Operation 




















No. of Normo- Hyper- 
Operation Patients calcemic  caicemic 
Cervical 25 
Primary (Mayo Clinic) 5 1 4 
Primary (elsewhere) 20 15 5 
Mediastinal 5 
Primary (Mayo Clinic) 4 4 0 
Primary (elsewhere) 1 1 0 
Combined cervical and 
mediastinal 
(previous operation 
elsewhere) 3 0 3 
Cervical (anephric patient) 
(previous operation 
elsewhere) 1 0 1 


Total 


patients with multiple gland enlargement, the cells were 
of the chief cell type, and two patients had water-clear 
cells (wasserhelle). 

During the three-year study, 34 patients underwent re- 
operation at the Mayo Clinic. Nine of these patients had 
had their first operation at this clinic (three prior to 1970) 
and the remainder had undergone their primary operation 
elsewhere (Table 1). Preoperative selective venous sam- 
pling was performed in one patient with successful local- 
ization of the lesion. In 20 of these 25 patients undergoing 
cervical reexploration, parathyroid pathologic conditions 
were found: adenoma in 14, multiple gland enlargement in 
five, and cancer in one (Table 2). No lesion was found in 
five of 20 patients in whom the primary operation was 
done elsewhere and a secondary cervical operation was 
done at the Mayo Clinic. These patients remained hyper- 
calcemic. Fifteen patients in this group in whom a patho- 
logic condition was found became normocalcemic. Lesions 
were found in each of the five Mayo Clinic patients who 
underwent cervical reexploration, but only the one patient 
in whom an adenoma was found in the fifth gland became 
normocalcemic. Persistent cancer and hyperplasia of the 
remaining parathyroid tissue undoubtedly were respon- 
sible for hypercalcemia in the remaining four patients. 
Therefore, in 16 of 25 patients (64%) pathologic conditions 
were found on reexploration, and serum calcium values in 
these patients returned to normal. In five patients in 
whom no pathologic lesion was found, persistent hyper- 
calcemia was probably due to undiscovered lesions or, pos- 
sibly, to an incorrect preoperative diagnosis. 

In five patients undergoing mediastinal exploration af- 
ter unsuccessful cervical exploration (four at the Mayo 
Clinic), a lesion was found and each patient became nor- 
mocalcemic after the operation. In three patients who had 
one-stage cervical and mediastinal exploration, abnormal 
parathyroid tissue was not found and hypercalcemia per- 
sisted. One anephric patient who underwent reexploration 
remained hypercalcemic even though additional hyper- 
plastic parathyroid tissue was removed. 

Patients in whom no lesion was found on cervical explo- 
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After Secondary 
Operation - 


Hyper- 


calcemic 


No. of 
Patients 


Normo- 
calcemic 


Operation and 
Pathologic Finding 
Primary (Mayo Clinic) 
Multiple gland enlargement 
Cancer 
Adenoma (fifth gland) 


Primary (elsewhere) 
Multiple gland enlargement 
Adenoma 
No parathyroid lesion 


Total 


ration tended to have serum calcium values elevated to the 
high borderline range (10.2 to 10.4 mg/dl), although many 
also had more significant hypercalcemia. The relationship 
between the serum calcium level and the size of the para- 
thyroid lesion has been shown previously by Purnell and 
associates.” 

There were no deaths. The morbidity was minimal in 
20% of the patients (65 of 327 cervical explorations). 
Twenty-eight patients had transient hypocalcemia mani- 
fested by a temporary decrease in serum calcium level and 
a positive Chvostek sign; an additional 12 patients had 
tetany manifested by generalized muscle twitching and a 
positive Trousseau sign. Four of these patients had total 
parathyroidectomy (three had multiple endocrine neo- 
plasia, type 2) and permanent calcium supplements were 
prescribed along with vitamin D for their hypoparathy- 
roidism. Unilateral paralysis of the vocal cords was pres- 
ent in nine patients, but in only one patient did it prove 
permanent. An acute flare-up of gout or pseudogout devel- 
oped in nine patients. Three patients had pneumothorax 
after extensive exploration of the anterior mediastinum 
during cervical exploration. Two patients hemorrhaged 
after the surgical procedure; however, only one required 
reoperation to control the bleeding. Acute pancreatitis 
with subsequent renal failure in one patient resulted in a 
long hospitalization but no permanent disability. One pa- 
tient had a wound infection. 

Exploration most often permits identification and re- 
moval of parathyroid glands and lesions in typical or ab- 
normal locations from the cervical approach. The surgeon 
must be aware of “nooks and crannies” where parathyroid 
glands might be found in addition to the “normal” posi- 
tions in the course of his orderly surgical procedure. On 
primary cervical exploration, 62 adenomas (19%) were 
found in abnormal positions: 43 in the tracheoesophageal 
groove, nine in the anterior mediastinum, four in the in- 
trathymic tissue, four in the intrathyroidal tissue, and two” 
in the aortic arch. The embryology and migrations of para- 
thyroid tissue must be thoroughly understood by the sur- 
geon, and tissue in the tracheoesophageal groove and on 
the prevertebral fascia should be carefully inspected. If 
necessary, thymectomy can be performed from the cervi- 
cal approach in many cases. The musculature of the 
pharynx and esophagus must also be scrutinized. Finally, 
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if a pathologic lesion is not found in the parathyroid 
glands, the thyroid gland can be transected, partially re- 
moved, or totally removed. 


COMMENT 


The preoperative diagnosis must be established as 
firmly as possible so that the surgeon is confident of the 
diagnosis and, in turn, carries out the exploration with 
conviction that the parathyroid glands are diseased. Pur- 
nell and associates? have delineated four treatment cate- 
gories for patients with primary hyperparathyroidism. 
The surgeon should be knowledgeable regarding them. 

It is our opinion that a success rate of 95% on parathy- 
roid exploration at the primary operation would hardly 
seem to make venous sampling or arteriography neces- 
sary, since both add substantial cost to the patient and ar- 
teriography carries a slight risk of morbidity. Never- 
theless, these specialized procedures have been shown to 
be of value. Aurbach and associates‘ showed that selective 
venous catheterization of the thyroid veins with radio- 
immunoassay of samples obtained allowed prediction of 
parathyroid tumor locations in approximately 90% of cases 
due to adenoma. Twenty-two patients, 18 of whom had 
undergone previous unsuccessful parathyroid operations, 
were studied by selective venous sampling plus arteriog- 
raphy. Localization of lesions by venous sampling was suc- 
cessful in 78%; only 36% were defined by arteriography. 
Powell and co-workers? were successful in localizing le- 
sions by venous sampling and were able to determine lat- 
eralization correctly in 21 surgical patients. In patients 
who had previously undergone exploratory surgery, Eisen- 
berg et al' used a combination of arteriography and 
venous hormone assay to provide specific identification of 
pathologic glands in 18 of 20 patients with residual abnor- 
mal parathyroid tissue. Interestingly, 17 of the 20 lesions 
not found on initial exploration were in the neck. Other 
authors’* also have shown the values of these techniques, 
and their use has been outlined by Purnell et al. 

In patients having unsuccessful cervical exploration 
elsewhere for hyperparathyroidism, the cervical reexplo- 
ration success rate by us was 75%. In 16 positive secondary 
cervical explorations, seven adenomas were found in ab- 
normal positions—six in the tracheoesophageal groove in 
the posterior mediastinum and one behind the esophagus 
in the posterior mediastinum. If the primary and second- 
ary groups are combined, then 355 patients underwent 361 
operations. After one or more operations (two in six pa- 
tients) 332 of 355 patients (94%) became normocalcemic. 
This illustrates once again that the most important fac- 
tors determining success of cervical exploration are cor- 
rect, preoperative diagnosis and complete familiarity with 
the embryology, anatomy, pathology, and abnormalities 
of the parathyroid glands by the surgeon carrying out the 
surgical management of hyperparathyroidism.*"™ 


References 


1. Scholz DA, Purnell DC, Woolner LB, et al: Mediastinal hyper- 
functioning parathyroid tumors: Review of 14 cases. Ann Surg 
178:1%8-178, 1973. 


Arch Surg/Vol-110, May 1975 


2. Purnell DC, Smith LH, Scholz DA, et al: Primary hyperpara- 
oe aca A prospective clinical study. Am J Med 50:670-678, 


3. Purnell DC, Scholz DA, Smith LH, et al: Treatment of pri- 
mary hype arathyroidism. Am J Med 56:800-809, 1974. 

4. Aurbach GD, Mallette LE, Patten BM, et al: Hyperparathy- 
roidism: Recent studies. Ann Intern Med 79:566-581, 1973. 

5. Powell D, Shimkin PM, Doppman JL, et al: Primary hyper- 
parathyroidism: Preoperative tumor localization an iffer- 
entiation between adenoma and hyperplasia. N Engl J Med 
286 1169-1175, 1972. 

6. Tannera H, Pallotta J, Sherwood LM: Selective arteriogra- 
phy, venography and venous hormone assay in diagnosis and lo- 
calization of parathyroid lesions. Am J Med 56:810-820, 1974. 

7. Bradley EL III, McGarity WC: Surgical evaluation of para- 
thyroid arteriography. Am J Surg 126:67-73, 1973. 

8. Monchik JM, Nelson TG, Powell DA: Adenoma in a fifth par- 
athyroid gland: The role of selective venous catheterization. Swr- 
gery 73:782-785, 1973. 

9. Cady B: Neck exploration for hyperparathyroidism. Surg 
Clin North Am 53:301-306, 1973. 

10. Clark OH, Taylor S: Persistent and recurrent hyperparathy- 
roidism. Rev Surg 30:299-300, 1973. 

11. Latimer RG: Parathyroid disease: A 15 year experience. Am 
J Surg 123:679-685, 1972. 


Discussion 


MELVIN A. Brock, MD, Detroit: This is a valuable report con- 
cerning a tremendous experience. It sets standards of perform- 
ance for surgery in the treatment of hyperparathyroidism. 

We agree that more sophisticated tests are not required to lo- 
calize abnormal parathyroid glands as a routine procedure prior to 
operation, after the diagnosis of primary hyperparathyroidism 
has been made initially. These special examinations are associated 
with substantial risk and cost. 

Currently there are differences of opinion as to whether or not 
subtotal parathyroidectomy should be done routinely in operations 
for hyperparathyroidism. The answer to this question is deter- 
mined primarily by the incidence of involvement of multiple para- 
thyroid glands in this disease. Some report this incidence to be 
more than 50%. From my interpretation of their data, the fre- 
quency of multiple parathyroid gland involvement found by Dr. 
Beahrs and his associates is between 10% and 15%. In our experi- 
ence, this figure is approximately 20%. At any rate, the success 
rate of 95% achieved by the Mayo Clinic without performing rou- 
tine subtotal parathyroidectomy indicates that, in the average pa- 
tient population, this more radical operative procedure is not nec- 
essary for every patient with primary hyperparathyroidism. 

Our own success rate in operations for primary hyperparathy- 
roidism approximates that reported today, with three of our 117 
patients requiring second operations. Again, this has been accom- 
plished by following a policy of selective subtotal parathyroid- 
ectomy. 

Even though the frequency of multiple gland involvement may 
not be considered sufficient to justify routine subtotal parathy- 
roidectomy, it nevertheless is the most common cause of persist- 
ent hypercalcemia after operation for hyperparathyroidism. This 
factor was responsible for the need of reoperation in three of five 
patients reported by Dr. Beahrs. For this reason, we have estab- 
lished a policy of selecting subtotal parathyroidectomy for five 
high-risk groups for multiple gland involvement: (1) patients in 
whom all four parathyroid glands appear normal in size or slightly 
enlarged at operation; (2) a fifth parathyroid gland is not found, 
the other glands being normal and the diagnosis convincing; (3) 
most patients with evidence of multiple endocrine neoplasia with 
associated hyperparathyroidism; (4) patients with familial hyper- 
parathyroidism; and (5) patients with chronic renal insufficiency 
with hyperparathyroidism requiring operation. I would like to ask 
Dr. Beahrs if he considers this to be a reasonable approach. 
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Of interest in the report by Dr. Beahrs is a group of patients 
who became normocalcemic even though no abnormalities in para- 
thyroid glands evidently were recognized. We have observed also 
a return to normal serum calcium levels after operations on the 
parathyroid glands in patients for whom the pathologist does not 
find microscopic abnormalities by the usual techniques of exami- 
nation of parathyroid glands removed at operation. We have 
found a discrepancy between weights of parathyroid glands re- 
moved and the microscopic findings, ie, a parathyroid gland may 
weigh considerably more than a normal gland and yet the patholo- 
gist is unable to find definite microscopic abnormalities in it. 
Therefore, we routinely weigh parathyroid glands immediately 
after their removal and find that this has provided help in corre- 
lating operative and clinical findings in some of these problem 
cases. I would like to ask Dr. Beahrs if he and his associates have 
had a similar experience in a discrepancy between microscopic 
and gross findings of parathyroid glands removed. 

GEORGE Hicerns, JR., MD, Washington, DC: This was an excel- 
lent presentation on the parathyroid glands and Drs. Beahrs and 
Block should be commended for their continuing contributions to 
our knowledge of this problem. 

I would like to ask one question of Dr. Beahrs and add a brief 
historical note regarding the parathyroid glands. 

The question is this: A few years ago there were reports from 
the Clinic concerning a group of asymptomatic patients with 
chemical hyperparathyroidism who were not coming to surgery 
but whose conditions were being followed closely. During your 
presentation I wondered if that might account for the fact that 
you had such a small number of cases, only 358 during this thrée- 
year period. But at any rate I would like to know what has hap- 
pened to that interesting study group. 

As a further historical note, those of us interested in this sub- 
ject have long referred to the first published description and nam- 
ing of the parathyroid glands by Sir Richard Owen, the Hunterian 
professor of the museum in the Royal College of Surgeons, who 
discovered the glands when doing an autopsy of a Great Indian 
rhinoceros that died at the London Zoo. I had always wondered 
what distinguished a Great Indian rhinoceros, and my curiosity 
was answered this past spring by the publicity surrounding the 
birth of Patrick at the National Zoo in Washington. Patrick is the 
first Great Indian rhinoceros born in captivity in the western 
hemisphere. Of some interest is the fact that he gained 61.5 kg in 
his first month of life on a diet of nothing but rhinoceros milk. 
Perhaps some of our members concerned with nutrition might be 
interested in this, although procurement of rhinoceros milk might 
present a problem. 

Patrick’s birth excited such interest because the Great Indian 
rhinoceros is an endangered species. The reason for this is that 
the rhinoceros horn is highly valued for its aphrodisiac properties, 
something that I am sure would be of only scientific interest to a 
group such as this, many of the animals having been hunted and 
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killed to obtain the horn for medicinal purposes. 

Norman W. THompson, MD, Ann Arbor, Mich: I would like to 
congratulate Dr. Beahrs on a superb paper and express our total 
agreement with the philosophy of not doing all of these expensive 
diagnostic studies routinely. In our experience with 150 patients 
in the last four years, in only two have we not been able to find 
primary parathyroid disease, in one cervical operation. , 

In those two patients, the parathyroid adenomas were located 
low in the mediastinum, and we did have selective venous para- 
thyroid hormone assays done for localization. 

I might add that we treated 40 consecutive patients from whom 
selective venous blood samples were obtained before operation 
with the idea that we would complete the studies if we could not 
find the lesion. In none was it necessary to do so. In that group of 
patients, one had a pulmonary embolus as a complication from 
venous thrombosis at the site of catheterization. 

From the medical economic standpoint, if one obtains parathy- 
roid hormone assays commercially and does them selectively, 12 
samples are needed and the cost is around $700. To do that rou- 
tinely, when 98% of the patients do not need it is a cost that we 
cannot bear. 

Dr. BEAHRS: I think Dr. Thompson has reemphasized that these 
sophisticated tests are certainly not needed in routine cases. Ac- 
tually, in a review of the costs of these tests, our figures are sim- 
ilar to his. The added expense to the patient or the third party 
amounts to $500, more or less. The success rate of finding parathy- 
roid abnormality is no greater or is less than we have reported 
without their use. 

Dr. Higgins, as far as this special group is concerned, 147 pa- 
tients with hypercalcemia with a diagnosis of asymptomatic hy- 
perparathyroidism were included in the group. 

At the present time, 20% (29 of 147 patients) have become symp- 
tomatic and have undergone operation. No further cases are being 
added to this group because of the substantial number that have 
become symptomatic during the period of follow-up. 

I appreciate Dr. Block’s remarks very much. The instance of 
multiple gland disease is still an unresolved issue. 

In the group of 307 primary cases in which disease was found, 
277, 90%, had a single lesion. The lesion was removed and the cal- 
cium levels returned to normal, which I think would be an indica- 
tion that in these cases the abnormality most likely involved only 
one gland. 

However, selective parathyroidectomy or subtotal parathyroid- 
ectomy is indicated whenever other glands grossly appear to be 
slightly enlarged or enlarged, and certainly a biopsy examination 
should be performed on at least one of them for histologic study. 
We are opposed to doing a total parathyroidectomy as has been 
advised by some authors. 

The availability of an expert pathologist who can interpret 
pathologic findings by fresh-frozen section is of great help to the 
surgeon in deciding the extent of parathyroidectomy indicated. 
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, Esophageal Stricture 


Secondary to Reflux Esophagitis 


Siroos Safaie-Shirazi, MD; Wilbur L. Zike, MD; Edward E. Mason, MD 


Since 1966 we have used esophageal dilation plus Nissen fundo- 
plication as our sole method of treating esophageal strictures caused 
by reflux esophagitis. Twenty-six patients were treated for esoph- 
ageal strictures. Dysphagia, vomiting, and weight loss were the main 
complaints. All had roentgenographic evidence of esophageal stric- 
ture confirmed by endoscopy. All patients had preoperative or intra- 
operative dilation of the stenotic segment with a Hurst dilator, fol- 
lowed by Nissen fundoplication as the antireflux operation of choice. 

This more conservative approach, which corrects both the reflux 
and stricture problem, has not been associated with mortality nor 
has there been any morbidity associated with the dilation procedure. 
All patients thus treated have remained asymptomatic on normal ali- 
mentation for the follow-up period, which ranges from six months to 
seven years. 


wet esophagitis with stricture formation usu- 
ally results from the reflux of gastric contents into 
the esophagus. An incompetent gastroesophageal sphinc- 
ter, with or without the presence of a hiatal hernia, is the 
major cause. Since reflux into the esophagus is responsible 
for the stricture, the aim of treatment is not only estab- 
lishment of an adequate esophageal lumen but also pre- 
vention of gastroesophageal reflux. 

Frequently used modes of therapy include dilation with 
or without treatment of the reflux, dilation plus an anti- 
reflux operation, stricture resection and an antireflux op- 
eration, stricture dilation or resection plus an acid-reduc- 
ing procedure, and stricture resection and intestinal 
interposition. 

The purpose of this study is to report a simple, safe, and 
effective mode of therapy for severe esophageal stricture 
secondary to peptic esophagitis. 


PATIENTS AND METHOD 


Of 100 patients who were treated with Nissen fundoplication 
for reflux esophagitis in this institution since 1966, 26 (13 men and 
13 women) had moderate to severe esophageal stricture. Dys- 
phagia was the most frequent complaint in this group of 26 pa- 
tients, substernal pain in 17 patients, and regurgitation was pres- 
ent in 13 patients. Respiratory symptoms and recurrent bouts of 
pneumonia occurred in two patients. The length of symptoms var- 
ief from three months to 12 years. 
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Roentgenographic examination of the upper part of the gas- 
trointestinal tract showed hiatal hernia in 20 patients, the pres- 
ence of reflux in 15 patients, and stricture in 26 patients. 

Examination of the distal part of the esophagus by rigid or 
fiberoptic endoscopy confirmed the diagnosis of stricture in all pa- 
tients. In 20 patients the stricture was associated with active 
esophagitis. 

Esophageal manometry was performed in seven patients before 
operation. A low esophageal sphincter pressure (< 10 mm Hg) and 
occasional minor motor defects in the body of the esophagus were 
noted in these patients. 

In patients with a mild degree of stricture, the gradual dilation 
of the strictured esophagus up to a No. 40 F dilator was performed 
with Hurst mercury dilators before operation. Dilations were per- 
formed daily by the patients. 

In patients with severe esophageal stricture (Fig 1) or mentally 
retarded patients, dilation was performed intraoperatively. Two 
methods were used. In some patients a thread was swallowed be- 
fore operation and retrieved through a gastrostomy. Retrograde 
dilation of the strictured esophagus was accomplished with a 
Tucker dilator to No. 40 F. In some patients, when the passage of 
the thread before operation was impossible, the fiberoptic endos- 
cope was passed to the strictured point while the patient was un- 
der anesthesia. A polyethylene catheter or biopsy forceps was 
then passed into the stomach and retrieved through a gastros- 
tomy. A thread was sutured to the catheter or the biopsy forceps 
and, on withdrawal of the scope, the thread was passed into the 
mouth and dilation was accomplished with a Tucker dilator to the 
desired size (No. 40 F in adults). 

After dilation of the esophagus, fundoplication was usually car- 
ried out in the following manner: after encircling the esophagus, 6 
to 8 cm of the distal part of the esophagus and upper part of the 
stomach were freed by division and ligation of the blood vessels 
along the lesser curvature of the stomach. At this time a No. 
40 Hurst mercury dilator was introduced into the stomach by the 
anesthesiologist. The fundoplication was performed with inter- 
rupted 2-0 synthetic nonabsorbable suture material, taking bites 
of stomach, then esophagus, and then stomach again. By this tech- 
nique, the fundic part of the stomach was wrapped around the dis- 
tal 4 em of esophagus.: As previously described by one of us,’ a 
“water test” was performed to assure the competency of the valve 
that had been created by fundoplication. In those patients in 
whom a gastrostomy was necessary for retrograde dilation, a No. 
32 Pezzer catheter was used to perform a Witzel gastrostomy. The 
thread was brought out through the catheter for later dilation of 
the esophagus. Associated duodenal ulcer was treated with vagot- 
omy and gastrectomy in one patient and with vagotomy and py- 
loroplasty in three. Incidental splenectomy was performed in four 
patients. Major complications were thoracic empyema in one pa- 
tient and wound infection in another. In patients with severe 
stricture, daily dilation of the esophagus was practiced for three 
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Fig 1.—Esophagograms of 60-year-old man with severe stricture 
before dilation and fundoplication. 


Sy ee 


months by the patient who swallowed a No. 40 Hurst dilator be- 
fore breakfast. This was reduced to three times weekly for an- 
other three months. 


FOLLOW-UP STUDIES 


Twenty-three of the 26 patients were observed in the 
clinie and three by telephone. One patient died three 
months after operation from a cerebrovascular accident. 
Follow-up time was six months to 7 years, and averaged 
3% years. Each patient was interviewed in the clinic and a 
roentgenographic examination of the esophagus was per- 
formed in 23 patients with emphasis on the presence of re- 
flux and size of the esophagus. Patients were questioned 
about the presence of dysphagia. Of the total of 25 live 
patients, one had retrosternal burning and a minimal 
amount of reflux on roentgenography. Roentgenographic 
examination after six months revealed a patent and 
smooth esophagus in 20 of the 23 patients, with mild nar- 
rowing in three patients, but the size of the esophagus 
was adequate enough in these three patients to permit a 
regular diet (Fig 2). 


COMMENT 


Dilation of esophageal stricture has been reported to 
yield up to 87% good results by Palmer.” However, Skinner 
and Belsey* noted a high mortality and only 36% good re- 
sults. Hill and associates’ have reported 85% good results 
with dilation and an antireflux operation. Stricture dila- 
tion or resection plus acid-reducing procedures have pro- 
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Fig 2.—Esophagogram of same patient after dilation and fundo- 
plication. 


duced satisfactory results in the series of Payne et al.’ 
Skinner and Belsey,* however, reported a high operative 
mortality and only 67% satisfactory results in their large 
series. The patch technique for management of esoph- 
ageal stricture in a series of 22 patients reported by Thal 
has been associated with one death and three stricture re- 
currences.’ This mode of therapy has also been largely un- 
successful in patients treated by Thomas et al' Recently 
Strug et al* reported a 16% mortality for the Thal patch 
procedure. Pearson and Henderson” reported their experi- 
ence with gastroplasty in the management of acquired 
short esophagus with stricture. In their experience, good 
results were obtained in the majority of the patients, but 
they encountered three esophageal perforations, one 
death, and six of the patients had postoperative gys- 
phagia. d 

Although esophageal resection with intestinal inter- 
position has produced good long-term results, the length 
of the operative procedure and the high morbidity and 
mortality outweigh its benefits. 

The satisfactory results and the absence of moštality 
obtained with a combination of esophageal dilation and 
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Nissen fundoplication appear to provide an excellent 
method of therapy in patients with this difficult problem. 
The functional results achieved are good in the great ma- 
jority of the patients. The esophagus is retained, the 
esophageal sphincter is not disrupted, and the vagus 
nerves remain intact. Preoperative and postoperative 
manometric studies in our patients demonstrate a low 
sphincteric pressure preoperatively and a high pressure 
zone after operation in all the patients studied. The suc- 
cess of this technique, however, is based on the following 
points: 

1. The patient should be dilated to a No. 40 F, as we 
have mentioned earlier. This can be accomplished preoper- 
atively by a mercury-tipped Hurst dilator or intraopera- 
tively antegrade or through a gastrostomy and retrograde 
fashion by means of a Tucker dilator. 

2. Dilation should be resumed by the patient seven to 
ten days after operation and continued for at least six 
months. This will allow reepithelization of the strictured 
area, Teaching each patient how to dilate his or her esoph- 
agus, an essential and important step, has been no prob- 
lem in our experience. 

3. Fundoplication should be performed over a No. 40 
Hurst or Tucker dilator in order to assure an adequate lu- 
men. Use of a synthetic nonabsorbable suture material is 
preferred over silk. 

4. As we have shown recently,’ the efficacy of fundopli- 
cation as an antireflux valve is not related to the creation 
of an intraabdominal segment of esophagus. Rather it is 
due to the valve mechanism fashioned at the esoph- 
agogastric junction. Therefore, in case of short esophagus 
because of stricture, placement of the fundoplication be- 
low the diaphragm is not essential and in such instances 
the operation can easily be performed through a thoracot- 
omy approach without attempting to reduce the hernia. 
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Discussion 


J. LYNWOOD HERRINGTON, JR., MD, Nashville, Tenn: Dr. Shirazi 
has given us an excellent analysis showing that many far-ad- 
vanced reflux strictures need not be managed by complicated pro- 
cedures entailing resectional surgery or esophagogastroplasties, 
for in many instances a simplified surgical approach will solve the 
problem. 

John Hayward of Australia wrote an excellent article in Thorax 
(16:45, 1961) on this subject that went largely unnoticed. Hayward 
expressed dissatisfaction with resectional procedures for the 
treatment of the advanced reflux stricture on account of the high 
mortality and morbidity and showed that these strictures could be 
properly handled in many instances by intraoperative dilation fol- 
lowed by an antireflux procedure. 

Lucius Hill has pioneered this conservative approach and has 
shown that many dense, fibrous reflux strictures can be cured by 
antegrade and retrograde dilation followed by a posterior gastro- 
pexy. Hill’s work has received some criticism by those who advo- 
cate stricture resection of esophagogastroplasty, but he has made 
the point that the extent and degree of a reflux stricture can only 
be properly determined at the time of operation and that most 
such strictures can be corrected by simple dilation followed by cor- 
rection of gastroesophageal reflux. 

A patient had a tight annular stricture just above the gastro- 
esophageal junction. The stricture was treated by intraoperative 
dilation, followed by a Nissen fundoplication. Some surgeons 
would have preferred to treat this patient by the more compli- 
cated methods involving a Thal patch or a Collis gastroplasty. Post- 
operatively, the stricture appeared to be completely corrected and 
the patient has had no objective or subjective evidence of reflux. 
Another patient had a far-advanced longitudinal stricture of the 
esophagus. The esophagus was markedly dilated proximal to the 
stricture, and this patient could now swallow liquids and actually 
was drooling saliva. The patient was treated by antegrade and ret- 
rograde intraoperative dilation of the stricture, followed by an an- 
tireflux procedure. Postoperatively, restoration of the esophageal 
lumen had been accomplished and reflux was totally corrected as 
evidenced by disappearance of symptoms and failure to note re- 
flux on endoscopic study. Complete healing of the esophagitis has 
taken place. 

There is no question but that many patients with such strictures 
have been subjected to extensive operative procedures for treat- 
ment of this entity when excellent results could have been ob- 
tained by the more simplified approach so beautifully demon- 
strated in Dr. Shirazi’s series. 

Dr. ZIFFREN: We have never tried just doing a fundoplication 
and not dilating the stricture. I guess we are afraid to do so. We 
have dilated all of them at the same time or beforehand. 
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Dissecting Aneurysm 
of the Descending Aorta 


Improved Surgical Results in 91 Patients 





George J. Reul, Jr., MD; Denton A. Cooley, MD; Grady L. Hallman, MD; 
Sitaram B. Reddy, MD; E. Ross Kyger III, MD; Don C. Wukasch, MD 


Dissecting aneurysm of the descending thoracic aorta (type III) is 
a specific disease process whose pathogenesis, pathologic descrip- 
tion, surgical treatment, and prognosis is different from dissections 
of the ascending aorta (types | and II). From 1964 through 1974, 91 
patients underwent surgical correction of type Ill dissection. The op- 
erative mortality was 21% and late mortality, up to ten years follow- 
up, was 13%. During the past four years, operative mortality has 
dropped to 6.5%. Mortality was determined by extent of the aneu- 
rysm and underlying cardiac disease. Antihypertensive and negative 
ionotropic drugs have not been used as definitive treatment but as 
adjuncts in perioperative support. Based on our present mortality of 
6.5%, with no late mortality, we urge early surgical treatment of 
acute and chronic dissecting aneurysms of the descending thoracic 
aorta before extension, rupture, or massive enlargement of the aneu- 
rysm occurs. . 


Ithough dissection of the thoracic aorta has been a 
well-recognized entity for some time, the first at- 
tempted operation, a local “fenestration” procedure on the 
iliac artery, was done in 1935.‘ In 1955 DeBakey et al? re- 
ported excellent results in transthoracic treatment of six 
patients. Later reports stressed the importance of resec- 
tion of the aneurysm, closure of the false channel, and in- 
terposition of a tube graft for definitive treatment.*~ 
With more widespread application of surgical treat- 
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ment, some reports discouraged surgery because of the 
high mortality.” Consequently, Wheat and Palmer and 
their associates proposed medical treatment as an alterna- 
tive to surgical correction. A medical regimen consisting 
of antihypertensive and negative ionotropic drugs re- 
sulted in a mortality of 10% to 20% in their hands." 
This appeared favorable when compared to other pub- 
lished mortality for the direct surgical approach (21% to 
90%).5-8:12-18 

About the same time it became apparent that all dis- 
sections of the thoracic aorta did not behave the same 
with regard to prognosis, early rupture, extension, and 
surgical treatment.’*’ Because of this, two classification 
systems were proposed. Both were based on the location of 
the intimal tear. The first divided dissection of the aorta 
into three types: type I originated in the ascending aorta 
usually just above the aortic valve and extended distally 
beyond the arch; type II originated in the same area but 
was confined to the ascending aorta proximal to the in- 
nominate artery; type III arose in the descending thoracic 
aorta just distal to the left subclavian artery and involved 
any length of distal aorta.’ Daily et al’* proposed a sim- 
plification of this typing: type A was confined to origina-, 
tion in the ascending arch of the aorta and type B arose in 
the descending aortic arch. 

Unfortunately, most dissecting aneurysms of the tho- 
racic aorta have been reported as one group, that is, type 
I, II, and III aneurysms have been analyzed as one sepa- 
rate entity. Because of the marked difference in the path- 
ophysiologic findings, surgical treatment, and prognosis 
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of both groups, it is appropriate to analyze dissecting an- 
eurysm originating in the ascending aortic arch (types I 
and II) separately from those originating in the descend- 
ing arch (type III). With this approach, more accurate 
comparisons can be made. 

The medical regimen proposed by Wheat and his col- 
leagues has a sound physiologic basis and is applicable to 
virtually all patients with dissecting aneurysms. With im- 
provement in cardiovascular techniques, patient care, and 
utilization of the Wheat medical regimen prior to and af- 
ter operation, operative results should have improved. Re- 
cent reports have verified this speculation.’**"**° 

It is essential to examine the current status of the role 
of surgery in the treatment of acute and chronic dis- 
sections of the descending thoracic aorta and the use of 
medical therapy, not as an alternative to surgical therapy 
but as an adjunct to operative treatment. This report con- 
sists of early and recent experience with the surgical 
treatment of dissecting aneurysm of the descending tho- 
racic aorta. Particular reference is made to an analysis of 
techniques introduced to improve the results of surgical 
treatment in order to introduce a subtype classification 
and to establish dissecting aneurysm of the descending 
thoracic aorta as a separate entity. 


PATIENTS AND METHODS 


We have classified dissecting aneurysms originating in the de- 
scending thoracic aorta (type III or descending arch) into four 
subtypes (Fig 1). The subtypes have the same site of origin, that 
is, distal to the left subclavian artery, but vary according to exten- 
sion of the dissection: type III-A extends to the midthoracic aorta 
(Fig 2); type III-B extends to the level of the diaphragm (Fig 3); 
in type III-C the dissecting aneurysm and false channel extend 
below the diaphragm (Fig 4); type III-D is a retrograde extension 
into the ascending aorta with antegrade dissection below the dia- 
phragm (Fig 5). The surgical management of each of these lesions 
is different, as is the prognosis and the importance of early surgi- 
cal intervention. 

At the Texas Heart Institute, Houston, from 1964 through Octo- 
ber 1974 there have been 91 patients operated on for acute or 
chronic dissecting aneurysms of the descending thoracic aorta. 
There were 74 men and 17 women, with an age range from 29 to 81 
years (Fig 6). Most patients were 50 to 69 years old. 

The cause and pathologic description of dissecting aneurysms of 
the descending aorta are different than those of dissecting aneu- 
rysms of the ascending aorta. Hypertension was present in 79 of 
the 91 patients (87%) and most had severe hypertension at the 
time of the dissection. Pathologic evidence of arteriosclerosis or 
atherosclerosis as the cause of dissection was present in 59 pa- 
tients (65%). All patients had either hypertension or arteriosclero- 
sis or both. Early arteriosclerosis initiated by coarctation of the 
thoracic aorta or double aortic arch was the cause of dissection in 
two patients. Cystic medial necrosis, a well-known entity, was 
present in only 13 of the 91 patients (14%). Syphilis was an etiolog- 
ical factor in two patients (2%) and myxoid degeneration of the 
aortic media in another two patients. In only one patient was 
there a possible earlier relationship to trauma. On pathologic anal- 
ysis of the aorta in 12 patients, the cause could not be determined, 
although all 12 were hypertensive. 

The diagnosis of acute dissecting aneurysm of the descending 
thoracic aorta is difficult because of the wide variety of symptoms. 
In most instances there was a history of a sudden onset of tear- 
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Fig 1.—Subtypes of type III dissection of thoracic aorta. All have 
initiation of dissecting process at or below subclavian artery. Sub- 
types are according to extent of dissection, either retrograde or an- 
tegrade. 


ing, excruciating pain in the intrascapular area that occasionally 
radiated into the back or legs. Some patients had retrosternal pain 
that did not radiate. Most patients were hospitalized at the time 
of the onset of pain, and the differential diagnosis was that of dis- 
section of the thoracic aorta, myocardial infarction, pulmonary 
embolus, or perforated peptic ulcer. The pain usually was not re- 
lieved by narcotics and persisted in untreated individuals. Al- 
though most patients appeared to be in a low perfusion state, they 
were admitted with systolic and diastolic blood pressures far 
above their usually observed level. Eight patients with rupture of 
the aneurysm were admitted in shock. There was no peripheral 
pulse in less than one third of the patients. Two patients were ad- 
mitted with paraplegia and acute renal failure; both eventually 
died. All patients with chronic dissection had one or more episodes 
of characteristic chest pain that served to establish the time of the 
dissection. i 

The plain chest x-ray film was beneficial in determining the 
diagnosis of acute and chronic dissection in 85% of the patients. In 
these patients, the chest x-ray film showed enlargement of the 
mediastinal shadow to the left. Calcification of the aneurysm was 
present in less than one third, with most having chronic dis- 
sections. Other plain chest x-ray film findings have been well de- 
scribed.":7!-*5 | 

The definitive diagnosis was by aortogram. This was accom- 
plished earlier in the series by introducing a transvenous catheter 
into the pulmonary artery followed by contrast injection to visual- 
ize the aortic phase. This technique has been noted for its safety, 
however the clarity of the aortic image is sacrificed. In more re- 
cent years, diagnosis was obtained by brachial arteriography, in 
which a catheter was introduced into the right brachial artery and 
direct injection of contrast medium was made just above the aor- 


Dissecting Aneurysm/ Reul et al 633 





— 





























Fig 2.—Chest x-ray film and aortogram of type III-A dissection. Note distal extension of aneurysm only to midthoracic aorta. 


tic valve. In this manner, aortic valve competence and the distal 
part of the aorta were examined with more clarity to demonstrate 
the exit site or entry channels or both. Importance of examining 
the aerta below the diaphragm depended on the patient’s condi- 
tion at the time of injection. There was a potential danger of in- 
jection into the false channel with disruption and extension. In 
our experience with judicious use and cautious injection, this com- 
plication was negligible. The visualization of a “double lumen” or 
false channel with or without entry or exit sites was diagnostic of 
dissection of the descending thoracic aorta. The difficulty of aorto- 
gram interpretation, importance of localization of the exit site, in- 
volvement of major arteries, and determination of the extent and 
form of the aneurysm have been well described.**?" 

The extent and location of dissection in the 91 patients was clas- 
sified into the four subgroups (Fig 7). Four patients had small dis- 
sections confined to the upper half of the aorta and originating 
distal to the left subclavian artery. Twenty-seven patients had 
dissection that terminated above the diaphragm. Over half of the 
patients (49 patients) had dissection extending below the dia- 
phragm. Nine patients (10%) had full retrograde and antegrade 
dissection (type III-D). Eight patients with large aneurysms had 
actual rupture into the left pleural space. Four of these patients 
survived following surgical repair. In two patients the extent of 
the aneurysm was not recorded. 

Classification of the type of dissection as to acute or chronic has 
been based on duration of time of the onset of symptoms to ad- 
mission for treatment. Acute dissections have been classified as 
those in which dissection, as evidenced by characteristic chest 
pain, occurred within two weeks before admission. Forty-nine pa- 
tients (54%) had acute dissection. These patients also had acute in- 
flammation of the aorta with relatively fresh blood clot in the 
false channel at the time of surgery. Chronic or subacute dis- 
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section of the thoracic aorta was present in 42 patients (46%). The 
chest pain virtually subsided prior to surgery and a fibrotic endo- 
thelialized false channel impinging on the true lumen was encoun- 
tered in most cases. Occasionally a resolving blood clot was found 
in the false channel. 

All patients who entered with acute dissecting thoracic aneu- 
rysm and had verified diagnoses were operated on during that ad- 
mission following stabilization by medical therapy when possible. 
Increase in aneurysm size as observed by sequential chest x-ray 
films, presence of a sacciform aneurysm, symptomatic aneurysm, 
and massive aneurysm were indications for surgery in the chronic 
dissection of the descending thoracic aorta. Acute exacerbation of 
chest pain or any of the other indications used for surgery in the 
acute dissection were likewise indications for surgical interven- 
tion in chronic dissection. 


OPERATIVE TECHNIQUE 


The basic goals of surgical correction were resection of the an- 
eurysm, obliteration of the false channel, and reestablishment of 
flow through the true lumen by an interposition graft. Flow 
through the major aortic branches, preservation of neurologic 
(spinal and central nervous system) and renal function, and pre- 
vention of distal or proximal extension were essential. The right 
lateral decubitus position with the left leg extended for groin can- $ 
nulation was utilized. A fourth or fifth interspace posterior-lateral 
thoracotomy was the incision of choice. Intraoperative cardio- 
pulmonary bypass support was utilized in all but two patients. 
From 1964 through 1973, left ventricular bypass was the proce- 
dure of choice. Because of its advantages, partial bypass by drain- 
age through the femoral vein and return through the femora] ar- 
tery has replaced left ventricular bypass as the technique of 
choice since 1973. This allowed not only for perfusion distal to the 
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* aortic clamp but also served indirectly to decompress the left ven- RESULTS 


tricle. Low flow rates under normothermic conditions were uti- 
lized. Control of the proximal part of the aorta was usually be- 
tween the left carotid and left subclavian arteries, a separate 
clamp being applied to the left subclavian artery. The distal part 
of the aorta was occluded at a relatively normal area of aorta 
when possible. When the aneurysm extended below the dia- 
phragm, the aorta was occluded just above the diaphragm, care 
being taken to preserve the spinal cord arteries at the T-10, 11, 12, 
and L-1 levels. In all instances when possible, the false channel 
was obliterated by either separate suture or incorporation in the 
interposition graft (Fig 8). The proximal dissection was usual- 
ly identified at the root of the subclavian artery and removed 
with the aneurysm. A new technique was described recently in 
which an 8-mm Dacron graft was utilized as a wraparound of the 
distal and proximal parts of the aorta near the anastomosis to re- 
move tension from the suture line and to further obliterate the 
false lumen by placing pressure on the distal advential layer.” 

Careful control of postoperative hypertension and force of ven- 
tricular ejection by trimethaphan camsylate or propranolol hydro- 
chloride intravenously and later by orally administered antihyper- 
tensive medications was essential to prevent further dissection or 
a new dissection. The medical regimen described by Wheat et al**"! 
was used not only preoperatively but also in the immediate post- 
operative period in some instances to control blood pressure and 
pulsatile flow. 

Replacement of other segments of the diseased aorta with or 
without aortic valve replacement was necessary in eight patients 
either prior to or following the corrective operation on the de- 
scending thoracic aorta. Careful follow-up was considered essen- 
tial to prevent late death by rupture of an aneurysm in another 
area or further extension of the dissecting process. 


Nonfatal Complications 


Nonfatal complications occurred in less than half of the 
patients. The most common nonfatal complications were 
cardiac in origin. Arrhythmias, mostly ventricular, oc- 
curred in seven patients. These were controlled by the 
usual cardiac medications. Congestive heart failure with 
pulmonary edema developed in five patients postopera- 
tively. Most patients had previous cardiac disease and 
were controlled with additional medieation. 

The second most frequent complication was nonfatal 
postoperative hemorrhage. This occurred in eight patients. 
Five patients required reoperation. Two of the patients 
required operation for control of hemorrhage more than 
one week following the original operation. An additional 
patient required decortication because of atelectasis and 
fibrinous pleuritis. Two patients required thoracentesis 
only to remove blood accumulations in the left side of the 
chest. 

Nonfatal paraplegia occurred in one patient following 
resection of a massive aneurysm (type III-C). The para- 
plegia was complete at the tenth thoracic vertebral level. 
Eventual improvement resulted. Left lower extremity pa- 
resis occurred in one patient. This gradually subsided with 
return to completely normal function. No other patients 
developed paraplegia as a result of the surgery. 

Acute renal failure occurred in two patients. Both un- 
derwent short-term renal dialysis and responded well, 


Fig 3.—Chest x-ray film and aortogram of type III-B dissection. Distal extension terminates above diaphragm. Patient had uncomplicated 


postoperative course. 





Arch Surg/Vol 110, May 1975 


at 


opo 


Dissecting Aneurysm/Reul et al 635 






| 


ie >» 


=a 


== 
\e 


ES Ss a 
noi à 





= with return to good renal function. Both patients had 
large aneurysms (type III-C) extending beyond the renal 


arteries. Gout and wound dehiscence occurred in one pa- 
tient each. Pulmonary complications requiring long-term 
intubation occurred in four patients and pulmonary em- 
bolus occurred in one patient. 


MORTALITY 


Of the 91 patients undergoing surgical treatment of dis- 
secting aneurysm of the descending thoracic aorta for 
acute and chronic dissection, 19. patients died in the oper- 
ative period of 30 days following surgery (mortality of 
21%). The most essential determinants of mortality were 
the extent of the aortic aneurysm and the underlying car- 


diac condition. 


In the acute dissection, 12 of the 49 patients died 
(24.5%). The most common cause of death was retrograde 
dissection into the pericardium with or without rupture 
causing pericardial tamponade. This occurred in six pa- 
tients. In fact, in the nine patients with acute or chronic 
retrograde dissection in whom it occurred, only one pa- 
tient survived. The retrograde dissection occurred prior to 
surgery (five patients), at the time of surgery (two pa- 
tients), or in the postoperative period (two patients). One 
antegrade dissection accounted for death in the postoper- 
ative period when diagnosis and attempted repair of a de- 
hiscence of the distal suture line occurred too late. Two pa- 
tients died of cardiac causes. Another patient, an 81-year- 


_ old man, had a perforated ulcer following successful repair 
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of a massive acute type III-C aneurysm and died on the - 
24th day after surgery. The 11th patient was admitted in 
shock with rupture of a type II] C aneurysm and died on 
the sixth postoperative day of cerebral damage incurred 
by prolonged preoperative shock. The last patient died on 
the first postoperative day of unknown cause. Two of the 
above patients were admitted with paraplegia and acute 
renal failure and did not improve following surgery. Of 
the 12 patients who died following surgical treatment of 
acute dissecting descending thoracic aneurysm, six had 
type III-D aneurysms and six had type III-C aneurysms. 
In chronic dissection, 35 of the 42 patients survived, a 
mortality of 16.7%. Cause of death in this group was dif- 
ferent in that the underlying cardiac disease was more 
important than the aortic disease. Four patients died of 
cardiac complications and three had severe coronary ar- 
tery occlusive disease prior to surgery. One patient had 
successful repair of a type III-C aneurysm and on the 
fourth postoperative day developed signs of hemorrhage, 
at which time rupture into the pericardium with retro- 
grade dissection was evident. Valve replacement with as- 
cending graft was unsuccessful, and the patient died in 
the operating room. The second patient had retrograde 
dissection with pericardial tamponade during surgery, re- 
sulting in cerebral anoxia that never responded to treat- 
ment. The patient died on the 27th postoperative day. The 
last patient had sudden death on the 28rd postoperative 
day outside the hospital and no autopsy was performed. 
Of the seven deaths following operation for chronic dis- 


Fig 4.—Chest x-ray film and aortogram of type III-C dissection. Aneurysm extends below diaphragm. Resection to level of diaphragm fol- 
lowed by graft replacement and obliteration of false channel resulted in satisfactory result five years after treatment. 
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Fig 5.—Type III-D dissection. Previous retrograde dissection corrected by placement of ascending aortic graft after resection. Second stage 
was correction of type ||| component. Patient survived surgery. 


section, four patients had type III-C, two had type III-D, 
and one had type III-B. 

Thus, of the 19 patients who died of either acute or 
chronic dissection, 47% died because of immediate or late 
retrograde or antegrade extension of the dissection. Pres- 
ent techniques have allowed for decrease in this complica- 
tion. In fact, the mortality has declined sharply since 
these techniques were instituted in 1971. Since 1971 in the 
31 patients undergoing surgery, only two patients died in 
the operative period, an overall mortality of 3%. In addi- 
tion there have been no late deaths (Fig 9). In this recent 
time period, one patient died because of intraoperative 
proximal dissection, the other had a massive aneurysm re- 
paired and late antegrade dissection. 

Location and extent of the aneurysm obviously played 
an important role in operative mortality (Fig 7). Of the 
simple aneurysms above the diaphragm, only one of 31 pa- 
tients died (3%). When rupture of the thoracic aortic aneu- 
rysm occurred, 50% mortality resulted. With retrograde 
dissection and rupture into the pericardium, 89% mortality 
occurred. Late rupture or further dissection is a potential 
hazard when dealing with generalized disease of the aorta. 
Early surgical intervention in acute dissection may pre- 

*vent this event from occurring. In addition, preoperative, 
intraoperative, and postoperative management should in- 
clude the use of antihypertensives and negative ionotropic 
medications such as trimethaphan, propranolol, reserpine, 
and guanethidene sulfate to avoid progression of the an- 
eurysm. 

Late mortality occurred in nine of the 72 survivors (13% 
late mortality). When the patients were observed from 


Arch Surg/Vol 110, May 1975 


one to ten years, three died of cardiac causes, two patients 
had cerebrovascular accident, one patient had no autopsy, 
and three patients died as a result of further complica- 
tions related to the aorta (aortopulmonary artery fistula 
[1] and rupture of abdominal aortic aneurysm [2)). 


COMMENT 


Dissection of the thoracic aorta is a well-described en- 
tity. Dissection may occur in the normal aorta, although in 
most instances there is underlying disease consisting of 
medial degeneration either from arteriosclerosis or cystic 
medial necrosis. Damage to the intima results in tearing 
of the intima, with formation of a false channel in the dis- 
eased media. Pulsatile force and ventricular ejection cause 
stress on the aorta extending the false channel retrograde 
or antegrade. An aneurysm whose wall thickness is depen- 
dent on the depth of penetration into the media results. In 
addition to the intimal exit site, another intimal tear or 
reentry site may occur at any level of the distal part of the 
aorta or aortic branches. Antegrade or retrograde dis- 
section may result at all levels. The clinical picture de- 
pends on the aortic branches involved, the size and direc- 
tion of the dissection, the duration of symptoms, and the 
location of initial intimal tear. Dissection of the descend- 
ing thoracic aorta must be distinguished from true aneu- 
rysms of the thoracic aorta, which contain all layers of 
aortic wall, and the acute or chronic traumatic aneurysm, 
which rarely dissects to any great extent.*® 

To further complicate the clinical picture, the dissecting 
aneurysm may rupture into the free pleural space, lung 
parenchyma, pulmonary artery, or bronchus. With retro- 
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—Mortality is related to subtype of dissection. Mortality in- 
with severity of aortic disease and extension of aneurysm. 
Eight patients with different subtypes had rupture of aneurysm 
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Fig 8.—Technique of operative repair of type III-C dissection. Note 
obliteration of false lumen. Placement of reenforcened Dacron 
graft-to-graft wraparound is effective in decreasing suture line ten- 
sion and obliterating false lumen. 
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grade dissection, it may compromise the great vessels or 
rupture at the ascending aorta or into the pericardium, 
producing pericardial tamponade. It may extend into the 
sinus of Valsalva, releasing the aortic valve support and 
causing aortic valve incompetence or it may extend fur- 
ther into a cardiac chamber, causing an aortic cardiac 
chamber fistula. Antegrade rupture or compromise of dis- 
tal aortic branches may also occur. Thus, the clinical pic- 
ture is indeed complex and surgical treatment must be in- 
dividualized to the clinical state. 

In acute and chronic dissecting aortic aneurysms, sev- 
eral reports have compared medical to surgical treat- 
ment.**""188 Few have been concerned solely with dis- 
sections originating in the descending thoracic aorta. 
Differences of opinion have been stated as far as indica- 
tions for surgery are concerned. Reports on the mortality 
of medical treatment vary widely, despite the similarity 
in the forms of treatment.**-!?:'**8 We have subscribed 
to the Wheat treatment as previously described and have 
used this only as a form of stabilizing the patient prior to 
operation rather than a form of definitive treatment. 
While under stabilizing medical treatment, indications for 
immediate or emergency surgery have been medical fail- 
ure, expansion of the aneurysm, and rupture. Medical fail- 
ure is manifested by persistent pain or unstable blood 
pressure control despite the use of propranolol or tri- 
methaphan intravenously. Many patients develop tachyphy- 
laxis to trimethaphan after 48 hours. Expansion of the an- 
eurysm may be identified by increasing pain, mediastinal 
widening, or loss of peripheral pulse. This may be associs 
ated with neurological deficit, presence of a new aortic in- 
sufficiency murmur, or evidence of compromise to the vis- 
ceral vessels including renal failure or abdominal pain and — 
tenderness. Careful observation for these signs is essen- 
tial. Although others may believe these are not indications 
for surgery, we believe that these signs herald rupture of — 
the aneurysm and, therefore, immediate surgical inter- 
vention is mandatory. When rupture occurred, our oper- 
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Fig 9.—Mortality is related to time period of surgery. With improvement in surgical techniques and increased use of antihypertensive and 


negative ionotropic drugs in perioperative period, striking drop in mortality to 6.5% has occurred over past four years. 


ative mortality increased to 50%, while retrograde dis- 
section caused an increase to 89%. Obviously these late 
stages of the natural progression of the disease should be 
prevented and interrupted by prompt surgical treatment. 

If rupture is allowed to occur, the signs are persistent 
pain, shock, evidence of cardiac tamponade, or bloody 
pleural effusion. Hemoptysis may indicate the onset of an 
aorta bronchial fistula with rupture of the aneurysm into 
the pulmonary parenchyma. 

Medical failure is usually an indication of expansion, 
which is an indication of impending rupture. Early sur- 
gery is justified because our present mortality of 6.5% for 
the past four years excells that of any reported medical 
treatment of the acute dissecting aneurysm of the de- 
scending thoracic aorta. The overall late mortality of 18% 
(4.1% aortic-related deaths) is likewise very encouraging. 
If medical treatment alone was used, most of the aneu- 
rysms would have ruptured because of the thickness of the 
outer wall of the aneurysm, the extensiveness of the un- 
derlying disease, and early medical failure. 

Retrograde dissection is a near-fatal complication that 
may be preventable. When retrograde dissection does oc- 
cur, immediate control of the proximal part of the ascend- 
ing aorta and the arch vessels can be accomplished, but 
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adequate cerebral perfusion is difficult to obtain in the 
short critical period. When successful control of the retro- 
grade dissection did occur and surgical correction of the 
retrograde dissection was achieved, cerebral anoxia or 
myocardial injury from dissection remained a problem in 
all but one of the nine patients. Perhaps rapid induction of 
hypothermia or establishment of cerebral shunting tech- 
niques or both may result in better cerebral preservation 
during this critical period. 

In chronic dissections, indications for surgery may vary 
according to the patient’s general medical condition, age, 
size of aneurysm, symptoms, and recent change in aneu- 
rysm size. Chronic aneurysms whose false channels do not 
show a communication with the true lumen of the aorta 
are thought to have a more favorable prognosis.” In some 
instances, at operation the distinction of the true lumen 
from the false channel in the chronic aneurysm is quite 
difficult. In these instances, the double lumen is retained 
but the aneurysm or dilated sacciform portion of the 
aorta, which may subsequently rupture, is resected. 

The operative technique has varied from center to cen- 
ter.!2-2°.%0-34 We prefer the use of cardiopulmonary bypass 
because of the ease of its applicability and the prevention 
of major complications through its use. Heparinization has 
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ot ed with hemostasi 
a tin e is usually under one hour, the heparin is immediately 
used. In a rare instance where multiple adhesions may be 
= present from inflammatory disease of the left lung, the 
use of heparin may cause excessive bleeding. Presently we 
_ favor the use of femoral vein to femoral artery bypass to 
= avoid the potential complications of left atrial bypass, ie, 
=~ the induction of air into the arterial line, the occasional 
= difficulty of controlling hemorrhage from the left atrial 
appendage, and the necessity to enter the pericardium. 
~ Our incidence of paraplegia (1%) is less than or compa- 


SDE cardiepulmonary bypass without or with shunts.*-* The 
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pump bypass 


reversed with protamine sulfate, and woven grafts are 


~ rable to the reported incidence in other series not using 
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use of a heparinized shunt or left ventricular assist device 


allowing heparinless bypass have been proposed by 
some.”™-** In the instance of dissecting aneurysm, the dis- 


placement of a shunt may be difficult in the proximal part 
of the aorta, the subclavian artery, or the distal part of the 
thoracic aorta. Other reports of the results with the use of 
these ioia however, have been satisfactory. 


section usually shanin beyond the area of resection} thus 


| 
Nonproprietary Names and 
_ Trademarks of Drugs 


Propranolol hydrochloride—Inderal. 
Trimethaphan camsylate—Arfonad. 
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the aneurysm and the underlying cardiac disease. With the recent 
decrease in operative mortality, we believe that dissecting aneu- 
rysm of the descending thoracic aorta is a surgical disease shat 
merits immediate 

occur. | 


ical correction before late complications 
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Hepatic Artery Ligation 


È 
and Cytotoxic Infusion in 4 
i y 
ERAS. s 
_ Treatment of Liver Neoplasms 
te ‘Ss 
Wilbur L. Zike, MD; Siroos Safaie-Shirazi, MD; Hrair P. Gulesserian, MD 
Since 1970, 38 patients with multiple primary or secondary liver time. In 1972 we reported on eight patients treated by 
neoplasms have been treated by hepatic artery ligation and distal cy- such a regimen.’ We now have 38 patients who have beets 
totoxic infusion with fluorouracil. There have been two postoperative treated in this fashion, and we describe herein the results TN 
deaths. Although liver enzymes (alkaline phosphatase, serum glutamic of this therapy. | 
oxaloacetic transaminase, and lactic dehydrogenase) rise markedly 
- during the first three days, they usually return to preoperative levels METHODS 
within eight days. r i 3 ae 
ef The teen aari time of all patients, including the two postop- Patients selected had primary or secondary liver neoplasms 
| erative deaths, was 13.3 months. The longest patient survival was With no evidence of major extrahepatic metastases. Preoperative = 
44 months. In the eight patients still living, the median survival time  ©Valuation included liver function tests and a liver sean. Aorto- A 
is 17 months, ranging from 11 to 27 months. Substantial palliation  8"@ms and selective hepatic arteriograms were used to define the 
fs can be achieved by hepatic artery ligation and infusion with minimal vascular anatomy of the hepatic artery. Initially, all patients were $ E m 
| morbidity and mortality. given massive doses of antibiotics (usually penicillin) preopera- _ iA 
tively and postoperatively. Recently, we have occasionally omitted a. 
antibiotics and have not noticed any deleterious effects. EEE 
Į eoplastic disease of the liver, whether primary or At laparotomy, the absence of gross metastases to periaortic 
secondary, has a grave prognosis. When untreated, nodes, peritoneum, or other viscera was confirmed. The primary __ 
median survival has been reported to be 75 days. If metas- tumor was resected whenever possible. The hepatic artery was ex- | 
tases from carcinoma of the colon are excluded, survival posed and ligated distal to its extrahepatic branches. A 90-gauge 
decreases to a median of 45 days.’ polyethylene catheter was inserted into the common hepatic ar- re i 
Subsequent to demonstration that the hepatic artery ‘TY distal to the ligation and was ligated into the artery at two or 
= provides the major blood supply to primary and secondary more sites. The lesser omentum, falciform ligament, and tri- “a 
a malignant tumors of the liver in man, and that ligation angular ligament were tratisected in an attanipt so G. 
Es k À velopment of collateral arterial circulation to the liver. The gall- i 
be of the artery close to the liver might cause tumor regres- bladder was removed to prevent necrosis secondary to hepatic 
Ee sion or necrosis, we began a pilot study in 1970 to test the artery ligation. Five milliliters of 5% fluorescein sodium was in- 
_ hypothesis that hepatic artery ligation plus distal infusion jected through the catheter to demonstrate under Wood light illu- 
~ fethe ligated artery with cytotoxic drugs would result in mination the distribution of this substance to all tumor-bearing 
~ improved symptomatic response and in increased survival areas. re, 
SN ee The hepatic artery catheter was kept open by a constant infu- = 
= Accepted for publication Dec 15, 1974. sion of saline and heparin solution via a pressure bag apparatus. E- 
From the Department of Surgery, University of Iowa Hospitals, Iowa Initially oxygen was administered via a humidifier and mask at 
a City. Dr. Gulesserian is presently in private practice in San Jose, Calif. 
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concentrations sufficient to keep the patient’s arterial oxygen 
pressure in the range of 90 to 100 mm Hg. More recently, this has 


been omitted occasionally without demonstrable ill effect to the _ 
_ patient. As soon as liver enzymes returned to preoperative levels, 
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Preoperative 4 S 


Operative Days 


"a Fig 1.—Median values of serum alkaline phosphatase after liga- 
= tion of hepatic artery. 


E patients were started on infusions of fluorouracil, 12 mg/kg/day, 
E using heparinized saline as the carrier. Constant infusion therapy 
_ was continued as long as possible, so long as there were no toxic 
a P elfects. Treatment usually was discontinued because of clotting 
a Skis the catheter, displacement of the catheter, or temporarily 
= because of drug toxicity. Drug toxicity was defined as the pres- 
S Aa ence of a white blood cell count below 4,000/cu mm, a platelet 
count lower than 100,000/cu mm, or the presence of severe nausea, 


a 
_ diarrhea, or stomatitis. 


Sh 


E- RESULTS 
. The median survival time of the 38 patients admitted to 
= this study, including two postoperative mortalities, is 13.3 
- months. The longest survival has been 44 months. Of the 
= eight patients still alive, the median survival time is 17 
months and ranges from 11 to 27 months. The average pa- 
-tient age was 59.5 years, ranging from 31 to 85 years. The 
~ primary tumor was located in the colon and rectum in 25 
S ES patients, and in the liver in five. Other primary sites were 
= the lung, ileum, gallbladder, endometrium, breast, and 
ovary. In two patients the primary tumor could not be 
= identified. Thirty-five patients had hepatic artery ligation 
= and infusion therapy while three patients had hepatic ar- 
tery ligation only. Liver function studies demonstrated 
marked postoperative elevations in alkaline phosphatase, 
~ serum glutamic oxaloacetic transaminase, and lactic dehy- 
drogenase. Maximum elevation usually occurred within 
three days. However, these changes were short-lived, and 
values returned to preoperative levels or lower usually 
within eight days (Fig 1 and 2). Thirteen patients did not 
receive postoperative oxygen therapy and five patients 
did not receive antibiotics. The average duration of the 
fluorouracil infusion was 45 days. 


COMMENT 


Despite earlier human and animal reports documenting 
a high mortality after ligation of the hepatic artery,‘ it 
a has been shown over recent years that this high mortality 
wg is not as inevitable as once thought. Dog experiments 
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Fig 2.—Median idee of serum glutamic oxaloacetic transami- 
nase (SGOT) after ligation of hepatic artery. 


have shown that the administration of antibiotics and hy- 
perbaric oxygen*’ markedly decreased mortality, and 
these measures have been applied to the human despite no 
clear proof of their necessity or efficacy. Indeed, Orloff et 
al have shown that human liver tissue and portal venous 
blood do not regularly contain pathogenic organisms.* As 
noted above, several of our patients received neither oxy- 
gen nor antibiotic therapy and we were unable to show 
any deleterious effects. 

Dearterialization of liver tumors is transient, however. 
In experimental animals, tumor circulation returns to pre- 
operative levels four to ten days after hepatic artery liga- 
tion’ and buds of viable tumor remain. Therefore, we 
added intra-arterial infusion of fluorouracil distal to the 
ligation as a possible means of dealing with this problem. 

Obviously the method of treatment herein described 
does not destroy all tumor within the liver. Patients con- 
tinue to die of their disease. However, we have shown that 
substantial palliation can be achieved by hepatic artery li- 
gation and cytotoxic infusions with minimal morbidity 
and mortality. 





Nonproprietary Name and 
Trademarks of Drug 


Fluorouracil—Efudex, Fluoroplex. 


Esther Hayden and Beverly Sakauye gathered data for this report. 


References ° 


1. Jaffe B, hadga W, Watson F, et al: Factors influencing 
survival in patients with untreated hepatic metastases. Surg 
Gynecol Obstet 127:1-11, 1968. 

2. Breedis C, Young 'G: The blood supply of neoplasms in the 
liver. Am J Pathol 30:969-985, 1954 

3. Gulesserian HP, Lawton RL, Condon RE: Hepatic peterr a 
gation and cytotoxic infusion in treatment of liver metas - 
a Surg 105:280-285, 1972. 

4. Graham RR, Cannell D: Accidental ligation of the hepatic ąr- 


| Liver Neoplasms/Zike et al 









alt rk 


ture. Be 7 Surg 20:566-579, 1 
5. Markowitz J , Rappaport A, Scott AC: Prevention of liver ne- 
crosis following ligation of the hepatic artery. Proc Soc Exp Biol 


| Med 10:305, 1 
‘ =- 6. Crook ‘IN, Cohn I: Antibiotics and hepatic artery ligation in 
germfree and conventional dogs. JAMA 214:343-346, 19 1970. 


= T. Karasewich EG, Bowden L: Hepatic artery injury. Surg 
Gynecol Obstet 124: 1057-1063, 1967. 


of one case with a a review of the cases in the litera- 


=f 


ERES 
PE Fa 


aae Ni rE 
4 boii ee 


8. Orloff MJ, Perkin GW, Ellis HL: A badteriologic study of hu- of hu- 
man portal blood: Implications regarding hepatic ischemia 
Ann Surg 148:738-746, 1958. 

9. Ackerman NB, Lein WM, Silverman NA: The blood supply of © 
experimental liver metastases: III. The effects of acute li aon of E. 
the hepatic n LAV 7 portal vein. Surgery 71:636-641, 1 

10. Nilsson LAV, Zettergren L: Effect of hepatic artery ligation k- 
on induced primary liver carcinoma in rats. Acta Path orome a 
Scand 71:187-193, 1967. 





43 


Discussion 


J. BRADLEY Aust, MD, San Antonio, Tex: My interest in this 
subject was stimulated in 1965 when Dr. Wangensteen gave me a 
paper submitted to Surgery by a Japanese pathologist named 
Mori. He desired that I put the paper into publishable English. It 
was a case report of a patient who had multiorgan resection for 
carcinoma of the stomach metastatic to the liver. 

In the course of the resection, the hepatic artery was inadver- 
tently severed. In the words of the author, “The most remarkable 
finding was the unfortunate sequelae of end-to-side anastomosis 
of the common hepatic and superior mesenteric arteries which re- 
sulted in almost complete obstruction of both.” 

Now the pathologist had the operative specimen of the left lobe 

s of the liver with microscopically healthy and viable tumor to com- 
pare with the autopsy liver 30 hours later, which showed severe 
necrosis of all liver metastasis in the face of a normal-appearing 
surrounding liver parenchyma. He suggested hepatic artery liga- 
tion followed by chemotherapy by infusion as a possible appli- 
cation of this observation. 

There is no question that we surgeons have exaggerated the 
lethality and danger of hepatic necrosis following ligation of the 
hepatic artery. 

This study, as well as current experience by Fortner in New 
York and Sparks in Los Angeles, have shown the relative safety 
of this procedure. 

Numerous studies show that hepatic artery infusion for meta- 
static colon cancer with fluorouracil is associated with a 55% re- 
sponse rate. What does this mean? The indexes for measuring re- 
sponse are very soft data. We have the impression that a six- 
month response adds six months to survival, but controls are diffi- 
cult to come by. 
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In a current Central Oncology Group study, we are comparing © a 
the response of patients treated with systemic fluorouracil versus 
fluorouracil hepatic artery infusion in a prospective, randomized 
study of colon cancer metastases. Thus far, the 50% survival time 
for both groups rests between 30 to 35 weeks, ie, seven to eight | 
months, with as yet no substantial difference between the two 
groups. S 

If Dr. Zike’s study holds up, I believe his survival time of 13.3 
months suggests that this approach has more to offer than any a 3 
other currently available. Gae 
Rosert C. Lim, JR., MD, San Francisco: I rise to congratulate the 
authors in bringing this very important form of therapy to our ate) e 
tention. We have been interested in hepatic artery ligation, but S 
from a different point of view. We have utilized this method in 
managing hemorrhage from liver and trauma. Also, we have been 
interested in this form of therapy for liver tumors ever since the 
initial report by Lars Neilsen of Sweden, which was published in 
Surgery. "a 

As noted by Dr. Neilsen, the blood supply to primary and sec- 
ondary liver tumors is different. In the selection of patients for 
hepatic artery ligation, did the authors utilize angiography to de- 
fine the blood supply to these tumors? Can the authors make any . 
comment as to the response of this therapy to the two groups; 
namely, primary liver tumor and secondary liver tumor? stp 4 

Dr. ZIFFREN: I want to thank Dr. Aust for his kind remarks and, 
in answer to Dr. Lim, we do angiography on all of the patients. __ 
We have not really distinguished between the primary and sec- 


. e ; -{* ~ 
ondary tumors. Our longest survivor had a primary tumor of the 
liver. 3 
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Central Venous Catheters 


Verne L. Hoshal, Jr., MD 


Long-term indwelling central venous catheters inserted peripher- 
ally for total intravenous nutrition have been complicated by throm- 
bophlebitis in most instances. However, experiences with silicone 
elastomer catheters used in this manner have not been previously re- 
ported. In this investigation a crank introducer unit has been devel- 
oped that has allowed 61-cm silicone elastomer catheters to be 
placed in the superior vena cava with insertion in the basilic or ceph- 
alic vein. Thirty-five patients (36 catheter placements) received total 
intravenous nutrition exclusively via these silicone elastomer cathe- 
ters. The mean time indwelling was 20.4 days (range, four to 56 
days). Thirty of the 36 catheters were removed when total intra- 
venous nutrition was discontinued. Only six catheters were removed 


for nonvenous and venous reactions. These results have shown the 


‘a safety and efficacy of peripherally inserted silicone elastomer central 
= venous catheters. 


nitial and continued experiences with long-term in- 
dwelling central venous plastic catheters inserted in 


a _ peripheral veins have shown thrombophlebitis, catheter 
sepsis, and other mechanical devastating problems.’* As a 


consequence, the introduction of central venous catheters 
for total intravenous nutrition has usually been via the 
subclavian or jugular veins to minimize the complications 


_ of thrombophlebitis and catheter sepsis. Although silicone 


elastomer catheters have recently become more preferred 


for central venous catheterization, studies with these 


catheters inserted peripherally into central veins have not 


been previously reported. A suitable device for peripheral 





advancement of this soft flexible catheter into a central 
= vein has not been available. In this investigation, a crank 


introducer unit has been developed that has allowed 61-cm 


silicone elastomer catheters to be placed in the superior 


vena cava with insertion in the basilic or cephalic vein. 
This prospective study of peripherally inserted silicone 
elastomer central venous catheters has been achieved by 
utilizing this new and unique device. 


MATERIALS AND METHODS 
Crank Introducer Unit 


This device (Fig 1) is a 61-cm long 14-gauge radiopaque silicone 
elastomer catheter with wire stylet coiled and enclosed within a 
drum. The catheter is directed and advanced into a vein through a 
slotted needle attached to the drum by cranking the drum. The 
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unit completely disassembles, enabling the catheter with wire sty- 
let to be removed from the drum and slotted needle 


Total Intravenous Nutrition Protocol 


Catheters are inserted under sterile conditions in either the bas- 
ilic or cephalic vein, attempting to avoid any previously punctured 
vein. Powderless gloves are preferred, as foreign material such as 
tale can elicit a “sterile thrombophlebitis.”*’ The skin at the cath- 
eterization site is prepared by defatting with acetone and scrubb- 
ing with an iodine-containing cleansing solution. Successful 
needle venipuncture with the crank introducer unit is indicated by 
blood appearing along the slot of the needle. Slow deliberate 
cranking of the drum allows a smooth advancement of the cathe- 
ter. Slight reverse cranking and then forward cranking usually 
remedies any resistance encountered during the advancement of 
the catheter. The drum top is snapped off when the catheter is 
fully advanced. The catheter with wire stylet is lifted out of the 
slotted needle simultaneously as the needle is removed from the 
vein (Fig 2). The wire stylet is slowly withdrawn from the cathe- 
ter. Final adjustment of the approximate catheter tip location is 
made by using the wire stylet in estimating the distance from 
skin puncture to the catheter tip. The catheter is secured by tap- 
ing to the skin. The catheter site is painted with a povidone-iodine 
solution and covered by a 4x 4-gauze and fluff roller gauze wrap. 
The catheter tip location is confirmed by a chest roentgenogram. 

The infusion catheter is used exclusively for total intravenous 
nutrition by standard techniques defined by Dudrick et al.* Other 
uses of this central venous catheter, such as central venous pres- 
sure monitoring and administration of blood products, antibiotics, 
and other medications, are emphatically forbidden. Intravenous 
administration tubing is changed daily. Three times weekly the 
catheter site is painted again with a povidine-iodine solution and 
redressed as before. 

The total intravenous nutrition solutions are prepared no longer 
than 12 hours before anticipated use by the hospital pharmacy in a 
clean room under a laminar-flow hood. All additives ordered are 
made by the pharmacy. All solutions are refrigerated on the nurs- 
ing floor until ready for infusion. No solutions are infused if hang- 
ing for more than 12 hours or if prepared more than 24 hours pre- 
viously. A strict program for bacterial surveillance of intravenous 
admixtures is conducted at our hospital continuously.® 


Patient Classification 


Thirty-five patients received exclusively total intravenous nu? , 


trition through peripherally inserted silicone elastomer central 
venous catheters. The mean age was 35 years (range, 17 to 78 
years). Sixty-three percent of the patients were being treated for 
concomitant infections or had new infections develop while receiv- 
ing total intravenous nutrition. Patient conditions were classified 
as follows: inflammatory bowel disease, 23 (14 operative: seven pb- 
structive granulomatous entercolitis, four intractable chronic 
ulcerative colitis, and three granulomatous enterocolitis with 
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Fig 1.—Crank introducer unit. 


enterocutaneous fistula; nine nonoperative: five granulomatous en- 
terocolitis and four chronic ulcerative colitis); trauma, four (liver 
laceration and subphrenic abscess; partial pancreatectomy and 
fistula; gunshot wound of colon and ileum; and massive retroperi- 
toneal hematoma with prolonged ileus); anastomotic leakage with 
enterocutaneous fitula, three (esophagectomy; Billroth II; and ileo- 
prostostomy); head and neck surgery, two (laryngectomy wound 
breakdown; mandibulectomy and radical neck dissection infec- 
tion); chemotherapy, two; and anorexia nervosa, one. Fourteen 
patients undergoing surgery for inflammatory bowel disease 
received total intravenous nutrition preoperatively and postopera- 
tively through the same catheter. There was no mortality during 
the total intravenous nutrition infusions. 


Catheters 


Thirty-six catheters were inserted (34 percutaneously and two 
by phlebotomy) in 35 patients for a total of 730 patient therapy 
days. Mean indwelling time was 20.4 days; median, 17 days; and 
range, four to 56 days. All catheters were maintained by the same 
physician (V. L. H.). 

The central venous catheter is always suspect during any septic 
episode. Total intravenous nutrition solutions are temporarily dis- 
continued if a fever of 1.3 C (2.4 F) (orally) or higher develops. If a 
cause other than the catheter is not identified, the catheter is re- 
moved after obtaining blood cultures via the catheter and from 
another site. The tip of the catheter is cultured aerobically and 
anaerobically. In addition, the entire intravenous system (solution 
and administration tubing) is cultured. 

Venous and nonvenous complications wére assessed according 
to a classification recommended by Jones and Craig. Small areas 
of such reaction were soaked with warm compresses and carefully 


observed. The catheters were removed and the tips cultured aer- 








obically and anaerobically if the nonvenous and venous reactions 
were initially extensive. They were similarly removed if minimal 
reactions did not stabilize or resolve with soaking. 


RESULTS 
Catheter Insertion Complications 


Twelve minor insertion complications occurred in ten 
patients. More than one venipuncture was necessary in 
seven catheterizations. Improper catheter tip position in 
five catheterizations required further withdrawal adjust- 
ment. 


Catheter Indwelling Complications 


Thirty of the 36 catheters were removed because they 
were no longer needed. Six of 36 catheters were removed 
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Fig 2.—Silicone elastomer catheter with wire stylet is advanced A 
and is being removed from drum and slotted needle. 


because nonvenous and venous reactions were extensive ' 
or worsening. = 
One patient with basilic vein catheterization dramati- 
cally developed a severe nonvenous reaction (swelling y 
with pain and tenderness in area of puncture site) within 
five days in both antecubital fossae. She had no tempera- ke 4 
ture elevation or leukocytosis. Cultures of the catheter __ 
tips were negative. a E 
Two patients had the catheter tip located in the axillary 
vein. Each developed venous reactions (thrombophlebitis: 
tenderness, induration, and red streaking along the vein B 
accompanied by surrounding edema). One catheter tip was 
inadvertently withdrawn too far after insertion in the 
basilic vein but left in place. A venous reaction was evi- i S 
dent in this patient’s axilla; the upper part of her arm, and 
supraclavicular fossa four days later and the catheter was 
removed. A catheter tip culture was negative. The other 
improperly positioned catheter was not successfully ad- 
vanced via the cephalic vein because the subclavian vein 
was partially thrombosed by previous subclavian vein È 
catheters. The catheter turned retrograde down the ax- 
illary vein to the proximal part of the arm. A venous reac- 
tion on the inside of her arm prompted removal of the 
catheter eight days after insertion. A culture of the tip 
was negative. Both of these patients had fever and mild 
leukocytosis before and during their catheterization sec- ij 
ondary to identifiable causes other than the catheter, 
Two of eight nonvenous and venous reactions progres- n 
sively worsened, despite warm soaks. Catheters were re- 
moved from the basilic and cephalic vein at five and six | 
days, respectively, for venous reactions. Both catheter tip rv = 
cultures were negative. These two catheters had been in- mt 
serted in previously punctured veins. Neither patient had — 
fever or leukocytosis. 


eai Th — 
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COMMENT 


Stewart and Sanislow,’ in reporting their excellent re- 
sults with silicone elastomer catheters, concluded that this 
type of catheter closely approached the “ideal intravenous t | 
catheter.” - 4 

Silicone elastomer catheters possess flexibility (no “tip — 
phlebitis,” no superior vena cava or atrial perforation, de- 4 
creased damage to intima during insertion, and reduced 


“piston action” at puncture site), minimal thrombogen- Fe i 
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icity," tissue compatability, and radiopacity. However, the 
difficulties of inserting intravenously such a flexible cathe- 
ter is the major obstacle to its widespread utilization. The 
problem is basically mechanical. 

The crank introducer unit described in this article is 
revolutionary in that it now allows simple and reliable in- 
sertion of a silicone elastomer catheter peripherally (ie, 
antecubital fossa) and advancement into a central vein. A 
study such as this is possible by the development of this 


= unique device. 


To insure minimal thrombogenicity of silicone elas- 
tomer catheters, it is imperative to keep the catheter 
scrupulously clean before and during its insertion. The 
affinity of silicone elastomer for particulate matter is 
profound. Powderless gloves (or well rinsed) must be used 
if a foreign body response and possible venous reactions 
are to be avoided. Our studies in dogs and patients” reveal 
dramatic fibrin sleeve formation on silicone elastomer 
catheters if powder or other particulate matter adhere to 
the catheters. 

Significantly, none of the silicone elastomer catheters 
were removed for catheter sepsis despite 63% of the pa- 
tients being septic before or during total intravenous nu- 
trition infusions. All six catheters removed for nonvenous 


and venous reactions had no growth on tip culture. The 


two catheters with tip placement in the axillary vein were 


S _ not truly central venous catheters and predictably devel- 
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= such as particulate matter (ie, glove powder) adhering to 


oped thrombophlebitis. In this situation the hyperosmolar 
total intravenous nutrition solution was delivered through 


_ the catheter tip into a small-caliber vessel, which most as- 


suredly explained the venous reaction. 

The patient who developed nonvenous reactions at five 
days in both antecubital fossae has remained an enigma. 
Both of these reactions were identical in appearance and 


A timing. Even a patch test with silicone elastomer subse- 


quently performed was negative, as might be anticipated. 


The remaining two catheter venous reactions conceiv- 


ably could be secondary to a break in insertion technique, 


the silicone elastomer catheter. Aggravation of previous 
venous damage may have also been responsible, since both 
of these catheters were inserted in previously punctured 
veins. Regardless, warm compresses did not reverse the 
process of “sterile thrombophlebitis” as they did in six 
other instances of similar venous and nonvenous reac- 


tions. 


The results of this study reemphasize the importance of 
catheter care and insertion. Strict adherence to estab- 
lished adequate protocol is mandatory.'* Meticulous sterile 
technique of catheter insertion atraumatically into previ- 
ously nonpunctured veins is essential.*"*"* Foreign par- 
ticulate matter adhering to the catheter risks a greater 
incidence of complications.’ Catheter tip placement in 


f a central vein with a catheter flexible enough to truly 


float by laminar flow is required to insure rapid dilution of 


_ the hyperosmolar fluid. Total intravenous nutrition proto- 


col assures greater safety during infusion. 
The results of this study with peripherally inserted sili- 
cone elastomer central venous catheters provide a singular 
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major advantage: a suitable alternative to conventional ° 
central venous catheterization is available. This technique 
allows safer catheterization in high-risk situations such as 
patients with tracheostomies, neck fistulas and infections, 
extensive carcinoma of the neck, deformed neck and bony 
structures, and with emphysematous patients who have 
thin necks or who are emaciated. For the physician with 
limited or no central venous catheterization experience, 
this silicone elastomer catheter crank introduced unit pro- 
vides a reliable and relatively safe central venous cathe- 
ter. 


The crank introducer unit used in this investigation was developed and 
provided by Vicra Division, Travenol Laboratories, Dallas. 
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s Discussion 


Dr. HosHAL: I would only reemphasize that the major advan- 
tage of this technique of central venous catheterization is that it 
does give us a suitable alternative in those patients in whom it 
would be hazardous to go to the base of the neck and place a cen- 
tral venous catheter. Thus, we do have a new central venous cathe- 
terization technique for total intravenous nutrition. 
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Posterior Resection 


of Selected Rectal Tumors 


William Klingensmith, MD; Walter E. Dickinson, MD; Robert S. Hays, MD 


Villous adenoma is an unusual tumor of the colon, occurring 
largely in the rectum, that can usually be cured by adequate local ex- 
cision. Over a five-year period, seven patients with villous adenoma 
of the retroperitoneal rectum and one poor-risk patient with adeno- 
carcinoma were treated by posterior local excision of the tumor. All 
of them had large tumors with a wide base of attachment. Their aver- 
age age was 67 years and they have been observed for an average of 
36 months. There were no deaths and no substantial complications 
except a fecal fistula in one patient that required a temporary colos- 
tomy. One patient had a local recurrence of the benign villous ade- 
noma after 47 months. The technique of posterior resection is 
simple and well tolerated. Posterior resection should not be used for 
adenocarcinoma of the rectum of a more radical procedure is pos- 
sible. 


hen Kraske' first advocated posterior resection of the 
rectum for carcinoma in 1885, it was an improve- 
ment over the methods of treatment then available. Be- 
cause local resection was used for adenocarcinoma, and 
often for advanced adenocarcinoma, the immediate prob- 
lems were severe; the formation of fistula was seen in the 
majority of patients, and recurrence of the tumor was to 
be expected. With knowledge of the combined abdominal 
and perineal resection of the rectum in 1908, the Kraske 
operation for cancer was abandoned, and the abdomi- 
noperineal resection became and remains the standard of 
the surgical world. In the past few years, however, the use 
of a combined anterior and transcoccygeal approach that 
allows radical resection of the rectum and tumor but pre- 
_ gerves the sphincter has been described by Best and Ras- 
* mussen,? Donaldson et al,’ Localio,* Corman,’ and others. 
These techniques hold promise for the future. 
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The problem of adequate removal of benign or less ag- 
gressive tumors of the rectum remains. Most of these tu- 
mors are pedunculated polyps that may reach a consid- 
erable size, but have a relatively thin stalk that can be 
seen and surgically divided through the proctoscope (Fig 
1). Biopsy examination of the attachment and control of 
bleeding are not difficult. Villous adenoma, a more aggres- 
sive and less common tumor, presents a different problem. 
It is attached to the rectal wall by a short, broad, vascular 
base that is obscured by the soft, fleshy mass of the over- 
lying tumor (Fig 2). A meaningful biopsy examination in 
or near this base is not often possible. Occasionally a 
small, low-lying villous adenoma can be everted and re- 


Fig 1.—Adenomatous polyps of rectum with long stalk and small 
area of attachment. 
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Fig 2. —~Villous adenoma of rectum with broad base and wide area 

of atachment 
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E _ moved in one piece through the anus, but usually the time- 

Eg honored method of snare and cautery removes only a piece 
i = at: a time and may have to be done repeatedly. The malig- 

a E nant state or potential of villous adenoma is recognized, 

but often is not diagnosable by peripheral biopsy exami- 

nation. Review of large series of cases by Wheat and Ack- 

erman, Sunderland and Binkley,’ Turell and Haller, and 

| ~ Nicoloff et al’ suggests that these tumors can be cured by 

= Adequate local excision. 




































= ide PATIENTS AND METHODS | 


Be Over a five-year period we have seen and personally cared for 

eight patients with rectal tumors that were removed by the poste- | ) 
rior approach (Table). The average age of these patients was 67 Fig 4.—Position on operating table. 

at y rears, the youngest being 45 and the oldest 86. Seven patients had 

ae large villous adenomas and one patient had adenocarcinoma of the | 


4 = 
« 


. Three of these adenomas showed carcinoma in situ and 
ur were benign. The level of the tumors varied from 3 to 10 cm 
CA the pectinate line (Fig 3). Six of these patients had other 
-substantial medical problems. Average follow-up has been 36 

_ months and there has been one local recurrence at the end of 47 
a ‘months. This patient (patient 6) has far-advanced pulmonary em- 
-~ physema and arteriosclerotic heart disease with uncontrollable 
atrial fibrillation and cor pulmonale. He was seen in the hospital 
with an acute myocardial infarction, and at that time the small re- 
current tumor was discovered. This was his fifth admission for 
= neart failure since surgery. 

_ Thesingle patient with adenocarcinoma requires comment. This 
| T E eiii man was a severe diabetic of long standing with de- 
ing arthritis and a recent myocardial infarction. He was be- 
el lieved to be a poor candidate for combined abdominoperineal re- Fig 5.—Location of posterior incision from just above anus to ~ eg 
a wide local excision was done through the posterior Midsacrum. m ) 
ach. In the postoperative period, a fecal fistula developed | i Ean E 
as treated with a proximal colostomy. The fistula closed TECHNIQUE As ee 


j P aa 


y E at natane ay: and the colostomy was later closed. This patient l A izh ‘ 
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-died two years later of heart disease without ee local or distal The bowel is prepared as for colon resection. ‘Thorou 


i evidence of the rectal tumor. iine ee emptying of the rectum and pare is seg 


















































Patient Medical ‘ Follow- 
No. Age,yr Sex Diagnosis Level, cm Conditions Complications Up, mo Status 
y 68 F Villous 5 Obesity, carcinoma None 43 Alive and well, . 


of breast 
Abdominal 


adenoma 


Villous 
adenoma 


Clinical Data 


Associated 


aneurysm, graft 


no disease 


Alive and well 
no disease 


Postoperative 18 


bleeding 








3 75 F Villous 8 Obesity, severe None 39 Alive and well, | 
adenoma arthritis no disease Ae 
72 F Villous 8 None None 54 Alive and well, 
adenoma no disease 
5 86 F Villous 9 None None 48 Alivesand well, 
adenoma no disease B ~. 
6 69 M Villous 10 Heart failure, None 47 Local recurrence at — ka r. 
adenoma emphysema, 47 mo ay 
cor pulmonale, ay 
obesity 
45 M Villous 10 Diarrhea, None 12 Alive and well, — 
adenoma diabetes nordisease aD. 
Adeno- Arteriosclerotic heart Fistula, 24 Died of heart disease, f 
carcinoma disease, recent colostomy no recurrence : 





arthritis 


The patient is placed in the right lateral decubitus posi- 
tion on the table with the left hip and knee flexed (Fig 4). 
A midline incision is used from just above the anus to well 
up on the sacrum (Fig 5). The coccyx and lower two or 
three sacral segments are removed and the midsacral ar- 
tery ligated. Using sharp and blunt dissection, the entire 
posterior and lateral walls of the rectum are thoroughly 
mobilized to facilitate exposure and delivery of the tumor 
and to determine the site of attachment of the adenoma. 
The dissection can be carried well up into the hollow of the 
sacrum, allowing delivery of that portion of the rectum 
into the wound. After this thorough mobilization, which is 


-= most important, the rectum is opened longitudinally and 


the tumor delivered. The tumor and adjacent rectal wall 
are then excised and closed in layers. The proctotomy inci- 
sion is closed, and the wound irrigated and closed. Drains 
are left in the wound for 24 hours. 


COMMENT 


Villous adenoma of the rectum, although not common, 
has attracted attention because of the difficulty that the 
surgical treatment presents. Schapiro™ reported 165 pa- 


= tients with villous adenoma largely, as is the rule, oc- 





curring in the rectum or rectosigmoid; and most of these 
adenomas were removed by local excision through the 
proctoscope. Bacon and Eisenberg": reviewed the records 


_ of 261 patients with villous adenoma, 194 of whom were 


treated by snare and cautery and half by radical resection. 
McCabe et al,” in a recent study of 169 patients with vil- 
lous adenoma, concluded that these benign lesions and 
those showing noninvasive carcinoma could be adequately 
treated by local resective procedures. They believed that it 


was important to remove the entire lesion for adequate 


- diagnosis and they concluded that, despite the relatively 
frequent association of carcinoma and villous tumor, the 
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myocardial infarction, 
diabetes, severe 





natural history is quite different from that of primary — 
adenocarcinoma. Hanley et al" reported a series of 217 pa- _ a 
tients with villous tumor, 90% palpable or within reach of 
the standard proctoscope; most of these were treated — ne g 
through the proctoscope and the remainder by resection. 
Orringer and Eggleston found 65 patients with villous _ 
adenoma treated at the Johns Hopkins Hospital during a ii 
15-year period. They concluded that preoperative biopsy 
findings were inaccurate in 30% of the patients, that com- — 
plete excision was necessary for diagnosis of malignancy, — FS 
and that local excision was satisfactory therapy if no inva- — 
sive carcinoma was present. Essentially the same ba 
sions were reached by Evans et al’ at the Roswell Park © 
Hospital and Ramirez et al’ at the Mayo Clinic, although 
Ramirez et al report the initial biopsy findings to be cor 
rect in 93% of the 205 cases treated by local excision that 
they presented. Liechty and Raterman,” in a review of 70 
patients with villous adenoma, onada that conserva- ‘a 
tive excision is the treatment of choice. S 
Villous adenoma is not a common tumor and occurs in 
older individuals of either sex, usually in the rectum or 
lower part of the sigmoid colon. Sunderland and Binkley” 
reviewed 3,856 tumors of the large intestine seen at the 
Memorial Hospital during a 2l-year period and found 48 — N 
villous adenomas, an incidence of 1.4%, with the average jrr 
age of the patients being 63 years. Most of these patient s 
were treated with snare and cautery and the remair 5 
by various resective procedures. Dreese et al re 
seeing 23 patients with villous adenoma of the re 
over a 26-year period. Wheat and Ackerman’ were able t 
review 44 patients with villous adenoma of the rectum or __ 
sigmoid colon over a span of 45 years. They concluded 
from their review that those patients treated by initial - 
adequate local excision had a much better result than — 
those treated by other methods. Turell and Haller, ina — 
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E collective review of the malignant potential of colorectal 
= adenomas, concluded that adequate local excision of vil- 
__ lous adenomas was usually curative. 


Most of these reports reviewed rely on removal through 
the proctoscope with snare and cautery for smaller tumors 
and radical resective procedures including abdomi- 
noperineal resection for larger or more aggressive tumors. 


Bevan” again described a posterior approach for rectal tu- 


mors in 1917, and David” reported transsphincteric re- 
moval of polyps in 1925 and 1943. This latter technique of 
division of the sphincter with posterior proctostomy has 


= been used more recently by Oh and Kark.” 


In 1951, Crowley and Davis” described a technique of 


a total biopsy examination of polypoid growths of the rec- 


tum utilizing an approach similar to the Kraske procedure, 


= and pointed out that this operation of total excision was 
_ ideal for older patients and was curative in many pa- 
_ tients. Lockwood and Taylor” again described the tech- 
nique in 1956, and at that time Miller” reported on his ex- 
= perienee with two patients with villous adenoma removed 
al through the Kraske approach. More recently, Wilson and 


Gordon” have described 13 patients with villous adenoma 


al of the rectum removed by the Kraske approach with good 
- immediate and long-term results. 


It is emphasized that this presentation deals with se- 
lected rectal tumors, all villous adenomas with a single ex- 
ception. The procedure is, we think, ideal for excision of 
villous adenoma because most of these tumors, despite 
their malignant potential and tendency to reoccur after 
removal with snare and cautery, can be effectively cured 


= by this direct approach of wide excision without sacrifice 
of the rectum. Most of these tumors occur in the rectum 








= and are palpable or visible with a proctoscope so that the 


area can be observed postoperatively with little difficulty 


_ for as long as necessary. Review of several large series of 


villous adenomas of the rectum would indicate that such a 


= cure with wide and accurate local excision is the rule. Also, 
_ this tumor occurs in older patients, the average age in this 
_ group being 67 years. Many of these patients have serious 


concomitant medical problems besides those of obesity 
and age, and the posterior approach through the bed of 
the coccyx does not disturb them. Occasionally a tempo- 
rary colostomy may be necessary if fecal fistula develops, 


_ but it is reported from other groups of patients that some 


of these close without the necessity of a colostomy. 

The single case of adenocarcinoma of the rectum pre- 
sented here deserves some comment, since this is the orig- 
inal Kraske procedure that gave such poor results for car- 
cinoma almost 100 years ago. This patient, again, was 
highly selected. He had a rather small malignant neo- 
plasm but associated severe diabetes, deforming arthritis, 
and a recent myocardial infarction. When he died two 
years later of heart disease, there was no evidence of the 
tumor. This is the only patient during the five-year period 


= of this report in whom we chose not to use a combined re- 
-= section; but the result was satisfactory and, if a similar 
= circumstance develops, we would be inclined to consider a 
= posterior, local resection for such a patient. It is also pos- 


sible to do a complete sleeve resection of the rectum 
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through this approach. From our experience, the posterior 
approach is suitable for villous adenoma of the retroperi- 
toneal rectum and perhaps for an occasional poor-risk pa- 
tient with rectal carcinoma. - 
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Discussion 


H. EARL GORDON, MD, Los Angeles: I want to commend Dr. 
Klingensmith and his colleagues for focusing attention on an im- 
portant procedure, but one that has unfortunately achieved some- 
what limited acceptance. 

Our experience at the Veterans Administration Wadsworth 
Hospital in Los Angeles encompasses 20 patients who have been 
observed now from five to 15 years. 

As reported by the authors, we have been very gratified by the 
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results that we have achieved. If a villous adenoma is located 
above the peritoneal reflection, of course, it should be removed by 
the abdominal approach. When the lesion occurs in the distal part 
of the rectum, complete excision can usually be accomplished by 
prolapsing the tumor and the mucosa through the anus. When 
they occur in the middle and upper parts of the rectum, however, 
they are best removed by posterior proctotomy. This is par- 
ticularly true if the villous tumors are large with a broad base. 

This method provides good exposure for total excision, which is 
certainly necessary if we are to reduce the incidence of recur- 
rence. In our experience it is a curative procedure, even though 
noninvasive carcinoma may be present. Moreover, it provides a 
complete specimen for careful microscopical studies. Occasionally 
the permanent section may show the presence of an invasive car- 
cinoma, in which case a subsequent abdominal perineal resection 
may be required. Personally, I would rather accept this risk than 
to perform a more radical operation for a benign villous adenoma. 

The indication for operation in 13 of our 20 patients was the 
presence of a villous adenoma. There were no recurrences, includ- 
ing those with a noninvasive carcinoma. This operation is also use- 
ful for other benign lesions, particularly large adenomatous 
polyps, and we have also used it for two rectal strictures. 

As Dr. Klingensmith has mentioned, if necessary, a segmental 
resection can be performed by this approach as was required in 
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the two patients who had rectal strictures, and another patient 


who had a circumferential villous adenonia. 
Although our series also included one patient with a polypoid 


adenocarcinoma who refused an abdominal perineal resection, it 


should be emphasized that this approach alone should not be em- 
ployed as a curative operation for invasive cancer. 

As indicated by the authors, a proctocutaneous fistula is one of 
the troublesome complications. This occurred in four of our pa- 
tients. Three of these healed within three weeks. The fourth pa- 
tient required a temporary diverting sigmoid colostomy. 

This excellent paper adds further support for the Kraske 
approach in the management of selected benign lesions of the 
rectum. 

Dr. DICKINSON: We appreciate your kind comments. We have 
added one more case to this series since we submitted this manu- 
script, one done last Monday morning. The tumor was at the 10- 
em level. I measured the base of the tumor and its attachment to 
the rectal wall and it was 5 cm in greatest dimension, again sup- 
porting the contention that an adequate assessment and treat- 
ment of the base through the proctoscope in many of these large 
villous adenomas is virtually impossible. 

We are looking for the occasion on which we can perhaps use a 
combined abdominal posterior approach. We have not performed 
that yet, but are anxious to try it. 
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Metabolic Intestinal Surgery 


Its Complications and Management 
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From November 1970 to August 1974 small intestinal bypass was 
$ f performed in 475 patients for morbid obesity with an operative mor- 
tality of 1.6%. Immediate postoperative complications were super- 
_ ficial wound infection (17 patients), pulmonary complications (seven 
patients), cardiac complications (five patients), wound dehiscence 
(nine patients), intestinal tract fistula (four patients), and mis- 
_ cellaneous complications (14 patients). Delayed complications in- 
a cluded hypokalemia (28%), hypocalcemia (9%), anemia (11%), cal- 
4 cium oxalate urinary calculi (6%), gout (2%), and hepatic failure 
a. 4%). Fourteen patients died of late complications. Ventral inci- 

+ | sional hernia occurred in 3% of the patients; failure to lose sufficient 
Re poe in 21%, all but one occurring in patients with end-to-side 
= shunts. Thirteen end-to-side shunts have been converted to end-to- 
2 end shunts because of insufficient weight loss. A team concept is im- 
portant i in the handling of the morbidly obese. Small bowel bypass is 
effective i in producing sustained weight reduction in these patients. 
Careful and continued study of these patients for the rest of their 
2 lives is of paramount importance. 


j: 
$ IE 
“% 


wa pe continues to increase in surgical procedures 
= À designed to aid the morbidly obese. These procedures 
~ should produce a controlled state of reduced absorption 
that is compatible with good health and sustained reduc- 
= tion of weight at normal or near-normal level. Since the 
= first operation by us in 1970, we have performed metabolic 
intestinal surgery on 475 patients. All patients had jeju- 
= nal-ileal bypass; 273 patients had end-to-side shunts,’ 
= using 35.6 em of jejunum and 10.2 em of ileum; 202 pa- 
~ tients had end-to-end shunts,’ using 30.5 em of jejunum 
anid 20.3 em of ileum. 

Patients accepted for operation met the following crite- 
= ria: (1) obesity of more than 56.5 kg (125 lb) above normal 
_ of greater duration than seven years; (2) failure to lose 
= weight and sustain weight loss by nonoperative methods; 
and (8) absence of demonstrable endogenous causes for 
= obesity. 
= Thirty-one percent of patients had associated diseases 
= that could be anticipated to be cured or improved by re- 
= turning to normal or near-normal weights. These included 
_ diabetes mellitus, hypercholesterolemia, hyperlipemia, 


ae Accepted for publication Dec 27, 1974. 
From the Surgical Service, St. Louis University Hospitals, St. Louis Uni- 
= versity School of Medicine. 
a Read before the 82nd annual meeting of the Western Surgical Associa- 
= tion, San Francisco, Nov 23, 1974. 

Reprint requests to Department of Surgery, St. Louis University School 
= of Medicine, Firmin Desloge Hospital, 1325 S Grand Blvd, St. Louis, MO 
= 63104 (Dr. Starkloff). 
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hiatus hernia, hypertension, sterility secondary to anovu- 
lation, and Pickwickian syndrome. 

Most patients will develop some complication after 
small bowel bypass. The incidence of complications and 
our method of management form the basis of this report.’ 


| 
POSTOPERATIVE COMPLICATIONS 


Diarrhea 


Ninety-eight percent of 375 patients interviewed had 
diarrhea. The eight patients who did not have it had un- 
dergone end-to-side shunts, were not losing weight, and 
could be shown by barium roentgenographic studies to 
have reflux for 0.6 to 1.2 meters proximal to the bypassed 
loop. No patient with an end-to-end anastomosis failed to 
develop diarrhea. The diarrhea varied in severity and was 
precipitated in the early (six to nine months) postopera- 
tive period by the ingestion of fats and foods high in lac- 
tose. By the time one year to 18 months had passed after 
operation, 87% of 300 patients interviewed were able to 
eat a general diet without fat restriction. Since these pa- 
tients have a rapid gastrointestinal tract transit time— 
usually 30 minutes transit time of barium from stomach to 
cecum—overindulgence in fluid intake is an important 
cause of diarrhea. When diarrhea occurs, it is recom- 
mended that fluids be restricted to 1,000 to 1,200 ml per 
24 hours. Fluids should be taken between meals. When 
diarrhea is severe and consists of more than eight stools 
daily, controls can usually be obtained with 5 mg of di- 
phenoxylate hydrochloride taken four times daily or 30 mg 
of codeine sulfate taken every four hours. Oral adminis- 
tration of antibiotics, particularly penicillin products and 
colchicine, is frequently the cause of severe diarrhea. 


Hypokalemia 


Hypokalemia is the most frequent electrolyte deficit 
seen in the postoperative bypass patient. Potassium defi- 
ciency occurred in 28% of 300 patients studied during the 
first postoperative year, and 16% of these required hospi- 


talization and correction of deficits by the intravenous ad-° e 


ministration of potassium. Usually hypokalemia was at- 
tributable to excessive diarrhea, vomiting, decrease of 
food intake, or reluctance to take prescribed oral supple- 
ments. But in 5% (15 patients) there was no clear reason 
for the sudden development of severe hypokalemia. Potas- 
sium deficit produces a syndrome that we have learned to 
recognize: profound generalized weakness and lassitude, 
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‘muscle pain and cramps, anorexia, nausea, and vomiting. 

When this syndrome is present, patients are hospitalized 

~ and treated vigorously with intravenously administered 

k potassium chloride until serum potassium values are re- 

_ stored to normal. Oral administration of potassium is then 

used. We consider serum potassium values below 3.5 

mEq/liter to be an indication for the oral administration 

of potassium. This is done on an outpatient basis. While 

some degree of potassium deficit will occur in about one 

third of the patients after intestinal bypass, it should be 

stressed that severe degrees of hypokalemia should be an- 

ticipated in uncooperative patients who do not follow die- 

~ tary or fluid restrictions and develop uncontrolled 

diarrhea. We have had one death of such a patient who 

| died of cardiac dysfunction, apparently secondary to hy- 

pokalemia. Hypokalemia occurs most frequently (90% in 

this series) in the first 18 months after operation and is 
rarely encountered after the second year. 





Hypocalcemia and Hypomagnesemia 


| Hypocalcemia occurred in 9% (36) of 400 patients stud- 

ied. In these patients muscle cramps, carpopedal spasms, 
tingling of the extremities, and perioral tingling were the 
initial symptoms. All patients with low serum calcium val- 
ues had low serum magnesium values (the average serum 
magnesium value in hypocalcemia was 0.9 to 1.2 mg/100 
ml). Twelve of these patients were hospitalized and 
treated by the administration of intravenously adminis- 
tered gluconate calcium and orally administered calcium 
carbonate. Calcium carbonate is a serendipitous drug be- 
cause of its ameliorating effect on diarrhea. It was our ini- 
tial impression that those patients with calcium deficit 
were malabsorbing vitamin D, so vitamin D and calcium 
were used in their treatment. It now appears from lab- 
oratory data in five recently studied patients that they 
have impaired parathyroid responsiveness to hypocal- 
cemia as a consequence of magnesium deficit. We now 
treat patients with low serum calcium values by oral ad- 
ministration of calcium carbonate and administer 48 mEq 
of magnesium per day; we do not recommend supplemen- 
tal vitamin D therapy. 


Anorexia, Nausea, Vomiting, 
and Liver Disease 


It is difficult to place a statistical figure on nausea and 
vomiting because these symptoms are frequently tran- 
sient and are connected with electrolyte imbalance, food 
intolerances, or dietary indiscretion. Of great concern, 
however, are those patients who develop psychogenic vom- 
iting or anorexia. The small bowel bypass patient who de- 

| velops these symptoms is in serious risk of dying from 
eelectrolyte imbalance or liver failure or both. Twenty-five 
postoperative patients with serious electrolyte imbalance, 
some of whom had evidence of impending liver failure, 
were evaluated with a complete psychiatric study. There 
were seven patients (1.4%) who developed liver failure, 
with jaundice, hepatomegaly, sulfobromophthalein sodium 
retention, and other evidence of chemical deterioration of 
hepatic function. Four of these patients died. Of the four 
a 
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who died in liver and renal poer three were found tag 
have serious depressive illness and severe character dis- a 
turbances that eventuated in anorexia, nausea, vomiting, — 
and noncompliance with postoperative instructions. One 
was a patient who was a paranoid schizophrenic prior to 
the bypass surgery, but had not been evaluated for this. 
Based on the findings in the three patients who died __ 
and the 25 patients with severe electrolyte imbalance and 
impending liver failure, a psychological screening eval- 
uation was developed and has been in operation since 
October 1973. This consists of the administration by a psy- 
chologist of a Minnesota multiphasic personality inven- 
tory test, which is cross-checked with a computer-read 
Minnesota multiphasic personality index. A 16-factor per- _ 
sonality index completes the screening profile. With this 
battery of tests a certain number of patients are ~ 
“flagged” for psychiatrie consultation. Those “flagged” in- 
clude those patients in whom the testing is regarded as in- 
valid; patients with evidence of psychiatric illness, includ- _ 
ing depression, thought disorders (schizophrenia), manic- 
depressive illness, as well as evidence of character abnor- _ F 
mality, such as difficulty with authority, somatic concerns, 
hysterical symptoms, paranoid traits, excessive depen- 
dency, social isolation, and excessive defensiveness. In ad- 
dition, all patients below 21 years of age and those witha 
history of previous psychiatric illness have psychiatrie __ 
consultation. This consultation includes evaluation of im- 
portant members of the patient’s family. Particular focus 
is placed on the presence or absence of current and past ~ 
psychiatric illness, the conscious or unconscious motiva- 
tion for operative methods of weight loss, reactive 
changes in eating behavior, anorexia, nausea, vomiting, 
weight loss versus compulsive eating and weight gain, 
and the presence or absence of previous surgical proce- 
dures or medical evaluations in response to multiple somat- — 
ic complaints, the psychological need to be obese in order ? 
to avoid a serious psychiatric illness, and the psychological 
quality of the postoperative environment. To date 126 pa- 
tients have been screened. Fifty-two patients have been = 
“flagged” for psychiatric evaluation: 45 of these had had 


psychiatric evaluation and six of these patients have been 
refused surgery. All six showed mild to moderate depres- a 
sion and serious character abnormality. Three of these pa- ` 

a. 


tients used extensive somatic symptoms to express emo- 
tional conflict, such as anorexia, nausea, gagging, 
vomiting, abdominal pain, headache, and hysterical con- 
version symptoms. All of those patients refused operation 
had real need for the operation from an organic stand- 
point, but it was our belief that their ability to cope with 
postoperative problems was not sufficient to justify oper- 
ative intervention. Mortality related to psychological fac- 
tors in patients selected through this psychological screen- 
ing program has been reduced to zero in the patients 
followed up so far, and morbidity has likewise been re- 
duced. 

Most patients at the time of intestinal shunting have 
had some degree of fatty infiltration of the liver.* Only 38 — 
patients (9%) failed to show some degree of fatty infil- 
tration of the liver. The amount of fatty change increased 
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E over the o a aaoo, usually heading i its peak 
during the seventh to 12th month postoperatively, and 
E t nen gradually decreased, until by the end of the third 
year all liver biopsy examinations have shown normal 
oi f: morphologic findings. Patients who develop impending 
X : liver failure are hospitalized and treated with intravenous 
i a hyperalimentation, including amino acids, and by super- 
= vised oral intake, with accurate calorie count and the ad- 
= ministration of medium chain triglycerides. The patients 
= who survived hepatic failure have had restoration of he- 
= patic function test to normal and showed improvement in 
= hepatic morphologic findings at the time of liver biopsy 
= examination. 





Renal Stones 


Following small bowel bypass urologic complications 
consist of (1) urinary tract infections and (2) oxalate stone 
disease. The urinary tract infections are most common in 
= the female patients and consist of a spectrum of symp- 
~ tomsconsistent with acute cystitis. We believe this condi- 
= tion is related to frequent loose bowel movements and ir- 
=~ ritation of the perineal area. Patients with acute cystitis 
have responded rapidly to antibiotic therapy. While it is 
known that antibiotics aggravate the symptoms of diar- 
4 P rhea in postbypass patients, we believe that urinary tract 
Fe d infections must be treated and recommend that anti- 
biotics be used as needed, attempting to control diarrhea 
= with antidiarrheal medication. If diarrhea becomes exces- 
' sive, parenteral administration of antibiotics may be nec- 

essary. 

re The second urologic complication after ileal bypass, oxa- 
Be late stone disease, is much more serious. In 1974 we’ pre- 
= sented a statistical analysis of our findings regarding the 
incidence of oxalate stone disease following intestinal by- 
= passon over 300 patients. This study showed that 60% of 
the postoperative patients had elevated urinary oxalate 
levels. Six percent of the postoperative patients developed 
renal calculi. Since that time we have studied in detail 
that group of patients who have developed urinary stones 
following their bypass and have shown that in the major- 

~ ity of patients the observed hyperoxaluria is related to an 
=~ increased absorption of exogenous oxalate. This mecha- 
= nism has been presented by others’ as an explanation for 
____hyperoxaluria and stone disease following inflammatory 
= bowel disease but it is not universally accepted. Many of 
~ Our patients following bypass have steatorrhea and a low 
= 24-hour urinary calcium excretion. We believe that cal- 
= cium soaps are formed, removing free calcium from the in- 
testinal contents. Calcium is, therefore, not available for 
oxalate binding and dietary oxalate is subsequently ab- 
sorbed. In addition, following ileal bypass the bowel con- 
tents reach the intestinal sites of oxalate absorption at a 
lower pH, which in turn favors oxalate absorption. In a 
small group of patients, those with 24-hour urinary oxa- 
late levels above 200 mg/100 ml, we have been unable to 
reduce the oxalate excretion to normal levels by total die- 
tary restriction of oxalate or intravenous feeding, as was 
possible with the less severely hyperoxaluric patients. This 
suggests the importance of altered endogenous oxalate 
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Dinetond in this group of Suen l : 

Several therapeutic regimens have been presented in 
the literature as being beneficial in the reduction of oxa- 
late excretion in patients who have had intestinal resec- 
tion for inflammatory bowel disease. These regimens in- 
clude the administration of pyridoxine hydrochloride, folic 
acid, and tyrosine to reduce the amount of endogenous 
oxalate production. Cholestyramine resin, low caloric 
diets, low fat diets, and oxalate-free diets have been sug- 
gested as therapeutic aids in the reduction of endogenous 
oxalate absorption and subsequent urinary excretion. We 
have not been able to reduce 24-hour quantitative urinary 
oxalates by the use of cholestyramine and have abandoned 
it. In the hospital we have frequently been able to reduce 
oxalate excretions by a low oxalate diet, but in this group 
of patients with uncontrollable appetites dietary restric- 
tion is not effective. At present we are attempting to in- 
crease the amount of calcium available for intestinal oxa- 
late binding and hope by this to eliminate that fraction of 
urinary oxalate that is of exogenous origin. 

| Gout 

While hyperuricemia is frequent, clinical gout has not 
been a major problem. It has occurred in seven patients, or 
2% of 350 patients. When it has occurred it has responded 
to the oral administration of probenecid, colchicine, allo- 
purinol, and phenylbutazone. These medications have not 
produced any substantial augmentation of diarrhea. 
Acute gouty arthritis has been treated by intravenously 
administered colchicine because orally administered col- 
chicine causes severe diarrhea. At present the Rheumatol- 
ogy Division of the Department of Internal Medicine at 
St. Louis University School of Medicine is studying the 60 
patients in the first 300 patients operated on who have had 
at some time complaints of arthralgia. These patients are 
being compared with morbidly obese patients who have 
for various reasons been rejected for surgery. The find- 
ings will be the subject of a future report and, hopefully, 
will give clarification to the role, if any, of intestinal by- 
pass in the production of arthritides. We have not had a 
case of rheumatoid arthritis in 425 patients operated on. 


Anemia 


Anemia has been found in 11% of bypass patients. In 
most cases the findings have resembled the anemia of 
chronic disease with hematocrit readings in the range of 
28% to 32%. These have tended to occur in the first year af- 
ter surgery during the period of rapid massive weight 
loss. No underlying disease could be found in these ane- 
mias, aside from the presence of fatty infiltration of the 
liver. Iron deficiency anemia occurred and, when it was 
present, blood loss could usually be shown. Most of the iron . 
deficiency anemias responded to oral administration of 
iron, usually in the form of ferrous sulfate. If response has 
not been adequate to orally administered iron, iron dex- 
tran injection has been administered intravenously, the 
dosage being determined not according to the description 
accompanying the iron dextran injection but on the calcu- 
lation of body weight combined with the expected red 
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“blood cell mass. Iron absorption studies were not run on 

these patients. Four cases of macrocytic anemia with low 
serum folate levels have been observed. In two of these 
patients the anemia was severe with florid megaloblastic 
changes in the bone marrow. All responded to oral folic 
acid replacement. No instance of low serum vitamin B; 
values has been seen. Schilling tests have shown normal 
vitamin B,, absorption in nearly all patients. However, in 
two cases there was evidence of impaired absorption with- 
out anemia or low serum vitamin B,, levels. 


Postoperative Incisional Hernia 


We have used midline upper abdominal incisions in 
most patients. We have selected this incision over trans- 
verse superumbilical incisions because of the frequency of 
cholecystectomy in the morbidly obese patient and the dif- 
ficulty in exposure of the porta hepatis through transverse 
incisions. Five percent of the first 200 patients (ten) have 
developed incisional hernia. 


Failure to Lose Weight 


Twenty-one percent of 270 patients (50) with end-to- 
side anastomosis failed to lose sufficient weight. In- 
sufficient weight loss was considered to be a failure to re- 
turn to within 22.6 kg (50 lb) of anticipated normal 
weight. The average weight loss after end-to-side anasto- 
mosis was 46.6 kg (103 lb), with seven patients losing less 
than 22.6 kg (50 lb) and six patients showing weight gains 
up to 22.6 kg (50 lb) after initial losses of 45.2 kg (100 lb) or 
more. Thirteen’ of 273 patients have had an end-to-side 
shunt converted to end-to-end, and in all of these patients 
reflux into the bypassed ileum for distances of 20.3 to 61 
cm was shown, along with evidence of reflux with hypertro- 
phy and dilation of the refluxed segment until it equalled 
in measurements that of the segment actively trans- 
porting food. All patients with insufficient weight loss 
have expressed dissatisfaction with the operation, despite 
gratifying reductions in lipid, triglyceride, and cholesterol 
levels, and improvement in diabetic status, if it existed. 
All of those patients converted to end-to-end anastomosis 
are having gradual continuing weight loss. We believe 
that end-to-side anastomosis is unpredictable in regard to 
weight loss and should be abandoned, except in unusual 
circumstances. We have ceased using the end-to-side 
anastomosis in most cases since November 1972. 


Hemorrhoids, Anal Fissure, and Anal Irritation 


The passage of frequent diarrheal stools accentuates 
any preexisting anal abnormality. Fissurectomy or hem- 
orrhoidectomy has been carried out in 13% of 200 patients 
(26) studied. 


Redundant Skin 


Unsightly troublesome redundant skin folds, partic- 
ularly abdominal folds, occurred and necessitated oper- 
ation by the Plastic Surgery Service. Operation has been 
delayed until patients return to normal weight. We have 
noted that patients over 40 years of age have had the 
greatest problem with redundant abdominal and upper 
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Reconstitution of Intestinal Tract Continuity 


Restoration of normal intestinal tract continuity has 
been done in four patients. One patient was in liver fail- 
ure, secondary to psychogenic vomiting. This patient died 
following operation, which was done at another hospital. 
A second patient had severe depression that developed 
when the patient returned to normal weight and the pa- 
tient requested restoration of intestinal tract continuity 
and stated his desire to return to his obese status. After 
psychiatric consultation, normal continuity was restored. 
The patient has regained his preoperative weight of 158.2 
kg (350 lb); his diabetic state that had disappeared has re- 
turned. The patient states, however, he feels well and is 
much happier as a fat man. A third patient, who was to- 
tally unable and unwilling to follow postoperative instruc- 
tions and who had severe character abnormality, was re- 
constituted at another hospital. A final patient developed 
glomerular nephritis and had normal continuity restored. 
It is our belief that the restoration of continuity and, in- 
deed, initial shunting could have been avoided in the first 
three patients had they been subject to psychological test- 
ing and psychiatric evaluation as is being done at the 
present time. 


Miscellaneous 


Miscellaneous complications included sporadic hair loss, 
which occurred in 2% of females, was self-limited, and 
cleared within one year without therapy. Five persons de- 
veloped meralgia paresthetica that persisted up to nine 
months after operation and then cleared spontaneously. 


Immediate Postoperative Complications 


Immediate postoperative complications included many 
of those connected with major intestinal tract surgery in 
the nonobese patient. The immediate postoperative com- 
plications of 475 patients were as follows: superficial 
wound infection, 17; pulmonary complications (embolism, 
pneumonia atelectasis), seven; cardiac complications, five; 
wound dehiscence, five; evisceration, four; gastrointestinal 
tract bleeding, three; fever of undetermined origin, one; 
anastomotic leak (677 anastomoses), five; intestinal tract 
fistula, three; subphrenic abscess, one; pelvic abscess, two; 
thrombophlebitis, four; arterial thrombosis, two; necrotiz- 
ing enterocolitis, one; and septicemia, one. Superficial 
wound infection is of concern, and we have attempted to 
minimize it by intensive preoperative skin preparation, 
the use of plastic drapes prior to making the skin incision, 
the insertion of a wound protector to protect subcutaneous 
fat during the time that the anastomosis is being carried 
out, the use of sterile closure trays, and the irrigation of 
the subcutaneous fat with both saline and the solution 
containing antibiotics, consisting of tetracycline, penicil- 
lin, and kanamycin sulfate, and the use of a drainage sys- 
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arm skin. Skin biopsy examinations with the elastic tissue 
stains were done on 100 patients, and it was noted that _ 
the elastic fibers in those patients between 20 and 30 years 
were much more prominent than in those patients over 40 
years of age. 
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t T is is ooed 36 hours after oper- 
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a Of special interest is the one patient who had necrotiz- 
A ng enterocolitis that resulted in her death. This patient 
had not been receiving orally administered antibiotics 
__ preoperatively and when she returned to the hospital 
p _ three weeks after operation, she had severe diarrhea. It 
$ was our initial impression that the diarrhea was due to 
4 “Food intolerance and excessive oral intake of liquids. We 
~ were alerted only late in her course to the fact that she 
ga _ had necrotizing enterocolitis and now are obtaining stool 
K -~ smears and cultures on all patients who are admitted with 
i a severe diarrhea. 

= Gastrointestinal tract bleeding occurred in three pa- 
_ tients. All of them had been receiving anticoagulants and 
G _ it was believed that the bleeding was from the suture line 
J -and was secondary to anticoagulant therapy. 

The remaining complications occurred in the patients 
a _ who had leaking anastomoses. 


Mortality 


; E There have been 20 deaths from all causes, an overall 
_ mortality of 4.2%. Eight patients died within 30 days after 
operation, an operative mortality of 1.6%. 


CONCLUSIONS 


~ Small bowel bypass is an effective method of producing 
the sustained weight reduction in the morbidly obese pa- 


Sipney E. ZIFFREN, MD, Iowa City: I want to compliment Dr. 
Starkloff for being so honest about his complication rate. We at 
~ Iowa are doing an entirely different operation, gastric bypass, de- 
= vised by Edward Mason, MD, of our staff. 
= We have operated on 430 patients, and I am going to point out 

= the complications we do not have. For instance, only 15% of our 
= patients have diarrhea, almost all of them due to the dumping 
syndrome. Our patients do not have hypokalemia. They have no 
= hypocalcemia or hypomagnesemia. Anemia is rare. They have no 

Ri urinary calculi and no hepatic failures. Our rate of failure to lose 
= sufficient weight is approximately the same as Dr. Starkloff’s. Fif- 
= teen percent of our patients have constipation, but they do not 

have hair loss or joint disease. 

Our mortality is 3%. We do have, however, a 1.5% incidence of 
stomal ulceration. 

The question, of course, is: with all of these complications with 
= intestinal bypass, would the patients not be better off having a 
= gastric bypass for their obesity? 

ee DEAN SORENSEN, MD, Boise, Idaho: We do not have a big medi- 
cal center in Idaho, but we have been doing jejunoileal bypasses 
for morbid obesity. My partner and I began doing this procedure 
in 1972 and have a series of 52 cases. 

In general, we have been happy with our results. We have found 
that selection has become easier for us. The operative procedure 
has become well refined, and our major problems now center 
around our postoperative care and follow-up, which has become 
easier with experience. 

One of the things that we worried about at the beginning, how- 
= ever, was wound infection. Before we started doing this procedure 
-__ in 1972, we perused the literature and made several telephone calls 
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teat: Careful and d continued ‘tly on aha patients for * 
the rest of their lives is of paramount importance. It is our 
belief that these patients should be operated on at centers 
interested in the continuing study of obesity and.with 
consultation iraibe on all patients by other members, 
constituting a team concept for the care of the morbidly 
obese. 


Nonproprietary Names and 
Trademarks of Drugs 


Allopurinol—Zyloprem. 
Cholestyramine resin—Cuemid, Questran. 
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Discussion 


to some very distinguished people. Infection seemed to be a prob- 
lem in several large series. For example, Dr. Salmon in Canada re- 
ported a series in 1971 of 121 patients. There were five deaths in 
this group and their problems were related to infection, septi- 
cemia, and evisceration. So we outlined an elaborate program to 
prevent wound infections. I do not know how much any of these 
things individually mean, but as a whole they have reduced our 
wound infection rate to zero. In our 52 patients, we have not had a 
single wound infection. 

These factors include an aggressive preoperative bowel prepa- 
ration with cathartics, antibiotics, mechanical cleansing, and a 
nonresidue diet. 

We do a 20-minute povidone-iodine skin preparation in the oper- 
ating room, usually with two nurses completing the preparation. 
Double masks and gloving procedure are used by all of the mem- 
bers of the operating room crew. 

We utilize a plastic ring drape that we place inside the peri- 
toneal cavity and then bring out across the large panniculus and 
attach to the drape on the outside. We think this is quite helpful 
because it protects the large fatty panniculus from contamination 
from bowel contents and air during the course of the procedure. 

We use antibiotics in our preoperative bowel preparation, as 
mentioned above, and we also use antibiotics during the course of 
surgery and postoperatively for 72 hours. 

Another point that we believe contributes toward the care in 
these patients is to put two large-bore drains down in the large 
subcutaneous space. We leave these in place four days. These 
drains, of course, remove the serum and blood and also help elimi- 
nate the dead space. Copious saline irrigation is utilized to cleanse 
the subcutaneous space prior to closure. 
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* It is difficult to know which, or if any, of these factors are really 
important, but they have certainly helped us to cut down our com- 
plications. 

The other point I would like Dr. Starkloff to comment on is hy- 
peracidity. Several of us authored an article in the American 
Journal of Surgery (128:234, 1974) that dealt with intestinal tract 
resection in dogs and its sequels. One of the things we noted in our 
work was that resecting increasing amounts of small bowel caused 
a marked increase in the amount of gastric acid secretion. This 
has been confirmed in clinical studies by Dr. Ellison and others. 
We have noted in our follow-up on jejunoileal bypass patients that 
a high percentage of them do experience indigestion postopera- 
tively. We treat them symptomatically with a mixture of amino- 
acetic acid and calcium carbonate (Titrilac). 

We wonder if Dr. Starkloff has measured gastric acid output in 
his patients who have had intestinal bypass, and whether this fac- 
tor of hyperacidity works here as well. 

Mark M. Ravitcu, MD, Pittsburgh: I think this is a hallmark 
paper. I have never given a paper constituting nothing but grief, 
Generally, as an editor, I reject horror stories. 

But we are dealing with people with a fatal disease. I fought off 
doing this operation for a decade after I first talked to Dick Varco 
about it many years ago, but these people are going to die and, 
while they live, they live miserable lives. They get diabetes and 
hypertension. They cannot take care of themselves. They are 
physically limited. 

I have been convinced that the risks are worth taking. I have 
been interested in what Dr. Mason has been doing. I have talked 
to him several times, but it has seemed to me a little analogous to 
wiring the jaws. You just wire the gastrointestinal tract a little 
further down. 

We will have to wait and see what the long-term results are of 
the two procedures. There is no question that you do have prob- 
lems. 

We vary a little in our very small experience from Dr. Starkloff, 
using a transverse incision instead of a vertical one. The measure- 
ment is of prime importance, but there is no way that you can be 
precise about it. We do it on stretch. 

The 30.5 cm of jejunum and 20.3 cm of ileum that Dr. Starkloff 
uses, I used for a while. I have now come to 27.9 em and 15.2 em. I 
suspect that the way I measure 27.9 and 15.2 cm is the way he and 
Bill Scott measure 30.5 and 20.3 cm. 

The ileocecal valve is a fixed point; the ligament of Treitz is not. 
For that matter, if you do a little dissection, you can get an extra 
centimeter or two or three or more of the ileum onto the fat pad at 
the cecum. So these measurements are not precise, but if you will 
do it the same way every time, you will have your own standard. 

One of the astonishing things is that after you have measured 
this very carefully and the patient subsequently stops losing 
weight, you will find, not only by microscopical examination of 
biopsy specimens, hypertrophy of the villi, and so on, but roent- 
genographically, an actual substantial increase in length of the 
residual bowel. 

It is easy to measure roentgenographically because here is the 
ligament of Treitz, and here is the cecum, and you ought to have a 
pretty straight line, and suddenly you will find two or three or 
feur folds. Sometimes that accounts for the failure of the patients 
to lose weight. 

Dr. Starkloff’s extensive investigation of these patients has 
been very helpful to me in following mine. We have learned a lot 
from him. 

One thing I would caution all of you, that if you undertake this 
type, of operation you have to watch these patients yourselves 
week in and week out, month in and month out, year in and year 
out. If you are not willing to do it, send them to St. Louis. These 
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are difficult patients to handle, and while you notice 94% of the pa- 
tients have diarrhea—that is listed as a complication—what it 
really means is that the operation is working. A few of them have 
intolerable diarrhea. Many of them would rather have six or eight 
stools a day than bother taking codeine, paregoric, a mixture of 
atropine sulfate and diphenoxylate hydrochloride (Lomotil), or 
whatever. 

The only issue I would take with Dr. Starkloff is in describing 
the vomiting as psychogenic. I think this is physiological. Many, 
many of these patients will say, “I have a queasy feeling in the 
morning when I get up, and if I look at food, I vomit.” That al- 
ways passes, but some patients who never vomit will have a period 
of anorexia for some time. 

I think this is a hallmark and a basic study, and I congratulate 
Dr. Starkloff on it. 

WALLACE L. CHAMBERS, Salt Lake City: I feel very humble. I 
have 22 cases. 


I would strongly support Dr. Starkloff’s concept of sereening out — 
the psychiatric and psychologic casualties first. You do the patient — 
no favors and you do yourself misery with that one small group, — 


which in my case is about 20%. 

What has not been stressed is the extreme gratification of about 
70% of this group. To my surprise, they are amazingly stable emo- 
tionally. They are appreciative. Some are nurses or paramedical 
personnel and they have a fairly good insight. It has been a pleas- 
ant experience to follow them up. 

I have had no deaths and no wound infections, except one se- 
roma. Some have low magnesium and low potassium levels with 
minimal low calcium levels. 

I am preserving 55.9 cm of jejunum and 5.1 cm of ileum. About 
a 45.2-kg (100-lb) weight loss per year is average. I am very 
pleased with the results so far. 

I congratulate Dr. Starkloff on his beautiful series. 

Dr. STARKLOFF: First, I would like to thank all the discus- 
sants. 

In regard to Dr. Ziffren’s comments, he told you what he did not 
have in the way of complications, but he did not add that another 
thing that by and large he did not have much of was weight loss. 

He had one third of the patients who were losing 45.2 kg (100 
lb); one third, 22.6 to 45.2 kg (50 to 100 Ib); and one third, less than 
22.6 kg (50 Ib). Well, to lose only 45.2 kg (100 lb) when you weigh 
226 kg (500 Ib) is “cold comfort.” 

In regard to questions about excessive gastric acid, we have 
studied numerous patients in the postoperative period and have 
not found either excessive gastric secretion or high acid values as 
is found with patients who have had resection of the small bowel 
probably because the antigastrin hormones are functional. 

The indigestion is usually gas, and gas occurs after small bowel 
bypass in most patients. 

In regard to Dr. Ravitch’s comments, I did not wish to imply 
that I believed that all vomiting was psychogenie. I did want to 
imply that those patients, who show in psychological screening 
that they are apt to transform hysterical complaints into somatic 
complaints in the postoperative period are in grave danger of de- 
veloping psychogenic vomiting with its hepatic impairment and 
electrolyte imbalances. 

I congratulate all those who have not had wound infections and 
who have not had complications, but I caution that they will 
shortly be forthcoming as time goes by. As Dr. Ravitch stated, 
these patients are in the weight range of 158.2 to 226 kg (350 to 
500 lb); we never operate on any patient weighing over 226 kg (500 
lb). We place the latter on total caloric withdrawal and get them 
down below 226 kg (500 lb) because the mortality and morbidity, 
in my judgment, is prohibitive above this. 
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“Us of the Gastrointestinal Anastomotic Stapler 
Marshall W. Webster, Jr., MD; | 
Larry C. Carey, MD; Mark M. Ravitch, MD 


at N | 
p EN | 
a 2 A permanent feeding gastrostomy was quickly and simply con- gastrostomy is rare. The mucosa-lined tract permits re- 
oe structed in 29 patients with low operative risk using the gastroin- moval of the feeding tube between meals. The operative 
i, x inal EnS fap: The ari aei ofa R wi time consumed i in construction of a Janeway gastrostomy 
plication rrr On: a CarOruny se section of the and the potential hazard of leak from the long, manually 
-stomach to form a Janeway type of gastrostomy. Activation of the d Nae ha Wotod h ict 
_ device placed two double rows of staples and cut between them. This CONSEEICT suture tine ps contri s pou oas z A mae 
oth the mucosa in approximation both in the tube and in the body of to use this technique, particularly in the debilitated pa- 
_ the stomach. A few additional Lembert sutures was all that was nec- tients under consideration. 
_ essary. There were no suture line leaks nor other complications pe- | 
T. S -culiar to the method. 


Bi Fig 1.—Various aspects of gastric wall suggested historically for 


a < use to create permanent gastric tube. A, Dépage; B, Janeway; C, 
vt Nhe feeding gastrostomy is a convenient way to Hirsch; D, Beck-Jianu. 


= L maintain nutrition in patients with a variety of dis- 

7 a orders that for a long time, or permanently, will preclude 
normal swallowing, particularly individuals with benign 

3 and malignant esophageal obstruction or a neurologic 

deficit. 

The conventional Stamm gastrostomy is associated with 
Be ient complications and has several inherent dis- E 
J advantages that detract from its usefulness. Gastric leak ZINN ~ NN 

and peritonitis, regurgitation of feeding formula, peri- A wii AN) 

i l _ stomal skin irritation, bleeding, and pyloric obstruction CR) !) 

k 5, from the indwelling tube are all annoying or dangerous 
N Furthermore, the granulation-lined tract may 
= close quickly if the tube is displaced and not returned 

4 3 promptly. These drawbacks partly account for the reluc- 

= tance to employ gastrostomy as an adjunct for nutrition. 

= Permanent gastrostomies, such as the Janeway, in gen- 

w eral are less troublesome and regurgitation through the 
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” Lembert sutures“ 


Fig 2.—Technique of construction of permanent gastrostomy 
using gastrointestinal anastomotic stapler. 


HISTORICAL DEVELOPMENT 


Carl Beck and Alexis Carrell,' working at the Rockefel- 
ler Institute in 1905, first proposed a mucosa-lined tube 
developed from the gastric wall. The concept at that time 
was to provide a temporary access for feeding and as a 
potential esophageal replacement after resection of an 
esophageal malignant neoplasm or benign stricture. Dé- 
page,’ Janeway,’ Jianu,* and Hirsch’ each suggested modi- 
fications in construction differing primarily as to the por- 
tion of the gastric wall from which the tube was fashioned 
(Fig 1). 

Automatic stapling instruments were adopted early on 
for the construction of the Beck-Jianu tube from the 
greater curvature.® Refinement in the technique of estab- 
lishing a vascular pedicle to the Beck-Jianu tube as devel- 
oped by Gavriliu and Heimlich has permitted sufficient 
length of gastric tube for total esophageal replacement. 
Stapling instruments have been used with well-demon- 
strated success for this purpose for over a decade. These 
instruments are massive devices employing the hand- 

eldaded, coarse German silver staples like those used by 
VonPetz providing a temporary closure and requiring 
oversuture. 

Moss,’ in 1972, suggested using the gastrointestinal 
anastomotic stapler* to fashion a gastric tube for a perma- 
nent feeding gastrostomy, and reported a satisfactory 
trial in dogs. The stapler has greatly simplified the con- 
struction of permanent gastrostomies, and our experience 
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with its use in 29 patients during a 30-month period is re- 


. 
. 


ported. 


TECHNIQUE 


Local anesthesia has been adequate. The peritoneal cavity is en- 
tered through a small upper midline or left upper quadrant trans- 
verse incision (Fig 2). The anterior gastric wall midway between 
the greater and lesser curvatures is grasped with two Babcock 
clamps approximately 7.5 cm apart in the longitudinal axis of the 
stomach and as high on the body of the stomach as convenient. 
Traction on the clamps creates a double-thickness fold of gastric 
wall. Traction sutures will serve instead of the Babcock clamps. 
The gastrointestinal anastomotic stapler is applied behind the 
fold, directed either toward the pylorus or the fundus. A single ac- 
tivation places two double rows of staggered staples and divides 
the tissue between, creating a mucosa-lined tube. The stapled su- 


ture line on the stomach has usually been inverted with several 


Lembert sutures, which will also control any small bleeding points. 
It has not been necessary to invert the staple line on the gastric 
tube. If a midline incision has been used, which we prefer, a small 
circular plug of skin and subcutaneous tissue is excised in the left 
upper quadrant and the rectus abdominis muscle. We have not 
fixed the stomach to the parietal peritonium. 

Primary maturation is achieved by suturing the end of the gas- 
tric tube to the skin with a series of interrupted catgut sutures. A 
No. 22 Foley catheter is inserted for decompression of the stom- 
ach in the immediate postoperative period. In most instances, 
feeding may begin on the first postoperative day and the tube re- 
moved between meals, a 2x 2-gauze pad sufficing to absorb the 
moisture from the everted mucosa. 


CLINICAL EXPERIENCE 


This technique has been employed in 29 patients from 
March 1972 through September 1974. The average patient 
age was 58 years, with a range of 18 to 82 years. There 
were 28 men and one woman. Patients with neurologic 
disorders of either a slowly progressive nature or of which 
the long-range outcome was uncertain comprised the ma- 
jority: parkinsonism (one), cerebrovascular accident (six), 
brain abscess (one), brain tumor (one), amyotrophic lateral 
sclerosis (one), multiple sclerosis (two), subarachnoid hem- 
orrhage (three), chronic brain syndrome (two), and arte- 
riovenous malformation (one), central nervous system 
trauma (two), and mental retardation (one). 

Malignant neoplasms of the tongue and oropharynx 
(five patients) and esophagus (three patients) accounted 
for the remainder. There were no deaths attributable to 
the operation, although five patients died of their under- 
lying illness within one month of operation. To date, 17 
patients are living, seven for longer than six months, and 
nutrition has been adequately maintained by gastrostomy 
feeding. There have been no instances of suture-line leak 
or peritonitis. Four patients have had wound complica- 
tions, including two partial dehiscences that yielded to 
secondary closure. Three patients have had aspiration of 
feeding, two of whom were known to have tracheoesopha- 
geal fistulas prior to the construction of the gastrostomy. 
Bleeding and discharge of formula have not occurred. 
Long-term care-has been greatly facilitated by the ease of 
removal and replacement of the feeding tube. 
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ts 
= Rosert C. Hickey, MD, Houston: I have one query to put to Dr. 
ve aviteh, and that has to do with the amount of excoriation that oc- 
s with the Janeway gastrostomy on the cutaneous borders. 
Er <A Ravitcu: The answer to that is that in these patients there 
has ee little or none at all because there is no regurgitation of 
juice through this slender mucosal tube. 
I think all of the complications of ordinary conventional gas- 
tro stomy listed on the first slide can be totally avoided by the eon- 
H! str uction of a Stamm-Kader inverting gastrostomy accompanied 
t Iy ps Witz tube. 
> great disadvantage of that, as we all know, is that if the 
i tul ube is out for 12 or 18 hours or sometimes just overnight, it may 
E bsolutely impossible to reinsert it, and this single advantage, I 
ç, justifies the use of a mucosal tube gastrostomy for patients 
rho o will have a gastrostomy for a long period of time, particularly 
> who are going to be in custodial institutions or not very 
y observed, or even those who go home. 
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The instruments in this instance have functioned extremely 
well, as Dr. Webster pointed out. 

The four rows of fine stainless steel staples provide two rows on 
the tube and two on the stomach and may not need reinforcement 
at all. 


The house staff have done most of these operations. They have 


usually not reinforeed the tube at all and have often not rein- 
forced the stomach, though if you are going to try it to begin with, 
I think you will sleep better if you reinforce them for a while. — 


The bleeding is something that pleases me very much because it J 


demonstrates the fact that the tissue is viable to the very edge of 


viable tissue that leads right out to the edge. That does not slough | 


and this is opposed to the situation with the VonPetz clamp or the 
big Nakayama clamp. The American instrument does not crush 
the tissue, and we have had no necrosis from these at all. 


the section. That te the staples on the suture line you have ~ 
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An Evaluation of Available Diagnostic Methods 


J. David Richardson, MD; W. David McInnis, MD; Raul Ramos, MD; J. Bradley Aust, MD 


Occult gastrointestinal bleeding was defined as continued bleeding 
in spite of a normal series of roentgenograms of the upper part of 
the gastrointestinal tract, barium enema, and sigmoidoscopy. 
Twenty-six such patients were treated. A thorough systematic eval- 
uation, including gastroscopy, colonoscopy, visceral angiography, 
and isotopic scanning, was done preoperatively. Using colonoscopy 
and arteriography, nearly 60% of the bleeding sites were identified. 
Seventy-six percent of the lesions identified were in the terminal part 
of the ileum or the ascending colon. Exploratory laparotomy should 
be performed for life-threatening hemorrhage or as a diagnostic test 
only after a thorough preoperative evaluation. If results of a com- 
plete preoperative evaluation including arteriography were normal, 
then the likelihood of finding a discrete cause of bleeding at lap- 
arotomy was high (80%). A systematic evaluation and diligence of 
both physician and patient in localizing the site of bleeding are es- 
sential. 


Tr 1909 Einhorn introduced the “string test” to lo- 
calize the site of gastrointestinal bleeding.’ Although 
diagnostic procedures have been greatly refined since 
then, all surgeons are still plagued with that occasional 
gastrointestinal bleeder whose bleeding site is not diag- 
nosed by standard barium roentgenographic studies or 
proctologic examination. We have reviewed the manage- 
ment of 26 such patients with “occult bleeding,” ie, pa- 
tients with a history of gastrointestinal blood loss with 
normal results on a roentgenographic series of the upper 
part of the gastrointestinal tract, barium enema, and sig- 
moidoscopic examination. This article discusses the man- 
agement of such patients, with emphasis on the value of 
adjunctive diagnostic studies now available to most sur- 
geons. 


PATIENTS 


Twenty-six patients, ranging in age from 2 to 73 years, have 
been treated for occult gastrointestinal bleeding. The average age 
was 43.8 years. Fourteen were women. Nearly all patients had a 
long history of anemia and chronic blood loss, although seven had 
an episode of acute bleeding superimposed on their chronic ane- 
mia. The average duration of bleeding was 1.5 years, with seven 
having bled for longer than three years. 

The history was rarely of benefit in localizing the site of bleed- 
ing. Five patients complained of abdominal pain that was usually 
ramping in nature, but their symptoms were nonspecific. Two 
patients had hematemesis that was transient, and they were sub- 
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sequently found to have hemobilia and an isolated bleeding duode- 
nal varix. Twelve patients had hematochezia or melena. Symp- 
toms related to anemia or weakness or both were predominant in 
six patients. Congestive heart failure secondary to severe anemia 


was present in two cases. Two patients were totally asymptomatic 


but anemia was discovered on routine screening tests. Alcoholism, 
aspirin ingestion, and obvious causes of bleeding were excluded in 
all patients. 

Only three patients appeared to be seriously ill, those with con- 
gestive heart failure and a third patient with fever and chills who 
subsequently was found to have bleeding from an ileal ulcer sec- 
ondary to typhoid. Otherwise the physical examination results 
were unremarkable except for signs of anemia. 


Laboratory studies showed that 20 of the 26 patients had a he- 


moglobin value of less than 8 gm/100 ml at some point in their 
course, with 14 having values of less than 6 gm/100 ml. Two were 
not anemic, although both were receiving iron therapy. All pa- 
tients had guaiac-positive stools on at least one oecasion. Serum 
iron levels and iron-binding capacity studies were done to confirm 
that the anemia was due to iron deficiency. Results of other labo- 
ratory studies were invariably normal. 

A consistent pattern of evaluation was present in many cases, 
ie, the patient was bleeding or found to be anemic and a work-up 
was started. After the initial results were normal, the patient was 
frequently given iron therapy and observed without further eval- 
uation. Often, with recurrence of bleeding, the patients sought ad- 
vice from a different physician only to have the sequence re- 
peated. On several occasions an operative procedure for bleeding 
was nondiagnostic. Nearly all patients had been evaluated by sev- 
eral physicians before a diagnosis was eventually made. 

By definition, all of these patients had normal barium study re- 
sults. The number of examinations per patient shows the intensity 
with which many bleeding patients were evaluated and the failure 
of standard barium studies to diagnose many forms of gastroin- 
testinal bleeding. A series of roentgenograms of the upper part of 
the gastrointestinal tract was done on all patients, with the aver- 
age being 3.5 per patient. A small bowel follow-through was done 
in 20 cases; all were interpreted as normal. All patients had at 
least one barium enema, with an average of 2.4 performed per pa- 
tient. Eleven had air-contrast studies as well. 

Eighteen patients were hospitalized previously for bleeding, 
with the average being 2.5 admissions per patient. The average 
number of blood transfusions was eight per patient prior to diag- 
nosis. Thirteen patients were transfused an average of 16.4 units 
of blood on prior admissions. All 26 were treated with supplemen- 
tal iron therapy. Five patients had developed serumʻantibodies 
due to multiple transfusions, making cross matching difficult or 
impossible. Three had had serum hepatitis. 

Previous operative intervention at other institutions was com- 
mon. Hemorrhoidectomies performed in three cases had failed to 
stop the bleeding. Eight patients had 13 celiotomies that failed to 
disclose the site of bleeding. Invariably, these procedures were un- 
dertaken when the patient was not actively bleeding. In addition 
to the nondiagnostice laparotomies, one patient had a vagotomy 
and antrectomy for “gastritis”; one a “blind” vagotomy and py- 
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were noted on his barium enema. All of these patients subse- 
quently rebled. 


Diagnostic Evaluation for Occult Bleeding 


_ The appropriate barium studies were obtained and reviewed. 
When the routine roentgenograms were nondiagnostic, we began 
the evaluation of the occult bleeder with thorough endoscopy of 
the gastrointestinal tract. Depending on the clinical situation, 
gastroscopy was performed first, preferably while the patient was 
bleeding. A complete colonoscopic evaluation followed. If these 
studies were nondiagnostic, a celiac and superior mesenteric arte- 
riogram followed. When the patient was bleeding heavily on ad- 
mission, the arteriogram was performed immediately. Radio- 


: a isotope scanning with sodium pertechnetate Te 99m was used in 


patients suspected of having a Meckel diverticulum.” Exploratory 
laparotomy was used if the patient was bleeding enough to be in 
acute danger. Laparotomy for diagnosis was performed if all 
other maneuvers were nondiagnostic and, if possible, when the pa- 


_ tient was actively bleeding. 


RESULTS 
Endoscopy 


Ten patients underwent gastroscopy. This was diagnos- 


tie in one man. He had an isolated varix of the duodenum 
a that was seen to be bleeding slowly at gastroscopy. A 
wedge resection of the duodenum was performed and, 
since portal pressures were normal, a portasystemic shunt 


was not done. The patient had received 30 units of blood 
prior to operation and had had four normal roentgen- 


Pe ographic series of the upper part of the gastrointestinal 


tract. He has not rebled. 
Colonoscopy was done in 18 patients and was diagnostic 


on eight occasions. The lesions discovered by colonoscopy 


S = incladed three patients with endometriosis of the colon 


proven by biopsy. Bleeding ceased with hormonal treat- 


_ ment. Three patients had polyps in the colon or cecum that 


were responsible for the bleeding. These patients had had 
four, three, and one barium enemas, respectively, and two 
had undergone air-contrast studies with completely nor- 
mal results, even on a retrospective review of the x-ray 


~ films. A benign cecal ulcer and a flat ulcerating carcinoma 


of the cecum comprised the remaining two lesions dis- 
covered by colonoscopy. Both patients were treated with a 


a E: right hemicolectomy without further bleeding. 





Arteriography 


Pontteei patients underwent celiac and superior mes- 
enteric arteriography. Seven patients had lesions demon- 
strated by this technique. Five patients had arteriovenous 
malformations of angiodysplasia involving the cecum or 
ascending colon (Fig 1). Several of these patients had un- 
dergone previous exploratory procedures, with one patient 
operated on four times without success. All lesions were 
treated with a right hemicolectomy and the bleeding 
ceased in all cases. Invariably, at operation the cecum and 
colon appeared normal, necessitating a “blind” hemi- 
colectomy. Identification of these lesions pathologically 
was often extremely difficult. 

The two remaining lesions diagnosed by arteriography 
were a jejunal leiomyoma, which was treated by a small 
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phoid. Active bleeding was present, and “puddling” of 
dye visualized the lesion. 
} Isotope Scans $ 

Sodium pertechnetate Tc 99m scanning for a Meckel di- 
verticulum was done in three instances. One scan in a 2- 
year-old child was abnormal. One patient with a remote 
history of minor trauma and intermittent bleeding had an 
elevated alkaline phosphatase level that prompted a liver 
scan. This showed a large defect in the liver. Drainage of 
the subcapsular hematoma relieved the bleeding from 
hemobilia. 


Exploratory Laparotomy 


Ten patients underwent a diagnostic laparotomy for oc- 
cult bleeding. Diagnoses were obtained in eight, while two 
explorations failed to reveal the bleeding site. Those diag- 
nosed by celiotomy included four patients with regional 
enteritis, and one each with a Meckel diverticulum, tu- 
berculoma of the ileum, ulcerated jejunal carcinoid, and an 
isolated bleeding colonic diverticulum. Interestingly, in 
the four patients with regional enteritis, symptoms other 
than bleeding were not striking and all had normal small 
bowel examinations with barium. 


Adjunctive Measures With Exploratory Laparotomy 


Several adjunctive measures may occasionally be useful 
when operating on a patient with occult bleeding. Primar- 
ily, unless a patient has had a diagnosis established preop- 
eratively, it is advantageous to operate during a bleeding 
episode. This allows for a much greater chance of identi- 
fying the source of bleeding. Intraoperative endoscopy 
may allow for visualization of great lengths of small 
bowel and colon and it was used in several of our cases. 
Likewise, intraoperative arteriography may occasionally 
be necessary to identify angiodysplastic areas occurring 
in the small intestine. Marking of the bowel segments 
with radiopaque clips prior to on-table arteriography al- 
lows for a more precise localization of vascular abnormal- 
ities. 

Division of the Gastrointestinal Tract 


If after a thorough preoperative evaluation and re- 
peated exploratory laparotomies, the source of bleeding 
remains an enigma, division of the gastrointestinal tract 
offers a theoretical means of further localizing the site of 
bleeding. The proposed operation would entail division of 
the small bowel at the mid- or low jejunum and division of 
the transverse colon (Fig 2). The proximal end of the jeju- 
num would then be anastomosed to the distal end of the 
transverse colon to assure continuity of the gastrointesfi-e« 
nal tract. The distal part of the small bowel and the proxi- 
mal part of the colon could then be exteriorized as mucous 
fistulas (Fig 3). If further bleeding occurred from the ex- 
teriorized, defunctionalized portion of bowel, then it could 
be removed. If the blood loss continued through the rec- 
tum, then a second work-up would be necessary to attempt 
to find the source of bleeding. Should a further resection 
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Fig 1.—Superior mesenteric arteriograms. Top left, Early arterial 
phase shows no discrete abnormality. Top right, Early venous phase 
shows cecal arteriovenous malformation (arrow). Bottom, Late 
venous phase clearly demonstrates extent of malformation. 


be mandatory from the intact segment, then the defunc- 
tionalized limb could be restored into the alimentary tract. 

This operation has not been used in our series; however, 
we have considered it on several occasions in patients with 
particularly elusive bleeding sites. Since the majority of 
the bleeding lesions were in the terminal part of the 
ileum, cecum, or ascending colon, the defunctionalized por- 
tion of bowel should contain most of the bleeding points. 
Although indication for its use would be rare, it is none- 
theless a worthwhile operation in the armamentarium of a 
surgeon who treats such patients. 


COMMENT 


A number of diagnostic tests have been described for 
the localization of occult gastrointestinal bleeding’: roent- 
genograms, visceral angiography, Einhorn string test, 
fluorescein sodium string tests, selective aspiration of in- 
testinal contents, abdominal exploration during bleeding, 
operative transillumination of the bowel, operative endos- 
copy, operative angiography, and operative radioactive 
counting of chromium (°'Cr) tagged red blood cells for 

epooling of blood. We have had limited experience with 
several of the diagnostic methods; however, endoscopy 
and arteriography have been of immense value. 

Gastroscopy is frequently used in our institution for 
evaluation of the gastrointestinal bleeder. Its efficacy is 
well accepted. In the occult lesions, however, the upper 
part of the gastrointestinal tract is rarely the culprit. 
Patients with lesions of the upper part of the gastroin- 
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testinal tract invariably have a history of such lesions, ab- 
normal findings on physical examination, or abnormal 
contrast study results. We use gastroscopy here as an ad- 
junct to diagnosis. Of the two occult lesions of the upper 
part of the gastrointestinal tract in this series (hemobilia 
and a duodenal varix), the duodenal varix was seen at en- 
doscopy. We believe that gastroscopy is indicated and, due 
to its ready availability, safety, and ease, it is a good 
method of initiating the evaluation of a person with occult 
bleeding. 
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Fig 2.—Proposed gastrointestinal tract division. Lines indi- 
cate point of division in midsmall bowel and midtransverse 
colon. 


Colonoscopy, in contradistinction to gastroscopy, is ex- 
tremely valuable in assessing the occult bleeder. In this 
series, colonoscopy provided the diagnosis of 30% of the 
patients. Colonoscopy is difficult to perform in the face of 
active hemorrhage; however, it is mandatory in localizing 
bleeding of a chronic nature. The fact that most of the pa- 
tients with colonic lesions had received multiple barium 
enemas prior to diagnosis by colonoscopy accentuates the 
limitations of the standard barium studies in diagnosing 
many forms of colonic bleeding. 

The value of arteriography in the diagnosis of occult 
bleeding has been previously noted. Alfidi and associates’ 


- were able to arteriographically detect arteriovenous mal- 


formations of the bowel in 12 patients with unexplained 
anemia. Nine of these patients had a previous laparotomy 
without diagnosis. Nusbaum et al reported on 40 patients 
with either occult or massive bleeding studied angio- 
graphically with 12 cases of vascular ectasia or arterio- 
venous malformation diagnosed. Reuter and Bookstein‘ 
performed angiograms on 13 patients with chronic unex- 
plained melena and located the probable bleeding source 
in nine patients. Fourteen of our patients had visceral an- 
giography, with seven being diagnostic. The group of pa- 
tients with vascular malformations represented the most 
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| 
Fig 3.—Completed gastrointestinal tract division with mid- 
small bowel anastomosed to distal part of colon. Distal part 
of small bowel and proximal part of colon are removed from 
continuity and puran to skin as mucous fistulas. 


difficult in our series since they had the longest bleeding 
history, required multiple transfusions, and had under- 
gone many prior operations. Arteriograms are now a stan- 
dard part of our evaluation unless the results of endo- 
scopic examination are unequivocally abnormal. 

The role of laparotomy in the diagnosis of occult bleed- 
ing is more controversial. The timing of the operation 
may be difficult since many patients bleed slowly and di- 
rect examination of the viscera during a nonbleeding pe- 
riod may be fruitless. In all cases where the diagnosis was 
made at operation, specific pathologic abnormalities were 
visible on gross external examination of the viscera. In 
our series, if a complete preoperative evaluation was en- 
tirely normal, then the likelihood of diagnosing the lesion 
at laparotomy was high. Of the ten explorations under- 
taken with a normal work-up, eight had an abnormal 
diagnosis. The other two patients had vascular abnormaf- 
ities and were operated on without proper angiography. 
However, “blind” laparotomy for vascular malformation 
will almost certainly result in failure. 

A final note of emphasis should be given to the impor- 
tance of the physician-patient relationship in the manage- 
ment of occult bleeding. In the majority of our cases, 
sporadic bleeding or anemia brought the patient to a phy- 
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sician’s attention; results of standard barium studies were 
normal and too often the evaluation ended there without 
conveying the importance of follow-up to the patient. 
When recurrent bleeding developed, the same sequence 
was often repeated by another physician. On many occa- 
sions prior to a thorough work-up the patient underwent 
exploratory surgery without the cite of bleeding being 
found. 

Having been treated by a number of physicians in a va- 
riety of hospitals, having had repetitious barium studies 
and having received multiple transfusions as well as a 
nondiagnostic laparotomy, many of these patients present 
extremely frustrating management problems before the 
source of their bleeding is identified. We believe a philoso- 
phy of surgical treatment akin to that used for cancer 
patients is extremely helpful in these patients, eg, a 
thorough complete evaluation prior to any procedure is 
mandatory. If an operation is needed, no promise, either 
direct or implied, as to the outcome should be given. If a 
lesion is found that has likely caused the bleeding, the pa- 
tient is nonetheless carefully observed for further occult 
bleeding. Should the exploration prove clearly nondiag- 
nostic or questionable, we carefully inform the patient of 
our findings and make a concerted effort to get him to re- 
turn to us for his care if further bleeding occurs. Using 
such an approach, needless procedures may be avoided and 
the likelihood is that a persistent surgeon who knows the 
patient will ultimately detect his elusive bleeding site. 


Nonproprietary Name and 
Trademarks of Drug 


Sodium pertechnetate Tc 99m—Neipertec 99m, Pertscan-99m. 
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Discussion 


JONATHAN VAN HEERDEN, MD, Rochester, Minn: I would like to 
congratulate Dr. Richardson for bringing to us, in a lucid and con- 
wise fashion, a very challenging group of patients. 

In Rochester, we are blessed in the surgical department with a 
group of very enthusiastic and clinically oriented angiographists, 
and I have borrowed some slides from Drs. Sheedy, Fulton, and 
Atwell that I would like to share with you. © 

They have recently evaluated 88 patients in whom the work-up 
was entirely normal. This would include endoscopy and gastroin- 
testinal tract roentgenograms. I would like to confine my remarks, 
thep, to the role of angiography in the patient who has had an en- 
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tirely normal work-up. I had not seen Dr. Richardson’s manu- — 
script, and it was interesting to me to see that our figures are _ 


exactly the same as theirs. 

Of these 88 patients, 29 had had one surgical procedure for 
unexplained chronic gastrointestinal blood loss and 15 patients 
had had two or more procedures without anything being found. 


- Approximately 55 operations were performed in these 88 patients. 


Of the 88 selective angiograms, 41 (almost 50%) were abnormal, 47 
were normal, and six of these were false-negatives. 

As Dr. Richardson stated, a variety of pathological entities can 
be found. Suffice it to say that the majority, in this series of pa- 
tients, were arteriovenous malformations, and the majority of 
these were in the cecum. 

In summary then, what could we tell these patients? We would 
offer them selective angiography. In doing so, we could tell them 
that we have approximately a 50% chance of finding something. In 
this 50% of patients, we have a 50% chance of finding an arterio- 
venous anomaly at the cecum. 

EDWARD J. BEATTIE, JR., MD, New York: I would merely like to 
mention a very helpful technique if you operate and still cannot 
find the bleeding. 

I believe it was suggested by the Boston Children’s surgeons, 
where at laparotomy they passed the flexible colonoscope retro- 
grade to the stomach and then slowly withdrew it. They found 
bleeding not otherwise detectable. This might be another valuable 
technique. 

Erich W. Polak, MD, Davis, Calif: Occult gastrointestinal 
bleeding is usually not an emergency, consequently it allows for 
adequate diagnostic investigation regardless of the sequence in 
which tests are performed. However, the order in which tests are 
done is important in emergency situations because the presence of 
residual barium in the gastrointestinal tract interferes with the 
performance of subsequent tests. | 

The following sequence is used by us at the Sacramento Medical 
Center of the University of California at Davis in such instances. 
Endoscopy is the initial study, and it suffices for diagnosis in most 
cases. If a second test is necessary, selective angiography is cho- 
sen if major bleeding is present but the patient is stable. Contrast 
roentgenographic studies of the gastrointestinal tract with bar- 
ium are the third diagnostic step. Therapeutic intra-arterial infu- 
sion of vasopressin injection following diagnostic angiography has 
been associated with variable success in our experience. It is not 
exempt from risks such as tissue necrosis due to persistent is- 
chemia. Gangrene of most of the small bowel developed in one in- 
stance following an intra-arterial infusion of vasopressin injec- 
tion in the superior mesenteric artery. 

Dr. Aust: I want to thank the discussants, and especially Dr. 
van Heerden for confirming our impressions with larger numbers. 

I suppose the question comes up: what do you do when all else 
fails? Dr. Beattie has suggested another tool, but every now and 
then you exhaust your diagnostic techniques-and nothing shows 
up. We have conceived an operation that we have not yet done but 
hold in reserve for this situation. 

We have talked about this operation for over 15 years. I give Dr. 
Varco of Minnesota credit for it. Essentially what it does is to di- 


vide the bowel into two parts, each of which could sustain life if 


the other half were resected. The concept requires dividing the 
bowel in midtransverse colon and at the junction between jejunum 
and ileum. The ascending colon and ileum are defunctionalized as 
a mucous fistula and the remainder of the bowel reconstructed. 

What does this do? It gives you an opportunity the next time 
bleeding occurs to localize and remove that half of the bowel. We 
have thought about this operation, but have not yet found a pa- 
tient requiring this approach. Perhaps someone else will find a 
suitable patient. 
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Recurrence After Preperitoneal 
Herniorrhaphy in the Adult 


_ Raymond C. Read, MD 


The recurrence rate was determined for 1,186 men aged 18 to 96 
years (average, 56 years) operated on for inguinal herniation be- 
tween Jan 1, 1968 and June 30, 1974. (Mean follow-up was three 
years five months). Fourteen hundred twenty defects were repaired 
through a modified preperitoneal approach. Eight patients (0.6%), 
average age 76 years, died postoperatively. One hundred seven pa- 
tients (9.0%), average age 65 years, have died since. Seventeen per- 
cent had bilateral herniation repaired simultaneously. Ninety-four 


(6.6%) have had recurrence. Indirect inguinal defects predominated 


(58%), a recurrence rate of 3.7%. Five hundred twenty-three primary 
direct defects were repaired; 8.2% recurred. There were 237 repairs 
for recurrence in 216 patients (average age, 59 years), a recurrence 
rate of 9.7%. 


hen, in the early 1960s, Nyhus and Harkins’ popu- 

larized the preperitoneal approach to inguinal her- 
niation, they combined posterior exposure of the defects 
with, for repair, the use of the iliopubic “ligament” rather 
than the Cooper or Poupart ligament. A relaxing incision 
was considered unnecessary. Although they reported good 
results, others’? have encountered such a high recurrence 
rate, especially in patients with direct hernias, that the 
original enthusiasm for this technique has waned. Never- 


_ theless, the preperitoneal approach, although unfamiliar, 


does have important advantages. It is applicable to all 
conditions of groin herniation, it allows the identification 
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of defects in the deep transverse layer without inter- 
ference by the overlying internal oblique musculature or 
the contents of the inguinal canal, and peritoneal protru- 
sions, along with their viscera, can be controlled at their 
origin. Believing that, with the Nyhus operation, the Hes- 
selbach triangle was not adequately exposed, a new tech- 
nique was developed and has already been described.** 
Agreeing with McVay’ that the iliopubic tract was an “‘il- 
lusion,” the transversus arch was sutured down to the 
pubis and then to the inguinal ligament. Whenever a 
“complete” repair was performed, a superior relaxing inci- 
sion was made. The purpose of the present report is to 
demonstrate the recurrence rate seen in men with ingui- 
nal herniation undergoing preperitoneal herniorrhaphy 
with these modifications. 


OPERATIVE TECHNIQUE 
Exposure 


Since our approach to the groin has not changed over the past 
decade and since illustrated details have been published,’ only the 
major variations from the Nyhus procedure will be outlined here. 

Incision.—The transverse skin incision is higher, being made 
three to four fingerbreadths above the pubis or one fingerbreadth 
below the anterior superior iliac spine. It is longer, extending me- 
dially to just beyond the midline or, in the case of bilateral hernia- 
tion, to the other side and laterally as far as 2.5 cm inside the lirfe e 
of the anterior superior iliac spine. The emphasis is on being 
above the hernial defect, not over it. No effort is made to expose 
the external inguinal ring, which is left undisturbed. The larger 
the herniation the more cephalad the incision, except that it must 
lie below the level of the linea semicircularis, otherwise the poste- 
rior sheath grips the rectus muscle, which cannot be released 
properly. The underlying anterior rectus sheath is then tran- 
sected, again to just beyond the linea alba. Similarly, the lateral 
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abdominal musculature, including the fascia transversalis, is cut 
to the limit of the skin incision. 

Reflection of Inferior Musculoaponeurotic Flap.—No attempt is 
made td expose the groin until the anterior rectus sheath and, lat- 
erally, the transversus abdominis aponeurosis are released infe- 
riorly and retracted forward away from the rectus abdominis 
muscle, which is allowed to remain in the preperitoneal plane with 
the inferior epigastric vessels. To accomplish this goal, two ma- 
neuvers are required. First, the anterior rectus sheath is dissected 
from its muscle by finger dissection and a few brushes of the scal- 
pel down to the pubis. An occasional blood vessel has to be cauter- 
ized. Next, with the thumb placed in the pocket already made un- 
der the anterior rectus sheath and the forefinger placed down and 
laterally in the preperitoneal space, a membrane is felt to attach 
the lateral border of the rectus abdominis to the deep surface of 
the transversus abdominis aponeurosis. This generally avascular 
rectus abdominis fascia of McVay and Anson,’ a part of the trans- 
versalis fascia, has to be split before the rectus muscle can be re- 
tracted medially but not forward as in the Nyhus approach. The 
anterior musculoaponeurotic flap can then be held forward in its 
entirety, revealing the back of the groin. 


Repair 


The finger is swept down the deep surface of the inferior mus- 
culoaponeurotic flap so that any fatty or peritoneal protrusion is 
separated from the floor of the inguinal canal. In doing this, the 
spermatic cord is identified and finger-dissected. Most direct her- 
nias are revealed by the pseudosac of stretched redundant trans- 
versalis fascia. Peritoneal protrusion in this area is rare, but occa- 
sionally a diverticular type is seen. An indirect inguinal hernia or 
herniation into the spermatic cord is determined by opening the 
general peritoneal cavity just above the internal inguinal ring and 
fingering for a processus vaginalis. Femoral and direct hernial 
peritoneal protrusions are ruled out at the same time. From inside 
the peritoneal cavity, the neck of the processus is divided and the 
peritoneum closed, leaving the sac open distally. Any visceral con- 
tent is, of course, dealt with. It is important to recognize extra- 
peritoneal protrusions of fat into the internal ring (lipomas). 
These occur more frequently than is generally recognized and, if 
not removed, can cause recurrence. Extraperitoneal sliding her- 
niation of viscera is similarly delivered back into the abdominal 
cavity. 

The fascial defects in the groin are now considered. I have 
never used just transversalis fascia in repair but have included it 
in stitches passed more deeply into the transversus abdominis 
aponeurosis. When this is inadequate, its muscle or the underlying 
internal oblique and even, in some patients with marked atrophy 
of the abdominal wall, external oblique are used. The superior su- 
tures are brought down to the pubic tubercle and the beginning of 
the Cooper ligament medially and the inguinal ligament laterally. 
In most patients, more than tightening of the internal ring has 
been required, perhaps because of their age (42% over 60 years). 
Thus in 84% of indirect hernias a “complete” repair was per- 
formed, placing the stitches medial to the cord, which is retracted 
laterally. There is no tension in this placement because the origi- 

ħal abdominal incision relaxes the closure. It is important to get 
good bites of tissue in the transversus arch. The inguinal ligament 
is easy to identify by palpation through the remaining trans- 
versalis fascia. A relaxing incision has been considered mandatory 
in all patients who have either recurrent herniation or direct her- 
niation, excepting the few of the latter having a small diver- 
ticulfħ in good surrounding fascia. Further, it has been used in 
all patients having a complete repair for indirect inguinal hernia- 
tion When the internal ring alone is tightened with perhaps a 


, 
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partial repair of the Hesselbach triangle, its use has been optional. 


The relaxing incision is made across the width of the anterior rec- 


tus sheath about 5 cm cephalad to the original incision. Prosthetic 
material has only been used two or three times. Suture material is 
2-0 silk or prosthetic material that is also used to close the abdomi- 
nal incision, one interrupted layer in the anterior rectus sheath 
and two layers laterally in the abdominal musculature. The skin is 
closed without drainage. 


RESULTS 
I had hoped to be able to present a consecutive prospec- 


tive study of patients undergoing herniorrhaphy as de- - 


scribed above. Unfortunately, this was not possible be- 
cause of three exclusions: , 

1. Eleven patients who had simultaneous hydrocele and 
inguinal hernia were operated on, in conjunction with the 
urology staff, from the anterior approach. 

2. Another 13 patients also had a classical incision since 
their hernias were questionable on physical examination 
but they had been denied employment because of a dilated 
external ring. l 

3. The final and more important exclusion that we did 
not invoke in the abstract or preliminary report’ was the 


finding that, under the influence of the book by Nyhus and -S 
Harkins’ as well as other presentations made in the 1960s, 


some of our residents used a relaxing incision only occa- 
sionally in patients operated on for recurrent hernias or 
direct defects. Further, some other patients were operated 
on by the technique we used in 1966 and most of 1967; that 
is, the Cooper ligament attachment of the complete repair. 
In order to obtain a consistent trial of the repair described 
above, we retrospectively excluded from the results 131 
cases with these three types of deviation from the proto- 
col. This reduced our numbers, especially in 1968 and 1969. 
The maximal yearly case load was in 1970. We have added 
our six months’ experience in 1974. 

Therefore, during the period Jan 1, 1968 to June 30, 
1974, a total of 1,186 men aged 18 to 96 years (average, 
56 + 16 SD) with inguinal herniation had 1,420 defects re- 
paired by the technique described above. Of these, 83.2% 
were primary, the remainder being recurrent (Table). 
These operations, almost all carried out under spinal anes- 


thesia, were performed by 59 residents. Eight patients — 


(0.6%), aged 64 to 82 years (average, 76), died within 30 
days of surgery. Four of these deaths were from heart dis- 
ease, two from pulmonary embolism, one from renal fail- 
ure, and one from an unknown cause. Forty-seven proce- 
dures were emergent, 16 patients having strangulated 
bowel. Concurrently, 21 femoral hernias were treated by 
the same method. 

From the outset an effort was made to obscure all of 
these patients in our outpatient clinic. However, 107 or 9%, 
whose ages averaged 65 years, have since died, the major- 
ity from heart disease or cancer. Twenty-one percent have 
not been examined repeatedly by our staff. Nevertheless, 
we have obtained information on most of these from other 
hospitals, nursing homes, and letters written by either the 
patient or, when incompetent, his family. Thus, the fol- 
low-up is approximately 90% over an average period of 
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three years five months. One hundred sixty-nine patients 


_ (17%) had bilateral herniation, both sides being operated 
= on at the same time. We have counted these repairs as two 
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since either can recur and in many series they would have 


been operated on sequentially. A total of 94 (6.6%) repairs 
recurred (including four incisional hernias), 49 of them 
being reoperated on. 


Indirect Inguinal Herniation 


Five hundred thirty-four patients (45%) had primary in- 
direct inguinal herniation on one side, the right side pre- 
dominating (58%); another 43 (3.6%) had bilateral indirect 
defects, while 75 had distinct indirect and direct defects 
on one side (35, 3%) or separated, one to each side (40, 
3.4%) (Fig 1). Their mean age was 56.5 + 16 years (range, 
18 to 96); height, 175.8 + 7.6 em (69.2 +3 inches); and 
weight, 73.7 + 12.2 kg (163 + 27 lb). Since we have cate- 


gorized the 35 unilateral pantaloon defects under direct 


hernias, we count 660 primary indirect repairs, 56% of all 
defects operated on for the first time or 46% of the total. 
Eighteen hernias had no processus vaginalis, just extra- 
peritoneal fat (lipomas). Four of these were bilateral. De- 


-~ lay between onset and operation averaged four years. 


i 
= 


Twenty-three patients had developed large sliding compo- 
nent: bladder, colon, mesocolon, or cecum. Twenty-three 
repairs are known to have recurred (3.8%). 


Direct Inguinal Herniation 


Four hundred seventeen patients, average age 55 + 13 
years (range, 20 to 84); height, 174.2 + 7.9 cm (68.6 + 3.1 
inches); and weight, 73,5 + 13.1 kg (162.2 + 29 1b), had 523 
primary direct defects repaired, 44% of all operated on for 
the first time or 37% of the total (Fig 2). Two hundred sev- 


_ enty-six were unilateral direct defects, whereas 43 pa- 


tients had bilateral defects repaired. Sixty percent of the 
unilateral hernias were right-sided. The period between 


_ onset and repair averaged six years. Forty-three repairs 


Fig 1.—Yearly case load of indirect inguinal herniation and its 
known rate of recurrence. 
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recurred (8.2%). Right direct herniation recurred more, 
than left, 11.5% versus 6.3%. Eleven of the 72 repairs per- 
formed in the 36 patients with bilateral defects recurred 
(6.4%). : 


Recurrent Inguinal Herniation 


Two hundred sixteen patients, aged 25 to 88 years 
(mean, 59 + 12), had 237 repairs for recurrence, 16.7% of 
the total. Only 44 of these patients had been previously 
operated on by the preperitoneal approach; most of the re- 
maining 172 had their surgery elsewhere by the classical 
anterior approach. One hundred eighty-seven repairs were 
for “first-time” recurrences, 37 had previously been re- 
paired, nine had had three recurrences, and four had had 
four. Whereas most of the recurrences were unilateral, 11 
were bilateral. Six of these latter had an indirect defect on 
one side and a direct on the other, three were bilateral di- 
rect, and two were bilateral indirect. One of these latter 
had lipomas alone; there were two other unilateral lipomas 
without a sac in this recurrent group. The 172 patients op- 
erated on previously through the classical approach were 
found to have predominantly indirect recurrences, 1.3 to 1; 
however, the 44 patients operated on through the pre- 
peritoneal approach had a marked predominance of direct 
recurrences, 2.2 to 1. The recurrence rate of these recur- 
rent operations was also different, being 5% for those orig- 
inally operated from the anterior approach and 20% in 
those previously repaired from the posterior exposure. The 
overall recurrence rate for our recurrent hernia operations 
was 9.7%. Over a three-year period, recurrences appeared 
half within 12 months and another third by the second 
year. Seven recurrences were found to be femoral hernias, 
six of them being in those patients operated on previously 
by the classical approach. On a yearly basis, the number of 
recurrences varied from 0 in 1973 to nine in 1970. Four- 
teen of the 23 rerecurrences have been operated on at 
least once more; the results are included in the overall re- 


Fig 2.—Yearly case load of direct inguinal herniation and its 


known rate of recurrence. 
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/ current herniation data. 
COMMENT 


The crux of the hernia problem remains the high recur- 
rence rate encountered in patients whose inguinal canal 
floor has been largely destroyed, primarily, as in direct de- 
fects, in association with a large indirect sac or following 
previous surgery. These difficult problems occur in pre- 
dominantly poor, debilitated, and undernourished older 
men who ean be shown to have attenuation” of the ab- 
dominal aponeuroses with a deficiency of collagen measur- 
able, =? even some distance from the defect itself. Since 
the proportion of elderly in our population is increasing 
and rupture in the aged is now being treated operatively 
rather than by a truss, a continuing evaluation of newer 
developments is obviously warranted. 

The preperitoneal, rather than the classical, exposure 
seems more likely to be developed into the ideal approach 
to inguinal herniation since it is universal, allows the peri- 
toneal cavity to be fingered, and exposes all of the floor of 
the inguinal canal. The procedure proposed by Nyhus and 
Harkins’ allowed the operation to be conducted lateral to 
the rectus abdominis rather than medially through the 
linea alba, as originally outlined by Cheatle’* and Henry.” 
However, one still had to approach the Hesselbach tri- 
angle from behind the rectus abdominis and its blood sup- 
ply, the inferior epigastric vessels, which were frequently 
torn. Exposure of the groin was better laterally, where the 
rectus muscle did not block the view; the tendency, there- 
fore, was to repair the internal ring lateral to the cord in- 
stead of maintaining its obliquity by placing the sutures 
medially. In contrast, the technique that we have used for 
essentially all groin hernias since 1966 is not only pre- 
peritoneal but also prerectus, the muscle being allowed to 
remain in the preextraperitoneal plane. Failure to divide 
the rectus fascia of McVay is, I believe, one reason for the 
poor results that many who have used the Nyhus pre- 
peritoneal approach have had in their repair of direct 
inguinal herniation because, unless this is done, the Hes- 
selbach triangle cannot be properly exposed. Another, per- 
haps more important, factor leading to recurrence is the 
use of transversalis fascia bordering the defects in their 
repair. Studies indicate nearly all inguinal herniation in 
men is caused by a presumably acquired failure of trans- 
versalis fascia, part of a more generalized deficiency or, 
perhaps, toxic disease of collagen.’ In some this becomes 
near-total and no transversalis analogue can then be re- 
lied on alone for repair. 

The classical paramedian relaxing incision cannot be 
used easily with preperitoneal exposure (although some 
have tried"’) since the anterior rectus sheath is transected. 
It suffers, anyway, from two weaknesses. First, maximal 
tension occurs inferiorly and laterally; second, the rectus 
abdominis fascia of McVay, by its deep attachment to the 
transversus abdominus aponeurosis, while protecting 
against iatrogenic lateral ventral herniation, limits the 
slide. We have used an upper transverse relaxation ceph- 
alad to the linea semicircularis. It is limited medially by 
the linea alba and laterally by the posterior rectus sheath 
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as it passes around the border of the rectus abdominis 
muscle. Relaxation is not restrained and it provides more 
lateral relief since the anterior rectus sheath widens ceph- 
alad. Being approximately parallel to the abdominal inci- 
sion and not at right angles to the pubis, the superior 
transverse relaxing incision has a mechanical advantage 
over the classical. 

I, like Halverson and McVay,” do not understand how 
some surgeons are able to report good results in the treat- 
ment of direct herniation without using a relaxing inci- 
sion. Presumably, they support the stretched transversus 
aponeurosis by an overlap of external oblique aponeurosis. 
For theoretical and practical reasons we have not used 
this layer in our repair and have had apparently satis- 
factory results without it. A relaxing incision would not 
be necessary if prosthetic material was used to replace the 
defect. A number of British surgeons have done just this," 
using the preperitoneal approach.® We are presently 
studying this possibility. 

The purpose of this report was to establish the fact that 
preperitoneal herniorrhaphy need not be consigned only 
to the management of patients with femoral herniation, 
where many authorities agree it is the treatment of 
choice, and the small indirect sac encountered during lap- 
arotomy. As Blaisdell et al” stated, there should be no dif- 
ference in results whether the sutures are put in from 
above or below. Obviously the outcome can be good or bad 
through any approach, depending on the type of repair 
and the skill with which it is executed. It is irresponsible 
to blame the approach for the results of repair unless it 
can be shown it is not possible to perform a proper repair 
through the posterior exposure. Our results demonstrate 
that, in a “difficult” population, satisfactory repair of all 
types of groin hernias can be obtained from behind. 
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Discussion 


CHESTER B. McVay, MD, Yankton, SD: I do not mean to imply 
that we do not use the preperitoneal approach. For many years, 
we have used it as an incidental procedure when operating in the 
abdomen for some other reason, usually for the indirect inguinal 
hernia. We have repaired an occasional femoral hernia pre- 
peritoneally, but never a direct inguinal hernia. 

In the past 15 years, we have been using the preperitoneal ap- 
proach, almost exactly as Dr. Read has described it, for multiple 
recurrent hernias in which we simply gather the loose material to- 
gether and then cover the entire area with a sheet of poly- 
propylene (Marlex) mesh. 

I am not going to deliver a lecture but, very briefly, we ob- 
viously prefer the anterior approach for a direct inguinal hernia 
because we like to excise the attenuated tissue and work with 
clean-cut edges. We also think that we can better evaluate the 
strength of the arching border of the transversus abdominis apo- 
neurosis. We prefer the medially placed relaxing incision because 
it permits a shift of the rectus sheath into the position for a new 
posterior inguinal wall and we can directly evaluate tension on the 
suture line. 

We never have trouble finding the femoral sheath in the ante- 
rior approach, but identifying it from behind is a little tricky. Fi- 
nally, and this is an obvious bias, we like to have clean-cut dis- 
sections. I approve completely of Dr. Read’s approach to the 
preperitoneal space. I would stress, however, that for those who 
are not familiar with it should study the anatomy very carefully, 
because it can be a bit confusing. 

Dr. Read mentions that the incision he uses is below the linea 
semicircularis. As I understand Dr. Read’s description of the inci- 
sion, it is some 5 or 6 em above the public crest, and so I would 


simply ask, how often do you encounter a posterior rectus sheath? 


In a study of 100 cadaver dissections, the linea semicircularis was 
very low in 2% of the cases. 

I would now like to comment about your relaxing incision. I 
would guess that your relaxing incision would be a few centime- 
ters below the umbilicus, and you cut through the anterior rectus 
sheath for the width of the rectus muscle. Your relaxing incision 
gaped. However, it cannot relax the transversus abdominis layer 
and that portion of the internal oblique layer that contributes to 
the posterior rectus sheath. Therefore, I would ask you to explain 
how the relaxing incision removes tension from your hernia re- 
pair. 

One should remember that the patient is exposed to a recur- 
rence as an incisional hernia, in addition to a recurrent groin her- 
nia. For the preperitoneal repair of the direct inguinal hernia, I 
should perhaps voice a word of caution on your optimism about the 
long-term results. In the 127 patients that you operated on in 1970 
with direct inguinal hernias, at a four-year follow-up there was al- 
ready a 14% recurrence rate. The overall rate of all of these in 
your study is 8.2%, and the average follow-up is between 2% and 
three years. 

In 1969, we reviewed 1,211 hernioplasties performed between 
1946 and 1968, with a one- to 22-year follow-up. Time does things 
to one’s recurrence rate. Of the 580 hernioplasties performed be- 
tween 1946 and 1956, the hernias continued to recur over many 
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years. Our overall recurrence rate in the 1,211 patients with her- 
nias was 3.8%; if we project that by our formula, the 3.8% becomes 
4.3%. I think this is fairly accurate and is the percent of recur- 
rences in the 22-year follow-up. 

I am afraid, Dr. Read, that by projecting your present recur- 
rence rate, you are eventually going to have at least a 20% recur- 
rence rate for direct inguinal hernias. 

I would like to ask you the following questions: 

1. How often do you encounter a posterior rectus sheath in your 
incision? And, if you do, is there a problem? 

2. Please explain how your relaxing incision works. 

3. What do you think about my rather dour prediction regard- 
ing your eventual recurrence rate for preperitoneal hernioplasty 
in the direct inguinal hernia group? 

Luoyp M. Nyuus, MD, Chicago: I suppose the only reason I 
should enjoy this paper is because my name was mentioned in the 
abstract and was constantly brought up during the presentation. 
Dr. Read and I are good friends, so this discussion has to be taken 
in that vein. 

I have stressed two aspects of groin hernia treatment, the oper- 
ative approach and the repair using the iliopubic tract. The for- 
mer is an old concept, the latter is relatively new. 

Dr. Read likes the approach, but he completely rejects the 
iliopubic tract repair. We appreciate his concurrence with the ap- 
proach, but we reject his use of the inguinal ligament in his repair. 

If the inguinal ligament is to be used, we can see no advantage 
to the use of the posterior approach, which is designed to view and 
correct defects in the posterior abdominal wall strata, that is, the 
transversalis fascia layer. If the knowledge gained through these 
years concerning the importance of the posterior inguinal wall is 
to be forgotten, of course, we must go back to use of the inguinal 
ligament. 

What have been the results of using the inguinal ligament in 
the repair from the posterior approach as reported by Dr. Read? 
You just heard some 20 years’ projections. I would say right now 
they are not very good. 

The recurrence rate reported for indirect inguinal hernia repair 
was 3.7% and, for direct hernia repair, 8.2%. These figures differ 
little from the standard recurrence rates using the inguinal liga- 
ment from the anterior approach. 

In nearly 20 years of study of this subject, we have learned the 
following: 

1. The preperitoneal approach and iliopubie tract repair are 
very satisfactory for femoral hernia, recurrent hernias, and indi- 
rect sliding hernias. 

2. Small indirect hernias are best treated by high ligation of the 
sac and plastic closure of the transversalis fascia at the interna 
ring by the anterior approach. 

3. Large indirect and direct hernias are best treated by the 
McVay-Cooper ligament repair from the anterior approach. And 
please remember that this repair does not use the inguinal liga- 
ment and is a reconstruction of the posterior inguinal wall. 

4. If a direct hernia is repaired from the posterior approach, a 
relaxing incision is mandatory, and, in addition, it is suggested 
that a patch of Marlex mesh be used to buttress the repair. + 
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5. The iliopubic tract repair for small direct and indirect her- 
nias from the anterior approach is a joy to perform and very satis- 
factory. 

Thus, we now believe in individualizing the approach and the re- 
pair to specific types of groin hernias. We see no reason that one 
approach or one repair must be the cure-all of groin hernias. 

Finally, Dr. Read speaks of the iliopubic tract as an illusion. 
This is absolute nonsense. It is obvious that Read and Nyhus must 
meet on the field of honor, that is, to stand together at the oper- 
ating table and resolve our differences to this important anatomic 
matter. 

Mark M. Ravitcu, MD, Pittsburgh: Could I ask one question: 
What happens when you get an infection in this wound? Do you 
get two hernias as a result? 

Dr. Reap: Dr. Ravitch has raised an important point. There is 
one inalienable objection to the preperitoneal approach: you do 
have the prospect of getting a ventral hernia. However, many of 
these patients essentially have a ventral hernia to begin with. In 
these repairs, we have something like a 0.3% incidence of a recur- 
rent ventral hernia. In other words, in four or five cases our resi- 
dents or myself failed to close the transverse incision properly, 
and, if you have infection, you can get a hernia there. That is 
quite true. 

In regard to Dr. McVay’s questions, it is true that once in a 
while there is a posterior rectus sheath at our usual operative 
level, but I have not encountered this in maybe more than one pa- 
tient out of 200 or 300. I generally blame the resident for making 
the incision too high. There is a little variation. McVay found it in 
2%. The incision is made three to four fingerbreadths above the 
pubic symphysis, and we do not run into the linea semicircularis 
very often. It has not been a problem. When it does appear, then it 





makes it more difficult. 

The classical relaxing incision is not that perfect; being in the 
anterior rectus sheath above the linea semicircularis, it does not 
relax the transversus abdominis layer itself, but we use this be- 
cause the rectus muscle is much broader where the relaxing inci- 
sion is just below the umbilicus. It thus tends to give us some lat- 
eral relaxation as we draw the layers down, but it is not perfect. 
We have really been a little disappointed with the relaxing inci- 
sion. 

If you look at the rectus fascia of McVay, which attaches the 
deep surface of the transverse layer to the lateral border of the 
rectus, that limits the slide. It also prevents herniation. It pre- 
vents us getting a Spigelian hernia lateral to the rectus muscle 
when we do the classical paramedian relaxation longitudinally in 
the anterior rectus sheath. I think we are going to have to use 
prostheses in some of these people. 

In regard to Dr. McVay’s results, he operated on something like 
15% of patients over 60 years of age. If you look at his review 
started in 1946, we were not then operating on many elderly 
people. The percentage of aged has gone up recently. We operated 
on men 42% of whom were over 60, and I think he operated on 
women and a few children. You can hardly get a recurrence in a 
child or a woman. So that I think that his recurrence rate is very, 
very fine, but I would like to see him do the same with our popu- 
lation. This discussion points up again that you cannot argue 
about figures unless you have a randomized study. 

In reply to Dr. Nyhus, I agree that these results are not as good 
as he reported with the iliopubic tract repair 15 years ago. How- 
ever, he did not have an extensive follow-up and others have not 
got the results he has obtained. 


Preperitoneal Herniorrhaphy/Read 671 








ey eee 


| 
“| 





NET ES 











Sa as EE 


> =g xs 
` + 








eliable and safe hemostat 


to help control small-vesse! bleeding > — 
without injuring vital tissue- 


TRADEMARK 


Absorbable Hemostat ~ 
oxidized regenerated cellulose). 


SURGICEL Absorbable Hemostat 


TRADEMAR 
(oxidized regenerated cellulose) 


FOR SURGICAL USE 
(For dental applications of this product, refer- 
ence should be made to the package insert for 
dental use.) 


DESCRIPTION: SURGICEL Absorbable Hemo- 
stat is a chemically-sterilized, absorbable 
knitted fabric prepared by the controlled oxi- 
dation of regenerated cellulose. The fabric is 
white with a pale yellow cast and has a faint, 
carame!-like aroma. It is strong and can be 
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sutured or cut without fraying. It is stable and 
can be stored at controlled room temper- 
ature. A slight discoloration may occur with 
age, but this does not affect performance. 


ACTIONS: The mechanism of action whereby 
SURGICEL accelerates clotting is not com- 
pletely understood, but it appears to be a 
physical effect rather than any alteration of 
the normal physiologic clotting mechanism. 
After SURGICEL Absorbable Hemostat has 
been saturated with blood, it swells into a 
brownish or black gelatinous mass which aids 
in the formation of a clot, thereby serving as 
a hemostatic adjunct in the control of local 
hemorrhage. When used properly in minimal 
amounts, SURGICEL is absorbed from the 
sites of implantation with practically no tissue 
reaction. Absorption depends upon several 
factors including the amount used, degree of 
saturation with blood, and the tissue bed. 


INDICATIONS: SURGICEL Absorbable Hemo- 
stat (oxidized regenerated cellulose) is used 
adjunctively in surgical procedures to assist 
in the control of capillary, venous, and small 
arterial hemorrhage when ligation or other 
conventional methods of control are imprac- 
tical or ineffective. 


CONTRAINDICATIONS: Although packing or 
wadding sometimes is medically necessary, 
SURGICEL Absorbable Hemostat should not 


be used in this manner unless it is to be re- 
moved after hemostasis is achieved. 

SURGICEL should not be used for implan- 
tation in bone defects, such as fractures, 
since there is a possibility of interference 
with callus formation and a theoretical chance 
of cyst formation. 

When SURGICEL is used to help achieve 
hemostasis around the spinal cord in lam- 
inectomies, or around the optic nerve and 
chiasm, it must always be removed after 
hemostasis is achieved since it will swell and 
could exert unwanted pressure. ô 

SURGICEL should not be used to contri? 
hemorrhage from large arteries. 

SURGICEL should not be used on non- 
hemorrhagic serous oozing surfaces, since 
body fluids other than whole blood, such as 
serum, do not react with SURGICEL to pro- 
duce satisfactory hemostatic effect. 


WARNINGS: SURGICEL Absorbable Hemostat 
is supplied sterile and should not be auto- 
claved because autoclaving causes physical 
breakdown of the product. 

SURGICEL is not intended as a subs#tute 
for careful surgery and the proper use of 
sutures and ligatures. 

Closing SURGICEL in a contaminat 
wound without drainage may lead to commi 
cations and should be avoided. 

The hemostatic effect of SURGICEL 







Rapid and complete absorption with A 

virtually no tissue reaction when used.» 
properly in minimal amounts for hemostasis == 
SURGICEL Absorbable Hemostat is "= 
completely absorbable from sites of ~ 
implantation after it has becomea 4 = 
gelatinous mass that aids inthe ~ = 
formation of a clot. ama: 
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Convenient to use. SURGICEL ~ 
Absorbable Hemostat requires no addi- gj 
tional hemostatic preparation; it is ready for 
use directly from the vial. When exposed 
to blood, it adheres readily to tissues but 
generally not to dry instruments or dry surgical 
gloves. SURGICEL Absorbable Hemostat™== 
should be stored at controlled room temperature: ™ 
Before using SURGICEL Absorbable Hemostat, = 
please refer to product information below. 


greater when it is applied dry; therefore it 
should not be moistened with water or saline. 

SURGICEL should not be impregnated with 
anti-infective agents or with other materials 
such as buffering or hemostatic substances. 
Its hemostatic effect is not enhanced by the 
addition of thrombin, the activity of which is 
destroyed by the low pH of the product. 

Although SURGICEL Absorbable Hemostat 
may be left in situ when necessary, it is ad- 
visable to remove it once hemostasis is 
achieved. It must always be removed from 
the,site of application after use in laminec- 
temy procedures and from foramina in bone 
when hemostasis is obtained. This is because 
SURGICEL, by swelling, may cause nerve 
damage by pressure in a bony confine. Pa- 
ralysis has been reported when used around 
the spinal cord, particularly in surgery for 
herniated intervertebral disc. 


PRECAUTIONS: Use only as much SURGICEL 
Absorbable Hemostat as is necessary for he- 
mostasis, holding it in place until bleedin 

stops. Remove any excess before surgica 
closwre in order to facilitate absorption and 
minimize the possibility of foreign body 


wo Faction. 


SURGICEL should be applied loosely 
against the bleeding surface. Wadding or 
pgcking should be avoided, especially within 

gid cavities, where swelling may interfere 
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with normal function or possibily cause 
necrosis. 

In urological procedures, minimal amounts 
of SURGICEL should be used and care must 
be exercised to prevent plugging of the 
urethra, ureter, or a catheter by dislodged 
portions of the product. 

Since absorption of SURGICEL could be pre- 
vented in chemically cauterized areas, its use 
should not be preceded by application of sil- 
ver nitrate or any other escharotic chemicals. 

If SURGICEL is used temporarily to line the 
cavity of large open wounds, it should be 
placed so as not to overlap the skin edges. 
It should also be removed from open wounds 
by forceps or by irrigation with sterile water 
or saline solution after bleeding has stopped. 

Precautions should be taken in otorhino- 
laryngologic surgery to assure that none of 
the material is aspirated by the patient. (Ex- 
amples: controlling hemorrhage after tonsil- 
lectomy and controlling epistaxis.) 

Care should be taken not to apply SURGI- 
CEL too ee when it is used as a wrap 
during vascular surgery (see "ADVERSE 
REACTIONS” section). 


ADVERSE REACTIONS: “Encapsulation” of fluid 
and foreign body reactions have been reported. 

There have been two reports of stenotic 
effect when SURGICEL Absorbable Hemostat 
has been applied as a wrap during vascular 


Wide hemostatic application in surgery. 
SURGICEL' Absorbable Hemostat is a pliable 
knitted fabric that has been found to be inherently 
and dependably hemostatic when used as an aid in 
the control of small-vessel bleeding in abdominal, 
thoracic, neurosurgical, orthopedic, cardiovascular, 
gynecologic and otorhinolaryngologic procedures, 
in superficial open wounds and on donor sites. 
SURGICEL Absorbable Hemostat is a valuable 
adjunct in the control of small-vessel bleeding when 
ligation or other conventional methods of control 
are impractical or ineffective. 


















surgery. Although it has not been established 


-that the stenosis was directly related to the 


use Of SURGICEL, it is important to be cau- 
tious and avoid applying the material tightly 
as a wrapping. ‘ 
Possible prolongation of drainage in cho- 
lecystectomies and difficulty passing urine 
per urethra after prostatectomy have been 
reported. There has been one report of a 
blocked ureter after kidney resection, in 
which postoperative catheterization was 
required. 
Occasional reports of “burning” and “‘sting- 
ing” sensations and sneezing when SURGI- 
CEL has been used as packing in epistaxis, 
are believed due to the low pH of the product. 
Burning has been reported when SURGI- 
CEL was applied after nasal polyp removal 
and after hemorrhoidectomy. Headache, burn- 
ing, stinging, and sneezing in epistaxis and 
other rhinological procedures, and stinging 
when SURGICEL was applied on surface 
wounds (varicose ulcerations, dermabrasions, 
and donor sites) also have been reported. 
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En Bloc Resection 


of Primary Melanoma With 


Regional Lymph Node Dissection 


Joseph G. Fortner, MD; David Schottenfeld, MD; Barbara J. Maclean 


En bloc resection of the primary melanoma with the regional 
lymph node drainage basin as a method of controlling disease within 
the area was used in 281 patients with stage | or II melanoma arising 
on the extremities (proximal to wrist or ankle) or on the trunk from 
1954 through 1964. The en bloc operation was performed in 212 pa- 
tients with a five-year cure of 73.5% (156 of 212). Seventy-six per- 
cent had histologically negative nodes. Only 2% developed regional 
recurrence. 

Sixty-nine patients had a discontinuous dissection. The five-year 
cure was comparable: 68% (47 of 69). The incidence of histologically 
negative nodes was similar (77%), but the regional recurrence rate 
was 14%. This difference is significant at P < .01. The incontinuity 
or en bloc procedure appears highly effective for its designed pur- 


pose. 


he area between the primary melanoma and its 
regional lymph node drainage basin may contain oc- 

cult metastatic cancer cells. This danger has been man- 
aged by diverse methods. Regional perfusion of extrem- 
ities with melphalan or other chemotherapeutic agents 
has been effective in some instances.' Wide excision of the 
primary site with a three- to six-week delay before elec- 
tive node dissection has been a common practice.’ This ar- 
bitrary interval is to allow in-transit cells sufficient time 
to reach regional lymph nodes. This report evaluates a 
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third method, that of incontinuity dissection of the pri- 
mary site and regional lymph node drainage basin, remov- 
ing subcutaneous lymphatics and underlying fascia be- 
tween these two areas. 


PATIENTS AND METHODS 
Surgical Technique 


Skin incision is centered on an area that is the most direct route 
of lymphatic drainage between the primary site and the regional 
lymph node drainage basin. Usually, this follows major venous 
vascular drainage routes. For example, on the lower extremity the 
incision will be centered over the course of the greater saphenous 
vein; on the upper extremity, over the course of the cephalic or 
basilic veins; but on the trunk it is usually charted along a direct 
route. Skin flaps are developed along a plane that lies just above 
the superficial fascia. To refer to “too thick” or "too thin” flaps is 
inappropriate since thickness will be determined by the particular 
patient’s anatomy. Flaps are created along a white line that devel- 
ops with traction and countertraction on the skin and subcutane- 
ous tissue. For the thigh, boundaries of dissection are the medial 
and lateral limits of the inner half; for the leg, the medial half; for 
the trunk, about 10 cm on either side of the incision. 

After the flaps have been created, the incision is carried 
through the subcutaneous tissue and fascia to the muscle, and the 
block of tissue is removed from the underlying, shining msucle. 
The surgical specimen is a fascial envelope composed of super- 
ficial and deep fascia. It contains the subcutaneous lymphaticse 
which are encased with the site of the primary melanoma at one 
end of the specimen, the other end being composed of the contents 
of the regional lymph node dissection. 


Patients 


The charts of all patients with malignant melanoma who were 
seen at Memorial Hospital from 1954 through 1964 were reviewed. 
Patients with previously untreated malignant melanoma with ei- 
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Anatomic Location of Primary Lesion and 
Type of Dissection Performed 


Discontinuous 
10 (9%) 


Incontinuity 
107 (91%) 
Extremity: on or above 
elbow or knee 
Extremity: forearm 
or leg 


90 (86.5%) 14 (13.5%) 


ther stage I or stage II disease that had originated either on the 
extremities proximal to the wrist or ankle or on the trunk were 
separated out for the study. Patients with melanoma of the head 
or neck region, those with stage III disease, or those having had a 
major amputation were excluded. Two hundred eighty-one pa- 
tients constitute the study group. Two hundred twelve of these 
had an incontinuity dissection and 69 were treated by a dis- 
continuous procedure. 


RESULTS 


The anatomic location of the primary lesion generally 
dictated the type of dissection. The number of patients 
did not permit conclusions to be drawn as to which proce- 
dure had a higher five-year cure rate for a given anatomic 
site (Table). The incontinuity procedure was generally 
used for melanomas arising above the elbow, knee, and on 
the trunk. The discontinuous procedure was the dissection 
of choice for most lesions below the knee and elbow. The 
overall five-year eure rate for the entire series was 72.2% 
(203 of 281). For the incontinuity dissection the five-year 
cure was 73.5% (156 of 212), and for the discontinuous pro- 
cedure 68% (47 of 69). Melanomas distal to the forearm 
and leg are not included in the present study as all of the 
dissections were discontinuous. Nevertheless, it should be 
noted that treatment of these lesions by the discontinuous 
procedure was less successful than that of other sites stud- 
ied. Their five-year cure was 62% (12 of 21) for stage I and 
8% (one of 13) for stage II lesions. 

The proportion of patients with histologically negative 
nodes was essentially the same in both groups: 76%, in- 
continuity; 77%, discontinuous. The five-year cure rate was 
85% (138 of 162 patients) after an incontinuity procedure 
and 77% (41 of 53 patients) after the discontinuous proce- 
dure. These differences are not statistically significant. Of 
the 66 patients with histologically positive lymph nodes, 
50 had an incontinuity dissection and 16 a discontinuous 
procedure. The five-year cure rates were 36% and 37.5%, 
respectively. 

Particularly relevant to the present evaluation is the in- 
cidence of regional recurrence after the two types of 
, treatment. Information was available on the first recur- 
rence for 52 of the 78 patients who were five-year treat- 
ment failures. Details are lacking about 26 individuals, 
but all are known to be dead of disease at five years. 
Thirty-three of the 52 failures had had an incontinuity 
dissection. Recurrence was first apparent in the dissected 
(regional) area in seven patients (21%). In contrast, 53% or 
ten of 19 discontinuity failures were regional. When com- 
parisons were made within the group of 201 stage I pa- 
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tients with complete follow-up data, it was found that 
only 2% (three of 150) developed regional recurrence in 
contrast to 14% (seven of 51) after a discontinuous proce- 
dure. The latter value is similar to that of a separate 
group of patients with malignant melanoma treated dur- 
ing the same period by wide excision only. Fourteen of 93 
or 15% developed regional recurrence. 


COMMENT 


The higher frequency with which regional or local recur- 
rence occurred with the discontinuous dissection as com- 
pared to an incontinuity procedure would appear to pro- 
vide a sound basis for the latter procedure. Only 2% of 150 
patients with stage I disease developed a regional recur- 
rence after treatment by an incontinuity dissection. This 
contrasts in a statistically significant way with the 14% 
incidence in 51 patients having a discontinuous procedure. 
The incontinuity dissection would then appear to be effec- 
tive in accomplishing what it has been designed for: to 
control in-transit metastatic disease. 

Clinical observation has provided frequent examples of 
in-transit localization of metastatic melanoma. The inci- 
dence is problematical since it is seldom that serial histo- 
logic examination of the area between the primary site 
and the regional lymph node drainage basin gives evi- 
dence of metastases in the absence of clinically evident 
disease. An estimation of its frequency can be made from 
the incidence of regional recurrence after a discontinuous 
procedure and from the frequency of regional recurrence 
after only a wide excision of the primary site. The inci- 
dence is about 15%. This conforms with our clinical im- 
pression. 

An apparent lack of improvement in five-year cure rate 
with the incontinuity dissection is related to the number 
of cases treated. The overall five-year cure rate of patients 
with melanoma who had histologically negative nodes was 
83.3% (179 of 215). Statistically significant improvement 
where therapy is as effective as this would require a much 
larger number of patients, as well as randomization. 

The relative merits of the incontinuity procedure and 
chemotherapy perfusion of the extremity must be consid- 
ered. Clearly en bloc surgical removal is an effective way 
of treating the potential for in-transit metastatic disease. 
Despite more than 15 years of experience with chemother- 
apy perfusion of extremities, evidence is lacking that this 
procedure improves the five-year cure rate for stage I or 
stage II melanomas. Ryan et al’ reported an incidence of 
20% to 26% recurrence after chemotherapy perfusion for 
stage I melanomas in 160 determined cases. 

The en bloc incontinuity procedure involves the creation 
of large skin flaps. These flaps may encompass the entire 
length of the leg, but heal readily with minimal scarring 
and with no more edema than that accompanying the dis- 
continuous procedure. A detailed analysis of morbidity 
from the incontinuity procedure is in progress, but it is 
our clinical impression that there are no significant differ- 
ences between the incontinuity and discontinuous proce- 
dures. Mortality or amputation necessitated by complica- 
tions from the incontinuity procedure have not occurred. 
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$ CONCLUSION 


The incontinuity dissection accomplishes what it was 
meant to do: control in-transit metastases between the 
primary site and the regional lymph node drainage basin. 
Only a 2% regional recurrence rate was found in patients 
receiving this procedure, as compared with a 14% recur- 
rence rate for patients receiving the discontinuous proce- 
dure or wide excision only with a later therapeutic lymph 
node dissection. No improvement in the five-year cure rate 
was apparent because of difficulty in statistically demon- 
strating an improvement in a five-year cure rate that is 
already high for stage I melanomas (88%). An estimate is 
that 15% of patients would benefit from the incontinuity 
procedure. Improved survival rates in this small percent- 
age of patients could not be reflected in the overall five- 
year cure rate because of the number of patients in the 
series. 


Nonproprietory Name and Trademark of Drug 
Melphelan—Alkeran. 
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Discussion 


Ropert C. Hickey, MD, Houston: I would like to make two or 
three comments because I think this is a tremendously important 
paper drafted to unravel the difficulties with this very important 
neoplastic malady, melanoma. 

As you know, the Memorial Cancer Institute in New York has 
had a long-standing interest, beginning before the time of George 
Pack, MD, in the surgical attack on this particular disease. 

In my own institution, the Anderson, I think that we place less 
reliance on the incontinuity type of dissection. I am speaking now 
of the truncal variety because of the vagaries of lymphatic flow. 

With respect to the extremities, except for the superficial le- 
sions, we rely on perfusion using a tourniquet. 

A lethal dose of drug is given; we are currently using melphe- 
lan, dactinomycin, and, as a kicker, mechlorethamine hydrochlo- 
ride at the conclusion of the perfusion. 

The perfusion goes on for one hour, with the extremity heated 
and carefully monitored to see that there is no leak. We believe 
that this brings about a lesser surgery, a preservation of the limb, 
and prolongation of life by about 15%. The team handling this is 
headed by Charles McBride, MD. 

Dr. BEATTIE: Dr. Fortner believed that a five-year survival rate 
of 88% with only 2% local or regional recurrence was very good. He 
believed that all other treatment plans had to match the rate. 

I think our cure rate with perfusion is not that good, although 
we usually do perfusion for more advanced cases. 

The question, of course, is what to do with metastases in the re- 
gional lymph nodes. Since they tend to be above the perfusion 
area, it is still a major problem in melanoma. 
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7 Appendicitis 


A Critical Review of Diagnosis and Treatment in 1,000 Cases 


Frank R. Lewis, MD; James W. Holcroft, MD; James Boey; J. Englebert Dunphy, MD 


One thousand cases of appendicitis seen from 1963 to 1973 were 
reviewed. The overall negative appendectomy rate was 20%, but in 
women between ages 20 and 40 it exceeded 40%. Two thirds of the 
negative appendectomies were due to nonsurgical lesions. Mesen- 
teric adenitis, gastroenteritis, and abdominal pain of unknown cause 
accounted for one third of the errors in females and two thirds in 
males. These diseases were best distinguished from appendicitis on 
the basis of temperature and white blood cell count. The remainder 
of the errors in females were due to pelvic inflammatory disease or 
other gynecologic diagnoses and were best distinguished from ap- 
pendicitis on the basis of history and physical findings. The rate of 
perforation was 21% overall. The incidence of wound infection was 
8.5%. Use of systemic antibiotics did not affect the wound infection 
rate. 


apendicitis, in its classic form, is easily diag- 
nosed, but in the very young and the elderly it is 
commonly atypical and presents a diagnostic problem 
with a reported perforation rate as high as 59%.* Even in 
the second and third decades, where it is most apt to be 
diagnosed early, there is a 5% to 15% incidence of perfora- 
tion.** In addition, the removal of normal appendices in 
women in this age group has been reported to be 46% to 
49%, and the incidence of complications is noted to be 10% 
to 20% after removal of a normal appendix.®* Improved 
accuracy is desirable in order to diagnose appendicitis ear- 
lier and reduce the rate of unnecessary appendectomy. 

The present study was undertaken with the following 
objectives: (1) to provide current demographic data about 
appendicitis in a large series of patients; (2) to elucidate 
reliable symptoms, signs, and laboratory studies of ap- 
pendicitis and establish which have the greatest dis- 
criminant value; and (3) to determine the factors affect- 
ing morbidity and mortality of appendicitis in a large 
county hospital. 


METHODS 


A retrospective analysis was carried out on 1,000 consecutive 
patients operated on at San Francisco General Hospital during 
the 10%2-year period of January 1963 to June 1973. Forty indepen- 
dent variables were defined for each patient (Table 1) and this in- 
formation was coded onto punch cards for computer analysis. Ta- 
bles were generated by comparing any two or three variables with 
one another. Statistical analysis of significant differences between 
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groups was determined with the Student ¢ test. All final diagnoses 
were taken from the pathology report. 


RESULTS 
Demographic Data 


Epidemiology.—The number of admissions yearly varied 
from 77 to 112, and there were no particular trends during 
the 10'4-year period. Because of changing patterns of hos- 
pital utilization during this period, no conclusions can be 
drawn about changes in incidence of appendicitis. 

The age distribution of patients is as follows: < 10 
years, 9.1%; 11 to 20 years, 31.9%; 21 to 30 years, 35.5%; 31 
to 40 years, 8.2%; 41 to 50 years, 5.4%; and >50 years, 9.9%. 
Thirteen patients in the series were over 80 years of age. 
A substantial decline in admission of patients over age 50 
was noted, from 24% in 1963 to 3% in 1972. This probably 
reflects an increasing utilization of private medical care 
by patients in this age group. 

Average hospital stay for the series was 9.1 days, with a 
median of 6.2 days. For nonperforated appendicitis, 26% 
of the patients were in the hospital more than one week; 
for perforated appendicitis, 80% of the patients were hos- 
pitalized more than one week and 37% more than two 
weeks. As expected, age was a major factor, and for all pa- 
tients over age 50, 88% were hospitalized more than one 
week and 42% more than two weeks. 

Pathological Findings.—The pathological diagnosis in all 
cases is shown in Table 2. In determining the presence of 
local or generalized peritonitis or abscess, the operative 
note was evaluated. 

The overall negative appendectomy rate of 20% is com- 
parable to other major series with reported rates of 15% to 
33%.**°:? Of note is the higher rate in females, 34% overall. 
This rose still higher in white and black women aged 20 to 
40, where the negative rate was 45% (N =93). Spanish and 
Oriental women of the same age had a negative appendec- 
tomy rate of only 17% (N =30). 

The rate of perforation was 21% overall, which is similar 
to reported rates of 17% to 39%.**"" A striking difference 
with age is present, as shown in Table 3. It is evident that 
the very young and the elderly continue to be at higher 
risk and to be admitted with more advanced disease. 
Stone et al’ and Fock et al" have discussed the problem in 
children, finding rates of perforation of 59% and 17%, re- 
spectively. Delay in seeking treatment or delay in diag- 
nosis due to failure to appreciate the clinical findings were 
the principal avoidable factors. 

The highest rate of perforation, 65%, was found in pa- 
tients over 50. This resulted in the highest rate of compli- 
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3 Table 1.—Factor$ Evaluated Related to Patient’s Illiness 


Demographic data Laboratory results and roent- 


Date of hospitalization genograms 
Duration of hospitalization White blood cell count and 
Age differential 
Race Urinalysis 
Sex Abdominal roentgenogram: 
History patient flat & erect 
Anorexia, nausea, Hospital course 
or vomiting Time from admission to 
Abdominal pain: location & operation 
duration Diagnosis: appendiceal 
Last menstrual period pathology or alternative 
Pregnancy diagnosis 
Prior similar episodes Wound closure: primary or 
Prior surgery delayed 
Physical examination Use of antibiotics 
Pulse Complications 
Temperature Wound 


Abdominal examination: 
direct tenderness, re- 


Intra-abdominal sepsis 
Gastrointestinal tract 


bound tenderness, bowel Pulmonary 
sounds Cardiac 
Rectal examination Other 





Deaths 


Table 2.—Appendiceal Pathologic Findings 


All Patients, 9% Males, % 
(N = 1,000) (N=636) 
20.1 12.3 


Females, % 
(N = 364) 
33.8 


Diagnosis 
Normal appendix 
Appendicitis without 

perforation 
Perforated appendix 
with local 
peritonitis 
Perforated appendix 
with generalized 
peritonitis 
Perforated appendix 
with abscess 
Chronic appendicitis 
Periappendicitis 


56.1 62.1 45.6 


10.6 12.9 6.6 


7.4 21.1 


8.3 24.2 


3.1 
0.8 
1.9 


3.0 
1.1 
0.3 





y i cations and accounted for most of the deaths in the series. 


In other series, the perforation rate in patients over 50 
was found to be 49% by Hubbell et al,'* 67% by Clements et 


a al} and 37% by Mittelpunkt and Nora.’ It appears that 


this figure has not changed significantly in recent years. 
Other appendiceal diagnoses noted were mucocele in 
four patients and carcinoid in six. 
Other Diagnoses.—Table 4 lists alternative diagnoses 
when acute appendicitis was not present. In a substantial 


= number of patients, no definite diagnosis could be made, 
_ even after laparotomy, and these are listed as “abdominal 


pain of unknown cause.” The category “other gastroin- 
testinal tract diagnoses” encompasses 12 conditions occur- 
ring in 19 patients: penetrating or duodenal ulcer, three; 
pancreatitis, one; small bowel obstruction secondary to 
Meckel diverticulum, two; Meckel diverticulum, two; re- 
gional enteritis, two; bacterial enterocolitis of ileum and 
ascending colon, one; cecitis of unknown cause, two; non- 
perforated cecal ulcer, one; perforated cecal diverticulum, 
two; perforated sigmoid diverticulum, one; infarction of 
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Table 3.—Perforated Appendicitis Rate (%) vs Age 
for Cases of Acute Appendicitis (N = 772) 






Age, yr 
11-30 31-50 >50 All Ages 







Diagnosis <10 
Appendicitis i 

without perforation 61.3 
Appendicitis with 
perforation 

















80.9. 73:7 























Table 4.—Alternative Diagnoses When Appendicitis 
Not Present 





























































































All Patients, % Male, % Female, % 
Diagnosis (N = 207) (N = 74) (N = 133) 
Pelvic inflammatory 
disease 21.7 33.1 
Other gynecologic 
diagnosis 10.7 E 15.0 
Mesenteric adenitis 15.5 18.9 13:9 
Gastroenteritis 9.2 16.2 6.0 
Abdominal pain of 
unknown cause 19.3 31.1 12.8 







Other gastrointestinal 
tract diagnoses 
Cholelithiasis 


Urinary tract 
infection 








Table 5.—Duration of Pain on Admission to Hospital 


No. of Patients 
561 
180 
28 


Diagnosis Median, hr 
Nonperforated appendicitis 
Perforated appendicitis 
Appendiceal abscess 


Mesenteric adenitis, 
gastroenteritis, 
abdominal pain of 
unknown cause 


Pelvic inflammatory 
disease 


Table 6.—Temperature on Admission to Hospital 


Mean Temperature + SD, C (F) 
37.8 + 0.6 (100.0 = 1.0) 


Diagnosis © 
Nonperforated appendicitis 
Appendicitis with 

local peritonitis 
Appendicitis with 
generalized peritonitis 
Mesenteric adenitis 
Gastroenteritis 
Abdominal pain of © 
unknown cause 
Pelvic inflammatory 
disease 


38.3+0.8 (100.9 + 1.5) 


38.6 + 0.8 
38 + 0.7 
37.4 + 0.5 


(101.4 = 1.5) 
(100.4 + 1.2) 
(99.4 + 0.9) 


37.7 + 0.8 (99.9 = 1.4) 





38.1 + 0.7 (100.5 + 1.3) 


ascending colon, one; and perforated carcinoma of cecum, 
one. | 

In males two thirds of the errors in diagnosis were glue 
to mesenteric adenitis, gastroenteritis, or abdominal pain 
of unknown cause. In contrast, only one third of the errors 
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Table 7.—White Blood Cell Count and Neutrophils for 
Appendicitis and Alternative Diagnoses -~ 





















WBC/cu mm 
15,570 + 5,270 


Neutrophils, % 
80.9+12 


3 Diagnosis 
Nonperforated appendicitis 
Perforated appendicitis 





15,240 + 5,100 84.5 +9 


with local peritonitis 


Perforated appendicitis 

with generalized 

peritonitis 14,930 + 6,235 84.2+ 11.8 
Mesenteric adenitis 12,470 + 5,100 68.6 + 19.9 
Gastroenteritis 11,870 = 4,700 65.6 + 16.7 
Abdominal pain of unknown 

cause 11,500 = 5,270 72.4 14.5 


Pelvic inflammatory disease 13,970 + 5,620 83.6+11.4 











Table 8.—White Blood Cell Count vs Race 


Diagnosis White Black Spanish Oriental 
Nonperforated 16,188 15,048 14,959 15,686 
appendicitis + 5,507 + 5,081 = 5,103 + 4,687 
(N=280) (N=114) (N=111) (N=35) 
Perforated 15,888 14,243 16,067 17,038 
appendicitis =+ 5,874 = 5,235 + 6,795 + 5,494 
(N=116) (N=35) (N=30) (N=13) 





Table 9.—Wound Infections and Intra-abdominal 
Abscesses vs Diagnosis 


Wound 
Infections, % 


intra-abdominal 


Diagnosis Abscesses, % 


Normal appendix (N = 201) 4.0 
- Nonperforated appendicitis 
(N = 561) 6.6 
Perforated appendicitis 
(N = 211) 
All patients (N = 1,000) 





Table 10.—Effect of Incision on Wound Infection Rate 


Incision, % 













Right Lower Paramedian or 


Diagnosis Quadrant Transverse Midline 
Normal 

appendex 2.4 (N = 164) 8.7 (N =23) 14.3 (N = 14) 
Nonperforated 

appendicitis 6.0 (N = 521) 10.7 (N = 28) 27.0 (N = 11) 
Perforated 


appendicitis 20.2 (N = 163) 33.0 (N = 9) 
All patients 8.0 (N = 867) 11.6 (N = 69) 


3.8 (N = 26) 
14.0 (N = 57) 





in females were due to these. Another third of the errors 
in females were due to pelvic inflammatory disease, a 
category that encompasses salpingitis, endometritis, and 
parametritis. Therefore, at least two thirds of all patients 
of both sexes without appendicitis had nonsurgical lesions. 

The remainder of the diagnostic errors occurred in 
smaller numbers, and most of the patients had surgical le- 
sios that required laparotomy in any case. 

In subsequent discussion we wish to focus on findings 
that may allow a distinction to be made between appendi- 
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Table 11.—Effect of Antibiotics on Wound Infection Rate | 



















Diagnosis No Antibiotics, % Antibiotics, % | 
Normal appendix 4.7 (N = 129) 2.8(N=72) | 
Nonperforated $ 

appendicitis 6.1 (N = 424) 8.0 (N = 137) 
Perforated 


17.2 (N = 29) 
6.4 (N = 596) 


15.9 (N = 182) 
11.6 (N = 404) 


appendicitis 
All patients 





Table 12.—Other Complications (%) 


Patients With 
Negative 
Appendicitis 


Complications All Patients 


Pulmonary 
Atelectasis 
Embolism 
Pneumonia 

Subtotal 

Cardiac 
Congestive failure 
Myocardial infarction 
Arrhythmias 

Subtotal 

Bowel 
Fecal fistula 
Prolonged ileus 
Small bowel obstruction 
Lower gastrointestinal 

bleeding 

Subtotal 

Other 
Thrombophlebitis 
Sepsis 
Fever of unknown origin 
Urinary retention 
Urinary tract infection 
Drug reaction 

Subtotal 

Total 
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citis and the most common conditions not requiring surgi- 
cal intervention. p- 


Differential Diagnosis of Appendicitis s 


Symptoms.—Pain remains the most common initial 
symptom and was noted in 99% of patients. It was peri- _ 
umbilical in 10%, localized to the right lower quadrant in Gq 
75%, and diffuse in 7%. No significant differences in local- = 
ization were seen with various diagnoses, except with per- 
forated appendicitis, where 19% of the patients had dif- 
fuse pain. 

Duration of pain on admission to the hospital did showa 
relationship to diagnosis and is presented in Table 5. Me 
dian rather than mean times are given because of the — 
skewed distribution, which makes the means inappropri- — 
ately long. No significant difference exists between simple 
appendicitis and the triad of mesenteric adenitis, gastro- 
enteritis, and abdominal pain of unknown cause, each hav- 
ing a 16- to 18-hour median duration. With pelvic in- 
flammatory disease, however, the median duration was 56 
hours. Considerable overlap is present with all diagnoses, | 
and it would be incorrect to attach undue importance to 
any one variable. However, in the difficult case where all 
factors are being considered, this difference in duration of 
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i jain may be usefu? in distinguishing appendicitis from of appendicitis, and between nonperforated appendicitis | 
pelvic inflammatory disease. _ and pelvic inflammatory disease are statistically signifi- 


E : Anorexia, nausea, and vomiting are the second most cant (P < .025) but are general ranges rather than specific 
e common symptom complex seen, and in all cases of ap- reliable findings. 
G  pendicitis (N=772) their frequencies are 92%, 78%, and Direct tenderness parallels the incidence of pain, being 
_ 64%, respectively. Similar incidences are seen no matter present in 99% of patients. In patients with nonperforated 
eo stage of appendicitis is present, and they are also appendicitis or appendicitis with local peritonitis, tender- 
_ the same with mesenteric adenitis, gastroenteritis, and ness was localized to the right lower quadrant in 91%. In 
_ abdominal pain of unknown cause. The only significant patients with generalized peritonitis, tenderness was lo- 
Ep < .05) difference was observed with pelvic inflamma- calized to the right lower quadrant in 58% and was diffuse 
tory disease and other gynecologic diagnoses (N =64) in 41%. In patients with normal appendices, there was 
__ where the relative frequencies are anorexia, 66%; nausea, right lower quadrant localization in 75%. 


ea 48%; and vomiting, 34%. The incidence of each of these Rebound tenderness was present in 68% of patients 
s symptoms i is therefore only one half to two thirds as com- with nonperforated appendicitis or appendicitis with local 

a = mon with gynecologic disease as with appendicitis. peritonitis, and in nearly all of these it was localized to the | 
k: i 


= _ A note was made regarding chills or fever in 83% of the right lower quadrant. Rebound tenderness was present in 
7 _ histories, and of these the symptom was present in 21% of 81% of patients with diffuse peritonitis and in 48% of those 
| patients with nonperforated appendicitis, 30% of patients with normal appendices. 


with perforated appendicitis, and 39% of patient with pel- Rectal tenderness was noted in 45% to 60% of all pa- 
PA inflammatory disease. The incidence of mesenteric tients irrespective of diagnosis. 
E adenitis, gastroenteritis, and abdominal pain of unknown Bowel sounds were present in 94% of patients with nor- 


E cause was similar to nonperforated appendicitis. In pelvic mal appendices, 92% with simple appendicitis, 80% with lo- 
~ inflammatory disease it is, therefore, twice as common as calized peritonitis, and 55% with diffuse peritonitis. 

a e in simple appendicitis. Laboratory Studies.—Table 7 summarizes data on white 

wh. Nine percent of the patients had a similar illness previ- blood cell count (WBC) and percentage of neutrophils 

_ ously and 4% had a similar illness more than once in the (segmented and nonsegmented) for the stages of appendi- 

“a | past. No difference was observed between patients with citis and the common alternative diagnoses. No signifi- 


Eeormal or abnormal appendices. cant difference in WBCs exists between the stages of ap- 
OA history of current menstruation was obtained in 49%  pendicitis, all of them having a mean of about 15,000/cu 
a ~ of women in the series (179 of 364) and in this group a sig- mm. The neutrophil percentage is lower for nonperforated 


nificant (P< .05) difference was observed between ap- appendicitis than for either of the perforated categories 

Ai  pendicitis and pelvic inflammatory disease. Of women in (P < .05), but the large standard deviation makes this dif- 

te a _ whom menses began within seven days of admission to ference of limited clinical usefulness. Similarly, the WBC 

3: Rie - the hospital, 61% were found to have pelvic inflammatory and neutrophil count for pelvic inflammatory disease can- 

disease and 26% appendicitis. In contrast, if the menstrual not be distinguished from those of appendicitis. 

4 period began eight or more days previously, appendicitis The case is different with mesenteric adenitis, gastroen- 
; _ was present in 74% of patients and pelvic inflammatory teritis, and abdominal pain of unknown cause, all of which 
disease i in 39%. The ratio of the two diseases is thus differ- demonstrate means in the 11,500 to 12,500/cu mm range, 

ent by a factor of five based on this point alone, and it with neutrophil percentages of 65% to 72%. These numbers 
2A tends to confirm our impression that it is one of the most are significantly different (P < .05) from those found in 


igen distinguishing features between the two diseases. appendicitis and are a useful differential point in spite of 
is _ Fourteen patients in the series were pregnant: four in the overlap between groups. 
= the first trimester, seven in the second, and three in the The differences in WBC count on the basis of race were 


pa third. Five of these patients had normal appendices, a investigated to see if the results of Hyman and West- 
= negative rate of 36%, while nine had appendicitis, of which ring” could be confirmed, namely that a relative neutro- 
A > one was perforated. No major complications occurred in penia is present in blacks. The results are shown in Table 
_ the group. 8. Although the WBC counts were lower for blacks in both 
4 e Physical Findings.—The physical signs evaluated were groups of appendicitis patients, the differences were not 
~ pulse, temperature, direct and rebound abdominal tender- significant at the 95% level. 
Boe. ness, rectal tenderness, and bowel sounds. The other laboratory test examined, the microscopical 
= fe _ The mean pulse rate was 88 beats per minute for pa- examination of urinary sediment for WBCs, showed ap-e 5 
ce _ tients with normal appendices, nonperforated appendi- proximately 20% of all patients had five or more WBCs per 
Ez k - citis, and appendicitis with local peritonitis, no significant high power field, irrespective of diagnosis. 
_ difference occurring between these groups. When diffuse Roentgenograms.— Forty-three percent of patients were 
peritonitis was present, the mean pulse was 100 beats per operated on without roentgenograms, 44% had no abnor- 
minute, but there was extensive overlap in all groups and malities on their abdominal x-ray films, and 18% had some 
this finding has no differential diagnostic value. abnormality. Of the abnormalities, ileus and partial sneall 
~ The mean values for temperature are shown in Table 6 bowel obstruction were most common, in a ratio of 10:1. 
Br _ for several diagnoses. The differences between the stages The presence of a fecalith was noted in 14 patients (1.4%), 
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of whom one had a normal appendix. 

One may conclude that an abdominal roentgenogram is 
not often helpful in diagnosing appendicitis and, even 
when abnormal, the findings are usually nonspecific. Its 
main value is to exclude other diagnoses in the difficult 
case. 


Hospital Management 


Preoperative.—All patients were initially admitted to an 
observation ward until a presumptive diagnosis was made 
and the need for laparotomy ascertained. The median de- 
lay between hospital admission and the beginning of oper- 
ation was seven hours for all patients, and no significant 
differences were seen for appendicitis, mesenteric ade- 
nitis, gastroenteritis, abdominal pain of unknown cause, 
or pelvic inflammatory disease. The delay was longer in 
eases of other gastrointestinal tract abnormalities and 
gynecologic diagnoses, due to uncertainty over the diag- 
nosis preoperatively. We did not find any patients who de- 
veloped perforated appendicitis due to hospital delay in 
operation, a factor stressed by Mittelpunkt and Nora.‘ 

Intraoperative.—Exploration was carried out via a stan- 
dard right lower quadrant oblique incision in 86.7% of the 
patients. Alternative incisions were right paramedian in 
2.8%, midline in 2.9%, and transverse lower abdominal in 
6.9%, which were medial extensions of a right lower quad- 
rant oblique incision to or across the midline. Paramedian 
and midline incision were used most commonly when dif- 
fuse peritonitis from appendiceal perforation was present, 
and the diagnosis was not apparent preoperatively. 

Intraoperative management consisted of the use of 
peritoneal lavage containing antibiotics if cloudy or puru- 
lent fluid was present. Inadequate operative information 
was available to allow evaluations of this as a therapeutic 
maneuver. Drains were not used unless a well-defined ab- 
scess cavity was present, in which case drainage only was 
carried out at the initial procedure and interval appendec- 
tomy was done six to 12 weeks later. 


Morbidity and Mortality 


Wound Infections and Intra-abdominal Abscesses.—The 
most common complications in the series were infections, 
the overall wound infection rate being 8.5% and the inci- 
dence of intra-abdominal abscess, 4.3%. Statistical eval- 
uation of the following contributing factors was carried 
out: diagnosis, choice of incision, wound closure, and use of 
antibiotics. 

Table 9 shows the high incidence of infection after per- 
foration. There were no significant differences between 
patients with localized peritonitis, generalized peritonitis, 
ar abscess following perforation. These figures are compa- 
rable to those noted by Spitz’ and Kazarian et al.* Most of 
the intraabdominal abscesses (30) were pelvic, the remain- 
der (12) being interloop, with only one patient having a 
subphrenic collection. There were two wound dehiscences 
in the series, an incidence of 0.2%. 

Take influence of incision on wound infection rate is 
shown in Table 10. A higher infection rate is noted for all 


Pa when using a transverse rather than a limited 
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right lower quadrant incision. With a paramedian or mid- _ É 


line incision, the rate goes still higher, except in the pa- 
tients with perforated appendices, where it is surprisingly 
low at 3.8%. We attribute this to the fact that all wounds 


in this category were left open and healed secondarily, 


while in most other categories primary or delayed primary 
closure was carried out in most patients. 


Delayed versus primary closure has been advocated asa 


means of reducing wound infection in appendicitis,“ but 
we did not find it to be effective. The incidence of wound 
infection with primary closure was 6.6% (N=777), while 
that after delayed closure was 15.2% (N =223). The higher 
incidence is due to the use of delayed closure in the more 
heavily contaminated wounds, and no doubt reduced what 


would have been an even higher incidence. However, we 


believe that even delayed primary closure is followed kei 


should be allowed for all wounds. In this series, some of 
the wounds classed as “delayed” were, in fact, allowed to 
heal secondarily, although the majority had sutures placed 
at surgery for later approximation of wound edges. Be- 
cause the presence of a suture has been shown experimen- 
tally to increase the possibility of infection, we believe 
their placement at surgery, for later closure, may be 
harmful. 


The influence of antibiotics on wound infections is 


shown in Table 11. Most patients in this study who re- 
ceived antibiotics had their initial dose intraoperatively 
rather than preoperatively. When groups with similar 
diagnoses are compared, one can see there is no signifi- 
cant difference whether antibiotics are used or not. We 
would conclude that, while antibiotics are useful in treat- 
ing systemic sepsis, they have no noticeable effect on local 
wound sepsis if given intraoperatively or later. 

Systemic sepsis occurred in 10% of patients with diffuse 
peritonitis (N=74) and 1% of patients with localized peri- 
tonitis (N=106). No cases of systemic sepsis were seen 
with nonperforated appendicitis (N =561). 

One may, therefore, conclude that antibiotics are not in- 
dicated in nonperforated appendicitis; may or may not be 
indicated when localized peritonitis is present, depending 
on the degree of contamination; and are always indicated 
with diffuse peritonitis. 

Other Complications.—Table 12 lists the other complica- 
tions noted in this series, grouped by organ systems. All 
complications comprise 10.1%, with essentially the same 
complication rate in patients with normal appendices as in 
those with appendicitis. The exceptions are the bowel com- 
plications, which all occurred in patients with perforated 
appendicitis. If the wound infection rate for negative ap- 
pendectomy of 4% is added to the 11% rate in Table 12, the 
total morbidity for negative appendectomies is 15%. 

Death.—Mortality in the series was 0.8%, all deaths oc- 
curring in patients over 50 years of age. If mortality is 
calculated according to patients at risk in a given age 
group, however, the mortality was 4.5% for patients age 51 
to 70 and 15.2% for patients 71 to 90. 

Of the eight deaths, five occurred in patients with dif- 
fuse peritonitis after appendiceal perforation. No deaths 
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am calized peritonitis. All the patients had vascular disease; 
= two had diabetes mellitus. Three died of refractory septic 
= shock and two died of respiratory causes. 


Of the remaining three deaths, one was due to a perfo- 


rated cecal carcinoma with metastases, one was due to a 


perforated cecal diverticulum in a patient aged 82, and the 


third was due to a pulmonary embolus and congestive 
heart failure in a patient aged 74 whose appendix ap- 
~ peared normal at exploratory surgery. 


COMMENT 


The demographic data that we have presented are sim- 


ilar to those of other large series. Age distribution shows 
_ 10% of the patients to be under 10 and 10% over 50 years 
= of age; the male:female ratio is 2:1. Our perforation rate is 
= in the lower range of reported series and may have re- 


sulted from an aggressive approach to diagnosis and oper- 


ation. This is reflected in the relatively short average pe- 


riod of observation between admission to the hospital and 


j arrival in the operating room. 


The negative appendectomy rate of 20% is similar to 


= other series and seems acceptable. However, when ana- 


k -lyzed by subgroups, we found a surprisingly high negative 
= ratein young females (45%), which has been noted by oth- 
ers. In both males and females, two thirds of the negative 


 appendectomies were due to nonsurgical lesions, and re- 


i E sulted in a complication rate of 15%. We have, therefore, 
= attempted to define the features that will allow the most 
= common alternative diagnosis to be distinguished from 


appendicitis. 
One group of related alternative diagnoses are mesen- 


= teric adenitis, gastroenteritis, and abdominal pain of un- 


known cause. This triad accounts for one third of the er- 


= rors in females and two thirds of those in males. The 
historic features, physical findings, and laboratory studies 
= of each are similar, and we found no way to distinguish 
~. among them preoperatively. Certain features may allow 

them to be distinguished from appendicitis, however. By 





É q history the location and duration of pain are similar to ap- 
= pendicitis, but tenderness on physical examination is less 
likely to be well localized in the right lower quadrant and 


rebound tenderness is less frequent. Temperature is not 
different, but the WBC and neutrophil counts are signifi- 
cantly (P <.05) lower and are the most useful differential 
factors. 

The second major alternative diagnosis, principally ac- 
counting for the higher negative appendectomy rate in 
young women, is pelvic inflammatory disease. This is dis- 
tinguished most easily from appendicitis on clinical find- 


p: ings. Pelvic inflammatory disease has the following clini- 
= cal features: There is a longer duration of symptoms, 


usually two to three days, compared with 17 hours for ap- 


a - pendicitis. Gastrointestinal tract symptoms are less com- 
=- mon, vomiting being only half as frequent as in appendi- 


citis, and the patient may even be hungry, a finding 


almost universally absent in appendicitis. Most helpful is 


= a history of the last menstrual period beginning within 








seven days of admission to the hospital; this feature alone 


682 Arch Surg/Vol 110, May 1975 


= we r i 
E a `; = ir = dy 
4 1 Pr. m a- d 
p 4 i 14 
t i "nan n 
` ad ~ 


E PA E r: ee 
' Q = y - x . 
ee eee 


accounted for a fivefold difference in the ratio of appendi- 
citis to pelvic inflammatory disease. Chills and fever are 
also twice as common in pelvic inflammatory disease. 
Physical findings may be indistinguishable in the two dis- 
eases, although pelvic inflammatory disease often shows 
bilateral lower quadrant tenderness and rebound. White 
blood cell count and differential are of no value in distin- 
guishing the two diseases. 

Morbidity from appendicitis is principally due to infec- 
tion, and we evaluated four factors related to it. The first 
is the stage of appendicitis when the patient is operated 
on, the perforated cases having a threefold higher inci- 
dence of wound infection. The surgeon has little control 
over this, the principal cause being delay before admission 
to the hospital. We would repeat the advice of others: in 
the elderly the high incidence of perforated appendicitis 
should make one always suspicious of its presence. 

The second factor is choice of incision, and we noted 
that vertical incisions have a significantly (P < .05) higher 
incidence of infection than right lower quadrant oblique 
incisions. They provide greater access for exploration 
when the diagnosis is uncertain, but we would advocate 
use of the right lower quadrant incision whenever ap- 
pendicitis is likely, with extension medially if necessary. 

Wound closure was evaluated and it was found that, de- 
spite use of delayed closure in contaminated wounds, a 
high incidence of infection still occurs. The placement of 
sutures in the wound at surgery, to be tied later, may in- 
crease this incidence because they act as a foreign body. 
We would advocate secondary healing in all contaminated 
wounds, and we have found that right lower quadrant 
oblique wounds close rapidly with this technique. 

Use of antibiotics was shown to be ineffective in pre- 
venting wound sepsis for all stages of disease when begun 
intraoperatively. Because there is a substantial incidence 
of systemic sepsis in perforated appendicitis, antibiotics 
are clearly indicated, but with nonperforated appendicitis 
there seems little rationale for their use. 


This investigation was supported by Public Health Service grant GM- 
18470 from the National Institutes of Health. 
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Discussion 


PAuL F. Nora, MD, Lincolnwood, Ill: I would like to compliment 
Dr. Lewis on his attempt to define some of the discriminate values 
of the various factors in the diagnosis and treatment of acute ap- 

_ pendicitis. 

Some years ago we published a report on 1,000 cases of proven 
appendicitis. This particular series parallels that presented by Dr. 
Lewis and his group; however, the age group was older. I think 
our patients were of a slightly higher social status, and of course 
all of the patients in our series had proven cases of appendicitis. 
Of the 97% of patients that had abdominal pain, 96% had one or all 
three of the following: anorexia, nausea, and vomiting, and about 
94% had abdominal tenderness, which parallels what Dr. Lewis 
said. 

In the case of leukocytosis, we found that very frequently the 
patients in the older age group would either have normal or very 
slightly elevated WBC counts, and I think this might be one of the 
reasons that these people go on to perforation. 

Dr. Lewis mentioned that about 80% of his patients had chills 
and fever. We did not have nearly this incidence of chills and fe- 
ver. 

I would like to ask Dr. Lewis about previous episodes. Very fre- 
quently, particularly in the younger patient, one is faced with the 
problem of what to do with the patient who is admitted with some 
previous type of episode, as 20% of our patients were. I wonder if 
he thinks that these are in any way related to appendicitis. 

Another question relates to the fact that many radiologists have 
been desirous of doing a barium enema in the difficult case. Many 
years ago this was contraindicated, but now it is believed that a 
eareful barium enema might be of value. I wish Dr. Lewis would 
comment on this approach. 

JAMES B. D. Mark, MD, Stanford, Calif: It seems that in spite of 
space-age technology, the diagnosis of acute appendicitis remains 
one of the most challenging in surgery and I think, as pointed out 
by Dr. Lewis, there is enough overlap so that it is difficult to make 
any of these factors discriminant in any single patient. 

We studied our cases of appendicitis at Stanford for some of the 
same reasons presented by Dr. Lewis and some additional ones as 
well. Our study was generated and carried out by the Tissue Com- 
mittee without, at the outset, the aid of a computer. In these days 
of quality assessment programs, Professional Standards Review 
Organizations (PSROs), and peer review we wanted not only to in- 
vestigate the many factors of acute appendicitis but, in addition, 
by studying the records, to determine the level of care provided to 

etlfese patients in our hospital. Our study analyzed 31 factors in 
each patient and included evidence of attention by the senior sur- 
geon involved in the care of the patient. 

This was carried out for one year. I was interested to find that 
at Stanford, which is kind of a little place, we did 148 appendec- 
tomies in a year, which is more than they would do in that period 
of time at San Francisco General. I might say that during that 
same year, there were some 1,500 open heart procedures done at 
Stanford. That is the definition of tertiary care, folks. 
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Our rate for acute appendicitis was about 86%, but if we add the f : 


worms and the carcinoids and a couple of the’ inflammatory bowel 


diseases that had secondary appendiceal involvement, we had a — | 


rate of about 90% for appendiceal pathology. 

I am pleased to say that the university surgeons did as well as 
the community surgeons in diagnosing this disease, but of course, 
we both had help from the same house staff. There were no deaths 
in our series. 

In comparing inflamed and normal appendices, complication 
rates were similar. Females had a higher rate of normal appen- 
dices, as has been pointed out by Dr. Lewis. I was chagrined to see 
that rectal examinations were not done in every patient, but inter- 
estingly enough, they were not of much help in differentiating in- 
flamed and normal appendices when they were done. 

The WBC count tended to be a little higher in patients with ap- 
pendicitis, but there was a greater shift to the left in patients 
without appendicitis. 

In keeping with the demands, both internal and external, for 
the assessment of the quality of medical care, we are in the pro- 
cess of performing similar analyses of other disease entities with 
the cooperation of the Quality Assurance Program in our hospital. 

JacoB FINE, MD, Boston: Four years ago I was involved in a 
project dealing with the quality of professional care in the hospi- 
tals of the state of New York. One part of that study dealt with 
150 cases of appendectomy for acute appendicitis, evaluated by 
qualified reviewers on the basis of the data in the hospital record 
and an assessment of the quality of the management of care by 
the surgeon in charge of the case. We found that 10% of the rat- 
ings of performance were unsatisfactory in teaching hospitals and 
30% were unsatisfactory in community hospitals. The question 


raised by Dr. Mark is whether the 10% error in the preoperative — 


diagnosis of acute appendicitis at Stanford is acceptable on the 
grounds that it represents the degree of uncertainty in the diag- 
nosis that prevails in the best hands. A review of the 15 cases in 
the Stanford series in which the appendices were normal was 
made. The evaluation was based on a standard that one can rea- 
sonably apply to a surgeon in a community hospital (J NY State 
Med Soc 71:1963, 1971). It showed that the 90% rating of “satisfac- 
tory” was not as good as it might have been, for the evidence was 
that ten of the 15 patients either should not have had surgery or 
were safe enough on admission to justify waiting for more com- 
pelling reasons for surgical intervention. 

Mark M. Ravitcu, MD, Pittsburgh: I hesitate to take issue with 
Dr. Fine, one of the most thoughtful and greatest contributors to 
American surgery today, but I think it is important to have it on 
the record that the venial sin is not in removing a normal appen- 
dix, it is failing to remove an acutely inflamed appendix. 

I have yet to see in this study or any other study an analysis of 
the number of hours of delay in patients who are admitted with 
abdominal pain before the acute appendix is removed. I have yet 
to see a follow-up of the patients who came into the same emer- 
gency room who went elsewhere to have their ruptured appen- 
dices removed. 


It is my thesis that there is only one way to have a 100% accu- _ 
rate diagnostic record for acute appendicitis, and that is to wait 


until they all rupture. That is my conviction, not that the figures 
from this superb study from San Francisco General can be im- 
proved on, but that they have gotten their very nice mortality 
of 0.8% in the 1,000 patients precisely because they have removed 
one normal appendix in five in the patients they operated on. 
Furthermore, this study may not show, if one reviews their ba- 
sic statistics, how many times they operated for appendicitis, and 
in fact, found strangulated bowel, perforated ulcer, or perforated 
diverticulitis, which they might not have found if they were sit- 
ting around waiting, or had delayed operation. My own thesis is 
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very simple, and that is if I am evaluating a surgeon or a service, I 
am critical of those who never have a normal appendix, critical of 
those who do not have a 15% to 20% incidence of normal appen- 
dices. 

it There are some institutions that get their patients very late. 
Be The incidence of ruptured appendices at the Children’s Hospital in 
i Pittsburgh is about 50%, but that is because they are ruptured 
when the patients are admitted. There are very few delays in op- 
k eration. 

And just to give Dr. Fine something to shoot at, after we leave 
$ the room, it is my thesis that anybody who is admitted with ab- 





> dominal pain who has tenderness, preferably in the right lower 
$ E -~ quadrant, and in whom there are no incompatible or inconsistent 
Sh ~ fingings in the history, the physical examination, or the laboratory 
bs _ determination, should be operated on right then and there. 

sai This, I think, is a very valuable study with a tremendous lot of 
meat in it, and I have enjoyed it. 

= Dr. Lewis: In response to Dr. Nora, the first question he raised 
? was leukocytosis in the older age group. We did find that the over- 
$ E. all average WBC count was slightly lower in patients over 50 
F v -~ years of age, but it did not reach statistical significance at the 95% 
level. 

In relation to the question of a previous episode, we did look into 
that, and we found that all patients in the series averaged a 10% 
incidence of one prior episode, and 4% of the patients had two or 
more prior episodes. However, there was no difference at all be- 
tween the patients who had appendicitis and those who did not. 

= Both showed equal frequencies of that as an historic point. 
Fa ~ The point about chills and fever was significant in the patients 
= with appendicitis, who had chills and fever 20% of the time while 
those with pelvic inflammatory disease noted it 40% of the time. 








E = However, it was our impression that those patients who had chills 
~ and fevers with pelvic inflammatory disease appeared less toxic 


E = than those who had perforated appendicitis. 

; In terms of the roentgenographic studies, I did not have time to 
ay comment on that in the presentation. Of the patients in the series, 
45% were operated on without roentgenograms. Another 40% with 


$ abdominal x-ray films had normal findings. Approximately 15% 
E: had abnormal findings on abdominal x-ray films. 
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The findings most commonly noted were diffuse ileus and par- 4 
tial small bowel obstruction, the second finding occurring approxi- 
mately one tenth as often as the first. 

Fecaliths were noted on roentgenograms in 14 patients out of 
the thousand and, of those, one patient had a normal appendix at 
operation. | 

We did not have any patients in whom a barium enema was 
done specifically to diagnose appendicitis and cannot comment on 
that. It would seem to be contraindicated if the patient has ap- 
pendicitis because of the possibility of converting a contained to a 
free rupture. 

Dr. Mark, I appreciate your remarks, and the one point of dif- 
ference we have is that we did find there was also a greater left 
shift and a higher neutrophil percentage overall in the patients 
who had appendicitis than in those who had the triad of other 
diagnoses. 

We did not find any substantial difference in the differential cell 
count between patients with appendicitis and pelvic inflammatory 
disease. 

Dr. Fine, thank you for your remarks. Our thesis also is that in 
some of these patients we could lower the negative rate with a 
more discriminant evaluation. 

Specifically in response to Dr. Ravitch, we did look at the delay 
in operation in these patients, and we had very solid indicators be- 
cause we used the time the patient arrived at the hospital and the 
time he arrived in the operating room. 

The average delay for the entire series was seven hours. How- 
ever, we found that patients who had perforation had a shorter 
duration, only about four hours overall from the time of admission 
to the emergency room to arrival in the operating room. 

This was a factor that Dr. Nora stressed in his paper and found 
to be of great importance, and we looked at it quite carefully. We 
did not find any patient in the series in whom it appeared that 
perforation occurred after arrival at the hospital because of delay 
in operation. 

We would certainly agree with him that any patient who is ad- 
mitted with diffuse findings and who seems to have substantial 
rebound tenderness and an acute condition of the abdomen should 
not have delayed operation. 
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Insurgery, 
theres atime and place 
for Valium (diazepam) 





| Oral Valium (diazepam) can provide 
’ | dependable relief when the patient 
__., a | hospitalized for general surgery 
= | experiences excessive psychic tension 
= It’s natural for the patient to be somewhat anxious about a 
surgical procedure. And often your reassurance and counseling can allay 
the apprehension. But sometimes, despite these measures, excessive anxiety 
causes the patient undue strain. At these times, Valium can be beneficial. 
It's provided in three tablet strengths, so dosage can be easily individualized 
to gain optimal response promptly. And if anxiety and tension are especially 
troublesome at bedtime, an h.s. dose can be added to a b.i.d. or tid regimen. 
Valium is usually well tolerated in recommended dosages; 
lower initial doses (2 to 21⁄2 mg) should be used for the elderly or debilitated 
to avoid ataxia or oversedation. 





Injectable Valium (diazepam) adjunctively 
prior to surgery or endoscopic procedures 
can relieve acute anxiety and diminish recall 


Although the strange surroundings and impending sur- 
gical or endoso procedures have been described and explained, they 
may still produce acute anxiety in some patients. Injectable Valium (I.M. 
preferred for surgery and I. V. for endoscopy) can calm the patient 
promptly while increasing his cooperation and acceptance of the procedure. 
Also, Valium frequently diminishes patient recall of the unpleasant endo- 
scopic procedure — an important consideration if a repeat examunatio 
necessary. 








sional reports of apnea and cardiac arrest. These have ail ean 
in the elderly, in very ill patients or those with limited pulmonary reserve; 
therefore, lower doses — usually 2 to 5 mg — should be used for this group. 


Valium (diazepam) is useful in orthopedic 
surgery and can help break the cycle of 

=< Spasm/pain/spasm of skeletal muscle spasm 
when associated with local pathology or trauma 
Skeletal muscle spasm may precede orthopedic surgery, 
as in the c case of disc injuries, or follow it, as when certain fractures are set. 
In either case, Valium can be a helpful adjunct — 2 to 10 mg, 3 or 4 times 
daily, can help relax skeletal muscle spasm, often increasing the patient’s 
range of mobility. 
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one versatile drug in surgery 


Valium diazepam) 
2-mg, 5-mg, 10-mg tablets 
ready-to-use 2-ml Tel-E-Ject’(disposable syringes) 


Before prescribing, please consult complete product information, 


a summary of which follows: 


Indications: Tension and anxiety states; somatic complaints which are 
concomitants of emotional factors; psychoneurotic states manifested 
by tension, anxiety, apprehension, fatigue, depressive symptoms or 
agitation; symptomatic relief of acute agitation, tremor, impending or 
acute delirium tremens and hallucinosis due to acute alcohol with- 


drawal; adjunctively in: relief of skeletal muscle spasm due to reflex 


spasm to local pernotoey; Spasticity caused by upper motor neuron 

disorders; athetosis; stiff-man syndrome. Oral form may be used ad- 
unctively in convulsive disorders, but not as sole therapy. /njectable 
orm may also be used adjunctively in: status epilepticus; severe re- 


- current seizures; tetanus; anxiety, tension or acute stress reactions 


prior to endoscopic and surgical procedures; cardioversion. 
Contraindications: Use of Injectable in infants and Tablets in children 


- under 6 months of age; known hypersensitivity to drug; acute narrow 


angle glaucoma; may be used in patients with open angle glaucoma 
who are receiving appropriate therapy. 

Warnings: As with most CNS-acting drugs, caution patients against 
hazardous occupations requiring complete mental alertness (é.g., 
operating machinery, driving). Advise patients against simultaneous 
ingestion of alcohol and other CNS depressants. Withd rawal symptoms 
(similar to those with barbiturates and alcohol) have occurred fol- 
lowing abrupt discontinuance (convulsions, tremor, abdominal and 


“muscle cramps, vomiting and sweating). Keep addiction-prone individ- 


uals (drug addicts or alcoholics) under careful surveillance because of 
their predisposition to habituation and dependence. Use of any drug 
in pregnancy, nursing women or in women of childbearing potential 
requires that expected benefit be weighed against possible hazard. 


ORAL: Not of value in treatment of psychotic patients; should not be 


_ employed in lieu of appropriate treatment. When using oral form 
-= adjunctively in convulsive disorders, possibility of increase in fre- 


quency and/or severity of grand mal seizures may require increase 
in dosage ef standard anticonvulsant medication; abrupt withdrawal 
in such cases may also be associated with temporary increase in 
frequency and/or severity of seizures. 


_ INJECTABLE: When used I.V., the following procedures should be under- 
taken to reduce the possibility of venous thrombosis, phlebitis, local ir- 


ritation, swelling, and, rarely, vascular impairment. Inject slowly, 


_ taking at least one minute for each 5 mg (1 ml) given; do not use small 
-~ veins, i.e., dorsum of hand or wrist; extreme care should be taken to 


avoid intraarterial administration or extravasation. Do not mix or dilute 
with other solutions or drugs; do not add to I.V. fluids. 


_ Administer with extreme care to elderly or very ill and those with limited 
pulmonary reserve because of possibility of apnea and/or cardiac arrest; 
resuscitative facilities should be available. When used with narcotic anal- 


gesic, eliminate or reduce narcotic dosage at least ¥% and administer in 
small increments. Not recommended for OB use until additional infor- 
mation is available. Snould not be administered to patients in shock, 


coma or in acute alcoholic intoxication with depression of vital signs. 


Precautions: If combined with other sd ra pa or anticonvulsants, 
carefully censider individual pharmacologic effects—particularly with 


< known compounds which may potentiate action of Valium (diazepam), 


such as phenothiazines, narcotics, barbiturates, MAO inhibitors and 


other antidepressants. Protective measures indicated in highly anx- 


ious patients with accompanying depression who may have suicidal 
tendencies. Observe usual precautions in impaired hepatic function; 


~ avoid accumulation in patients with compromised kidney function. 


Limit oral dosage to smallest effective amount in elderly and debili- 
tated to preclude ataxia or oversedation (initially 2 to 242 mg once or 


_ twice daily, increasing gradually as needed or tolerated). 


INJECTABLE: Laryngospasm and increased cough reflex are possible 
during peroral endoscopic procedures; use topical anesthetic and 


- have necessary countermeasures available; hypotension or muscular 


weakness possible, particularly when used with narcotics, barbiturates 
or alcohol. Use lower doses (2 to 5 mg) for elderly and debilitated; 


safety and efficacy in children under 12 not established. 


Adverse Reactions: Side effects most commonly reported were drowsi- 
ness, fatigue and ataxia. Infrequently encountered were confusion, 
constipation, depression, diplopia, dysarthria, headache, hypotension, 
incontinence, jaundice, auanges in libido, nausea, changes in saliva- 

, tremor, urinary retention, vertigo and 


2-ml ampuls > 5 mg/ml 
l10-ml vials 


| 


blurred vision. Paradoxical reactions such as acute hyperexcited 
states, anxiety, hallucinations, increased muscle spasticity, insomnia, 
rage, sleep disturbances and stimulation have been reported; should 
these occur, use of the drug should be discontinued. 

Because of isolated reports of neutropenia and jaundice, periodic 
blood counts and liver function tests are advisable during long-term 
therapy. Minor changes in EEG patterns, usually low-voltage fast activ- 
ity, have been observed in patients during and after Valium therapy 
and are of no known significance. 

INJECTABLE: Venous thrombosis and phlebitis at injection site, hypo- 
activity, syncope, bradycardia, cardiovascular collapse, nystagmus, 
urticaria, hiccups, neutropenia. 

In peroral endoscopic procedures, coughing, depressed respiration, 
dyspnea, hyperventilation, laryngospasm and pain in throat or chest 
have been reported. 


Dosage: Individualized for maximum beneficial effect. 
ORAL —Adults: Tension, anxiety and psychoneurotic states, 2 to 10 mg 
b.i.d. to q.i.d.; acute alcohol withdrawal, 10 mg t.i.d. or q.i.d. in first 
24 hours, then 5 mg t.i.d. or q.i.d. as needed; adjunctively in skeletal 
muscle spasm, 2 to 10 mg t.i.d. or q.i.d.; adjunctively in convulsive 
disorders, 2 to 10 mg b//.d. to q.i.d. Geriatric or debilitated patients: 
2 to 2⁄2 mg 1 or 2 times daily initially, increasing as needed and 
tolerated. (See Precautions.) Children: 1 to 2⁄2 mg t.i.d. or q.i.d. initially, 
increasing as needed and tolerated (not for use under 6 months). 
INJECTABLE: Usual initial adult dose is 2 to 20 mg I.M. or |.V., de- 
pending on indication and severity. Larger doses may be required in 
some conditions (tetanus). In acute conditions injection may be 
repeated within 1 hour, although interval of 3 to 4 hours is usually sat- 
isfactory. Lower doses (usually 2 to 5 mg) with slow dosage increase 
for elderly or debilitatec patients and when sedative drugs are added. 
(See Warnings and Adverse Reactions.) 
I.M. use: by deep injection into the muscle. 
I.V. use: inject slowly, take at least one minute for each 5 mg (1 ml) 
given. Do not use small veins, i.e., dorsum of hand or wrist. Use ex- 
treme care to avoid intraarterial administration or extravasation. Do 
not mix or dilute with other solutions or drugs; do not add to I.V. fluids. 
Moderate psychoneurotic reactions, 2 to 5 mg |.M. or I.V. and severe 
sychoneurotic reactions, 5 to 10 mg I.M. or I.V., repeat in 3 to 4 hours 
if necessary; acute alcoholic withdrawal, 10 mg I.M. or I.V. initially, 
then 5 to 10 mg in 3 to 4 hours if necessary; muscle spasm, 5 to 10 mg 
I.M. or I.V. initially, then 5 to 10 mg in 3 to 4 hours if necessary (tet- 
anus may require larger doses); status 9 ak eo a severe recurrent 
convulsive seizures, 5 to 10 mg I.M. or I.V. initially, repeat in 2 to 4 
hours if necessary. In endoscopic procedures, titrate |.V. dosage to 
desired sedative response, generally 10 mg or less but up to 20 mg 
(if narcotics are omitted) immediately prior to procedure; if I.V. cannot 
be used, 5 to 10 mg I.M. approximately 30 minutes prior to procedure. 
As preoperative medication, 10 mg |.M.; in cardioversion, 5 to 15 mg 
I.V., within 5 to 10 minutes prior to procedure. Once acute symptom- 
atology has been properly controlled with injectable form, patient 
may be placed on oral form if further treatment is required. 


Management of Overdosage: Manifestations include somnolence, con- °* 
fusion, coma and diminished reflexes. Monitor respiration, pulse, blood 
pressure; employ general supportive measures, |.V. fluids, adequate 
airway. Immediate gastric lavage indicated for overdosage with tablets. 
Use levarterenol or metaraminol for hypotension, caffeine and sodium 
benzoate for CNS-depressive effects. Dialysis is of limited value. 


puppied: Tablets, 2 mg, 5 mg and 10 mg; bottles of 100 and 500; 
Tel-E-Dose® (unit dose) packages of 100, available in trays of 4 reverse- 
numbered boxes of 25, and in boxes containing 10 strips of 10; e 
Prescription Paks of 50, available singly and in trays of 10. Ampuls, 2 ml, 
boxes of 10; Vials, 10 ml, boxes of 1; Tel-E-Ject® (disposable syringes), 
2 ml, boxes of 10. Each ml contains 5 mg diazepam, compounded 

with 40% propylene glycol, 10% ethyl alcohol, 5% sodium benzoate & 
and benzoic acid as buffers, and 1.5% benzyl alcohol as preservative. 


<>, 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 








EDITORIAL 


The Surgical House Call 
Richard Warren, MD, Boston 


PAPERS READ BEFORE THE THIRTY-SECOND ANNUAL 
MEETING OF THE CENTRAL SURGICAL ASSOCIATION, 
CHICAGO, FEBRUARY 27-28 AND MARCH 1, 1975 


Education of the Surgeon 
William J. Fry, MD, Ann Arbor, Mich 


Gastrin Determinations in Symptomatic Patients 
Before and After Standard Ulcer Operations 
John F. Stremple, MD, Dan W. Elliott, MD, Pittsburgh 


Combining serum gastrin and gastric acid tests distinguished 
most causes of recurrent ulcer. 


implantable Pacemakers in Children 


Joseph D. Marco, MD; John E. Codd, MD; Hendrick B. Barner, MD; 
Barbara S. Czerwinski, RN; George C. Kaiser, MD, St. Louis 


Many reoperations needed, but they are effective. 


Isolation and Purification of Mediators of Cell Proliferation 


Thomas A. Kunkel, MS; Ralph R. Meyer, MS, PhD; 
J. Wesley Alexander, MD, ScD, Cincinnati 


Guinea pig liver yielded stimulating factors 
that may be significant. 


Dumbbell Neuroblastomas in Children 


Denis King, MD; Joseph Goodman, MD; Thomas Hawk, MD; 
E. Thomas Boles, Jr., MD; Martin P. Sayers, MD, Columbus, Ohio 


Removal advocated in two stages, spinal first, 
thoracic or abdominal second. 


Human Parathyroid Autotransplantation: Proved Function by 
Radioimmunoassay of Plasma Parathyroid Hormone 


Robert C. Hickey, MD, Naguib A. Samaan, MD, PhD, Houston 


Transplanted into forearm muscles; 
hormone assay on venous effluent indicated survival. 


Malignant Melanoma: The Patient With an Unknown Site of 
Primary Origin 
Gary H. Baab, MD, Charles M. McBride, MD, Houston 


Circumstantial evidence in favor of regressed cutaneous primary lesion. 


Chemotherapy, BCG, and Serum From Tumor-Bearing Mice: 


Comparative Effects on Growth and Spread of Mouse Lewis Lung Cancer 


John A. Greager, MD; Gregory Culberson, MD; 
Bradley Manning, MD; T. K. Das Gupta, MD, PhD, Chicago 
e 


> Immunotherapy ineffective except intralesionally; 
chemotherapy caused marked suppression of tumor growth. 


Implications of Suspicious Findings in Breast Cancer Screening 


J. David Lewis, MD; John R. Milbrath, MD; 
Katherine A. Shaffer, MD; Jerome J. DeCosse, MD, Milwaukee 


* Xeromammography best single modality but does miss a few. 
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Prognosis in Colon Cancer: A Pathologic Reassessment 


David Murray, MB, ChB, MRCPath: Andrew Hreno, MD, FRCS (C); 
James Dutton, MD; Lawrence G. Hampson, MD, FRCS (C), Montreal 


Sinus histiocytosis and local chronic inflammation 
indicated more favorable prognosis. 


Positive Nitrogen Balance Using Isotonic Crystalline Amino Acid Solution 


William J. Schulte, MD; Robert E. Condon, MD; 
Matthew A. Kraus, MD, Wood, Wis 


Five percent crystalline amino acids of value in short-term treatment. 


Metabolic Effects of Amino Acid vs Dextrose Infusion 
in Surgical Patients 


Joel B. Freeman, MD; Lewis D. Stegink, PhD; Paul D. Meyer, MD; 
Robert G. Thompson, MD; Lawrence DenBesten, MD, lowa City 


Amino acid infusion more effective at 1.7 than 1.0 gm/kg. 


Renovascular Hypertension Secondary to Arterial Fibrodysplasia in Adults: 


Criteria for Operation and Results of Surgical Therapy 
James C. Stanley, MD, William J. Fry, MD, Ann Arbor, Mich 


Ninty-five percent benefited from operation; 
best procedure aortorenal vein graft. 


Ergotism 


Lyle G. Henry, MD; John S. Blackwood, MD; 
James E. Conley, MD; Victor M. Bernhard, MD, Milwaukee 


Report of four patients with severe extremity ischemia. 


Accuracy of Ultrasound in Diagnosing Abdominal Masses 


Robert Richardson, MD; Lawrence W. Norton, MD: 
John Eule, MD; Ben Eiseman, MD, Denver 


Accurate for aneurysm and spleen masses; less accurate 
for other lesions. 


The Application of Ultrasound to the Study of Thyroid Enlargement: 
Management of 450 Cases 


Irving B. Rosen, MD, FRCS (C); Paul G. Walfish, MD, FRCP (C); 
Murray Miskin, MD, FRCP (C), Toronto 


Correlation of echographic diagnoses with pathological 
findings was 94%. 


Ultrasound Evaluation of Microanastomosis 


Allen L. Van Beek, MD; William J. Link, PhD; 
James E. Bennett, MD; John L. Glover, MD, Indianapolis 


Satisfactory in appraising anastomoses in replants of digits, hands, 
and arms. 


Renal Trauma During Laparotomy for intra-abdominal Injury 
Alexander S. Cass, MBBS, St. Paul 


Recommend surgical management of severe renal injury 
found during laparotomy. 


Hepatic Reticuloendothelial Host Defense Failure Following 
Surgical Trauma 


William A. Scovill, MD, Thomas M. Saba, PhD, Albany, NY 


Pituitary-adrenal system modulates postoperative 
reticuloendothelial phagocytosis. 
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HERE Fractured ribs 





Wherever it hurts, 

Empirin Compound with Codeine 
usually provides the relief 
needed. 


HERE . Herniated 
intervertebral disc 





In general, only pain so severe 
that it requires morphine is 
beyond the scope of 

Empirin Compound with Codeine. 
And Empirin Compound with 
Codeine provides an antitussive 
bonus, when coughing might 

put unwanted stress on 

healing tissues. 


® 


T prescribing convenience: 
up to 5 refills in 
6 months, at your discretion 
(unless restricted by state law); 


by telephone order in many states. 

Each tablet also contains: 

aspirin gr 372, phenacetin gr 212, C 
caffeine gr 12. 








PR oeer #3, codeine phosphate* (32.4 mg.), gr. Y2 
Wellcome / North Carolina 27709 #4, codeine phosphate* (64.8 mg.), or. 1 


*Warning—may be habit-forming. 
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PHYSICIAN Contents continued from p 858 
HOSPITAL Congenital Heart Disease in Adults: Surgical Management 960 
Seth Bekoe, MD; George J. Magovern, MD; 
George A. Liebler, MD; Sang B. Park, MD, Pittsburgh . 
RH ATONS | J Fifty-one patients, no mortality. 


ri tO he | O you Clinical Use of the Membrane Oxygenator 966 


Robert B. Pyle, MD; William C. Helton, MD; Frederick W. Johnson, MD; 


E QVO le & resolve John R. Hornung, MD; Carl E. Hunt, MD; Horace R. Trumball, MD; 


William G. Lindsay, MD; Demetre M. Nicoloff, MD, PhD, Minneapolis 


>i INİra N OS pital Lessons from experience with nine patients. 
i man OQ eme NT Electrocoagulation of Bleeding in the Upper Part of the 


Gastrointestinal Tract: A Preliminary Experimental Clinical Report 975 
taff C ‘ey nf | OT S Choichi Sugawa, MD; Michael Shier, MD; 
S Charles E. Lucas, MD; Alexander J. Walt, MD, Detroit 


Animal work led to success, at least initially, in six patients. 








In Vitro Evaluation of Inhibitors of Platelet Release and Aggregation 980 
J. C. Rosenberg, MD, PhD, Thomas L. Sell, Detroit 
Sulfinpyrazone one of the most promising. 


The Leukocyte Aggregation Test: Immunodiagnostic Applications and 
immunotherapeutic Implications for Clinical Renal Transplantation 984 
Barry D. Kahan, PhD, MD; Frank Krumlovsky, MD; Peter lvanovitch, MD, Chicago; 


James Greenwald, MD, Hammond, Ind; Casmir Firlit, MD, PhD; 
John Bergan, MD; Baldwin H. Tom, PhD, Chicago 


Positive reaction signified incipient rejection and 
response to methylprednisolone therapy. 








Rectal Myectomy in Hirschsprung Disease: A Decade of Experience 991 


Hugh B. Lynn, MD, Jonathan A. van Heerden, MB, ChB (Cape Town), FRCS (C), 
Rochester, Minn 


Thirty-seven patients support procedure for selected cases 
with short-segment aganglionosis. 








ż Physician-Hospital Relations, 1974, the 
officially approved report of the AMA's Massive Spontaneous Portal-Systemic Shunting Without Varices 995 
Council on Medical Service and its Com- Marvin J. Wexler, MD, Lloyd D. MacLean, MD, Montreal 
mittee on Private Practice, provides you Common pathways were splenoadrenorenal, umbilical, and inferior 
with common sense guidance on resolv- mesenteric veins. 
: ing conflicts among physicians, medical 
beg staffs, and hospital administration. The Surgical Aspects of Hyperparathyroidism 1004 
f John A. Palmer, MD; William A. Brown, MD; William H. Kerr, MD; 
is Every medical staff member, medical Irving B. Rosen, MD; Neil A. Watters, MD, Toronto 
$ Society executive, hospital trustee, ad- Removal of single adenoma sufficient if biopsy specimens 
i =- ministrator, and attorney should have a of other glands normal. 
E7 copy of this report on his desk. Order 
Er your copies now! Inferior Vena Cava Interruption: A New Indication? 1008 
fon Order Handling Dept., AMA, Erich W. Pollak, MD, Davis, Calif, Milo M. Webber, MD, Los Angeles; 
i 535 N. Dearborn St., Earl F. Wolfman, Jr., MD, Davis, Calif 


Chicago, III. 60610 Serial fibrinogen uptake test an important indicator 


$4 each — 1-10 copies of anticoagulation failure. 


= We Pye 
f 


$3.60— 11-49 
$3.20 —50 or more Glucocorticoid and Antibiotic Effect on 
Outside U.S. and Possessions Experimental Gram-Negative Bacteremic Shock 1012 
| $4.50 each. Mary Pitcairn; James Schuler, MD, Chicago; 
p Peter R. Erve, PhD; Steven Holtzman, MD; William Schumer, MD, Downey, III 
" ENOO is po 2. for a Dexamethasone and antibiotic administered together were 
Pe copy(s) of Physician-Hospital Relations, maximally protective against shock. 2 
P 1974, OP-425 
= apie? o ee a H The Role of Definitive Surgery in the Management of 
b> Perforated Duodenal Ulcer Disease 1016 * 
Oe oti en re John R. Kirkpatrick, MD, Detroit 
City oy POE ae 0 if Definitive ulcer operation recommended irrespective 
of previous history. 
State 207. Se SO eID ios. 
Payment must accompany order AS875 
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Nb injection | 


STERILE CEPHRADINE 
FOR INJECTION 


joins the oral forms 
of Velosef 


Now, a single 
cephalosporin 
compound is 
available in 
parenteral and 
oral forms. 


See last pages of this adve 
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no other 
cephalosporin 
offers you this 
versatility 


elosef 





_ CEPHRADINE, SQUIBB 


IV im po 


for the first time, you 

can switch from parenteral 
to oral therapy without 
Switching to a different 
cephalosporin* 


*See last pages of this advertisement for brief summaries. 
Note particularly the differences in indications between 
parenteral and oral forms. 
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Sterile Cephradine for Injection 
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k DESCRIPTION: Velosef for Injection (Sterile Cephradine for In- 
_ jection) is a sterile powder for reconstitution available in vials 

containing 250 mg., 500 mg., or 1 g. cephradine, and in bottles 
containing 2 g. or 4 g. cephradine. The preparations also contain 
79 mg., 157 mg., 315 mg., 630 mg., or 1.26 g. anhydrous sodium 
= carbonate respectively. The sodium content is approximately 136 
mg. (6 mEq.) per g. of cephradine. 


_ INDICATIONS: This drug is indicated for the treatment of serious 
_ infections when due to susceptible strains of designated micro- 
i _ Organisms as follows: Respiratory Tract Infections due to Strepto- 
_ coccus pneumoniae (formerly D. pneumoniae), Klebsiella sp., 
TA H. influenzae, Staphylococcus aureus, and group A beta-hemolytic 
Bee ceptococc! [penicillin is the usual drug of choice in the treatment 
and prevention of streptococcal infections, including the pro- 
_ phylaxis of rheumatic fever; Velosef (Cephradine, Squibb) is gen- 
= erally effective in the eradication of streptococci from the naso- 
pharynx; substantial data establishing the efficacy of Velosef in 
the subsequent prevention of rheumatic fever are not available at 
- present]; Urinary Tract Infections due to E. coli, Pr. mirabilis, and 
a Jebsiella sp.; Skin and Soft Tissue Infections due to S. aureus 
and group A beta-hemolytic streptococci; Septicemia due to 
Be streptococcus pneumoniae, S. aureus, Pr. mirabilis, and E. coli. 
2a Note: Culture and susceptibility tests should be initiated prior 
= to and during cephradine therapy. Renal function studies should 
_ be performed when indicated. 















- CONTRAINDICATIONS: In patients with known hypersensitivity to 
- the cephalosporin group of antibiotics. 
E WARNINGS: Use cephalosporin C derivatives with great caution 
_in penicillin-sensitive patients since there is clinical and labora- 
Bx. tory evidence of partial cross-allergenicity of the two groups of 
antibiotics; there are instances of reactions to both drugs (includ- 
a ing fatal anaphylaxis after parenteral use). 
= Use cautiously and only when absolutely necessary in persons 
___ who have demonstrated some form of allergy, particularly to drugs. 
_ Serious anaphylactoid reactions require immediate emergency 
d treatment with epinephrine; administer oxygen, |.V. steroids, and 
airway management (including intubation) as indicated. 


_ Usage in Pregnancy and Lactation: Although no teratogenic or 
 anti-fertility effects were seen in reproduction studies in mice and 
= rats receiving up to four times the maximum human dose, the 
_ safety for use in human pregnancy has not been established; 

_ weigh benefits in pregnant women against possible risk to the 
- fetus. Cephradine is secreted in breast milk during lactation. 









Usage in Infants: Although this drug has been used effectively 
in infants, consider the benefits to risks ratio of the drug in the 
treatment of premature infants or infants under one year of age 
since all laboratory parameters have not been extensively studied 
_ in this age group. 


A 


_ PRECAUTIONS: Prolonged use of antibiotics may promote over- 
= growth of nonsusceptible organisms. Take appropriate measures 
should superinfection occur during therapy. 
s. a Use lower daily dosage of Velosef for Injection (Sterile Cephra- 
< dine for Injection) in presence of markedly impaired renal func- 
= tion. In known or suspected renal impairment, careful clinical 
observation and appropriate laboratory studies should be con- 
-~ ducted since cephradine in the usual recommended dosage will 
accumulate in the serum and tissues. 
= To detect any side effects or unusual manifestations of drug 
 idiosyncrasy, follow patients carefully. Discontinue drug and treat 
with the usual agents (e.g., pressor amines, antihistamines or 
corticosteroids) if a hypersensitivity reaction occurs. 
= After treatment with cephradine, a false positive reaction for 
_ glucose in the urine may occur with Benedict's solution, Fehling’s 
te Pes luson, or with Clinitest® tablets, but not with enzyme-based 
iy tests such as Clinistix® and Tes-Tape”. As with other cephalo- 
p -sporins, positive direct Coombs tests have been reported in- 
h 






_ frequently. 
This drug is physically compatible with most commonly used 
ie LV. fluids and electrolyte solutions (such as 5% Dextrose Injec- 
We tion, Sodium Chloride Injection, or M/6 sodium lactate); however, 
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CEPHRADINE, SQUIBB 
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[| The only cephalosporin compound 
available in both parenteral and 
oral dosage forms. 


O Bactericidal in vitro. 


O Not significantly metabolized to a 
less active compound. | 


O Excellent to good clinical results 
in 90.4% of 806 patients on IV or 
IM and 86.7% of 3719 patients on 
oral therapy. 


it is not compatible with Lactated Ringer’s Injection because of 
the incompatibility between calcium ions and the sodium carbon- 
ate in Velosef for Injection (Sterile Cephradine for Injection). 


ADVERSE REACTIONS: Untoward reactions are limited essentially 
to G.I. disturbances and to hypersensitivity phenomena. The latter 
are more likely to occur in persons who have previously demon- 
strated hypersensitivity and those with a history of allergy, asthma, 
hay fever, or urticaria. 

The following adverse reactions have been reported following 
use of cephradine: G.|.—glossitis, nausea, vomiting, diarrhea or 
loose stools, tenesmus, abdominal pain. Skin and Hypersensitivity 
Reactions—mild urticaria or skin rash, edema, erythema, pruritus, 
joint pains, drug fever. Blood—mild, transient eosinophilia, leuko- 
penia and neutropenia. Liver—elevated SGOT and SGPT have 
been observed in approximately 10% and 2% of patients respec- 
tively; elevated total bilirubin, alkaline phosphatase and LDH have 
been observed in a few cases; in most cases, values tended to 
return to normal after the end of therapy. Renal—mild rises in 
BUN have been observed in some patients treated with cephalé- 
sporins; their frequency increases in patients over 50 years old 
and in children under three. In adults for whom serum creatinine 
determinations were performed, the rise in BUN was not accom- 
panied by a rise in serum creatinine. Others—headache, dizziness, 
dyspnea, paresthesia, candidal overgrowth, candidal vaginitis, 
hepatomegaly (isolated instances), and thrombophlebitis at injec- 
tion site. 

Some patients experienced pain on I.M. injection. Administer 
this drug by deep I.M. injection since sterile abscesses have Deen 
reported following accidental subcutaneous injection. 

For full prescribing information, consult package insert. 


HOW SUPPLIED: Available for I.M. or I.V. use in vials containing 
250 mg., 500 mg., or 1 g. cephradine, and for I.V. use in 100 ml. 
infusion bottles containing 2 g. or 4 g. cephradine. 


O Effective against a broad range of 
both gram positive and gram neg- 
ative organisms, including strains 
of penicillin-resistant Staphy- 
lococcus aureus. (See Brief Sum- 
maries for susceptible organisms 
and indications.) 


O Low serum protein binding. 


O Excreted in the urine in high 
concentrations. 


O Well tolerated—93.5% of 6555 
patients who received oral and/ 
or parenteral Velosef (Cephradine, 
Squibb) were free of any reported 
adverse reactions. (See Adverse 
Reactions sections of Brief Sum- 
maries on these pages for a 
complete list of adverse reactions.) 


VELOSEF® CAPSULES 

Cephradine Capsules 

VELOSEF® for ORAL SUSPENSION 
Cephradine for Oral Suspension 


DESCRIPTION: Velosef ‘250’ Capsules and Velosef ‘500’ Capsules 
(Cephradine Capsules) provide 250 mg. and 500 mg. cephradine, 
respectively, per capsule. Velosef ‘125’ for Oral Suspension and 
Velosef ‘250’ for Oral Suspension (Cephradine for Oral Suspen- 
sion) after reconstitution provide 125 mg. and 250 mg. cephra- 
dine, respectively, per 5 ml. teaspoonful. 


INDICATIONS: These preparations are indicated for the treatment 
of infections caused by susceptible strains of designated micro- 
organisms as follows: Respiratory Tract Infections (e.g., tonsillitis, 
pharyngitis, and lobar pneumonia) due to D. pneumoniae and 
group A beta-hemolytic streptococci [penicillin is the usual drug 
of choice in the treatment and prevention of streptococcal infec- 
tions, including the prophylaxis of rheumatic fever; Velosef (Ceph- 
radine, Squibb) is generally effective in the eradication of strepto- 
cocci from the nasopharynx; substantial data establishing the 
efficacyeof Velosef in the subsequent prevention of rheumatic 
fever are not available at present]; Otitis Media due to group A 
beta-hemolytic streptococci, H. influenzae, staphylococci, and 
D. pneumoniae; Skin and Soft Tissue Infections due to staphylo- 
cocci; Urinary Tract Infections, including prostatitis, due to E. coli, 
Pr. mirabilis and Klebsiella sp. 

Note: Culture and susceptibility tests should be initiated prior 
to and during cephradine therapy. Renal function studies should 

be performed when indicated. 
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CONTRAINDICATIONS: In patients with known hypersensitivity to =s 


the cephalosporin group of antibiotics. 


WARNINGS: Use cephalosporin C derivatives with great caution 
in penicillin-sensitive patients since there is clinical and labora- 
tory evidence of partial cross-allergenicity of the two groups of 
antibiotics; there are instances of reactions to both drugs (in- 
cluding fatal anaphylaxis after parenteral use). 

Use cautiously and only when absolutely necessary in persons 
who have demonstrated some form of allergy, particularly to drugs. 

Usage in Pregnancy and Lactation: Although no teratogenic or 
anti-fertility effects were seen in reproduction studies in mice and 
rats receiving up to four times the maximum human dose, the 
safety for use in human pregnancy has not been established; 
weigh benefits in pregnant women against possible risk to the 
fetus. Cephradine is secreted in breast milk during lactation. 


PRECAUTIONS: To detect any side effects or unusual manifesta- | 


tions of drug idiosyncrasy, follow patients carefully. Discontinue 
drug and treat with the usual agents (e.g., pressor amines, anti- 
histamines or corticosteroids) if a hypersensitivity reaction occurs. 

Administer cephradine with caution in presence of markedly im- 
paired renal function. In known or suspected renal impairment, 
careful clinical observation and appropriate laboratory studies 
should be made prior to and during cephradine therapy since 
cephradine accumulates in the serum and tissues. Patients with 
impaired renal function require a modified dosage schedule (see 
package insert). 

Prolonged use of antibiotics may promote overgrowth of non- 
susceptible organisms. Take appropriate measures should super- 
infection occur during therapy. 

After treatment with cephradine, a false positive reaction for 
glucose in the urine may occur with Benedict’s solution, Fehling’s 
solution, or with Clinitest® tablets, but not with enzyme-based 
tests such as Clinistix® and Tes-Tape®. 

Recognize that a post-treatment positive Coombs test may be 
due to the drug since a false positive direct Coombs test has been 
reported after treatment with other cephalosporins. 

Indicated surgical procedures should be performed in conjunc- 
tion with antibiotic therapy. 


ADVERSE REACTIONS: Untoward reactions are limited essen- 
tially to G.I. disturbances and to hypersensitivity phenomena. The 
latter are more likely to occur in persons who have previously 
demonstrated hypersensitivity;and those with a history of allergy, 
asthma, hay fever, or urticaria. 

The following adverse reactions have been reported following 
use of cephradine: G.I.—glossitis, nausea, vomiting, diarrhea or 
loose stools, abdominal pain, heartburn. Skin and Hypersensi- 
tivity Reactions—mild urticaria or skin rash, pruritus, joint pains. 
Blood—mild transient eosinophilia, leukopenia and neutropenia. 
Liver—transient mild rise of SGOT, SGPT, and total bilirubin with 
no evidence of hepatocellular damage. Renal—Transitory rises in 
BUN have been observed in some patients treated with cephalo- 
sporins; their frequency increases in patients over 50 years old. 
In adults for whom serum creatinine determinations were per- 
formed, the rise in BUN was not accompanied by a rise in serum 
creatinine. Others—dizziness, tightness in chest, and candidal 
vaginitis. 

For full prescribing information, consult package insert. 


HOW SUPPLIED: 250 mg. and 500 mg. capsules in bottles of 24 
and 100. 125 mg. and 250 mg. for oral suspension in bottles of 


100 ml. 
m 
'The Priceless Ingredient of every product 
is the honor and integrity of its makeri ™ 
785-010 


©1975, E. R. Squibb & Sons, Inc. 
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Instructions for Authors 


Send manuscripts by first-class mail to the Chief Editor, 
Richard Warren, MD, 319 Longwood Ave, Boston 02115. 
Manuscripts are received with the understanding that 
they are not under simultaneous consideration by another 
publication. Accepted manuscripts become the permanent 
property of the ARCHIVES and may not be published else- 
where without permission from the publisher (AMA). 


fsal All accepted manuscripts are subject to copy editing. 
The author will receive an edited typescript and layout 
rather than galley or page proofs for approval. The author 
is responsible for all statements in his work, including 
changes made by the copy editor. 


E] Designate one author as correspondent and provide his 
address and telephone number. He will be notified by mail 
of the intended publication date approximately one month 
in advance. Order reprints at the time the typescript is 
returned after editorial processing. Specify address to 
which requests for reprints should be sent. 


[C] Submit an original typescript and two high quality 
copies of the entire manuscript including short communica- 
tions such as letters to the editor, book reviews, announce- 
ments, etc. All copy (including references, legends, and 
tables) must be typed double-spaced on 22 « 28 cm (8% x 
11 inch), heavy-duty white bond paper. Ample margins 
should be provided. 


ha Titles should be short, specific, and clear. They should 
not exceed 75 characters, including punctuation and spaces. 
A subtitle is often useful to shorten the main title. Provide 
a brief “running title” on each manuscript page. 


C] The style of writing should conform to acceptable 
English usage and syntax. Slang, medical jargon, obscure 
abbreviations, and abbreviated phrasing are to be avoided. 


C] Manuscripts reporting the results of experimental in- 
vestigations on human subjects must include a statement 
to the effect that informed consent was obtained after the 
nature of the procedure(s) had been fully explained. 


mm Authors whose “first” language is not English should 
arrange for their manuscripts to be written in idiomatic 
English prior to submission. 


B Provide an abstract (135-word maximum) of the arti- 
cle. The abstract should include statements of the problem, 
method of study, results, and conclusions. The abstract 
replaces the summary. 


fu List references in consecutive numerical order (not 
alphabetically). Once a reference is cited, all subsequent 
citations should be to the original number. All references 
must be cited in the text or tables. Unpublished data 
and personal communications should not be listed as 
references. References to journal articles should include 
(1) author, (2) title, (3) journal name (as abbreviated 
in Index Medicus), (4) volume number, (5) inclusive page 
numbers, and (6) year, in that order. References to books 
ə should include (1) author(s), (2) chapter title (if any), (3) 
editor (if any), (4) title of book, (5) city of publication, 
(6) publisher, and (7) year. Volume and edition num- 
bers, specific pages, and name of translator should be 
included when appropriate. The author is responsible for 
the accuracy and completeness of the references and for 
theiy correct text citation. Note this journal’s punctuation 
and sequence style in published reference lists. 


a Refer to patients by number (or, in anecdotal reports, 
by fictitious given names). Real names or initials should 
not be used in the text, tables, or illustrations. 


Arch Surg—Vo!l 110, Aug 1975 


Effective with the January 1975 issue, the provision 
of free offprints (tearsheets) of articles to authors 
was discontinued. Authors may continue to order 
reprints in accordance with the form sent to them 
during the processing of their manuscripts. 





E All measurements are to be in metric units. 


a Letters to the Editor. The editor will be pleased to 
receive correspondence of 250 words or less that pertains 
to material published in the ARCHIVES or to other matters 
of interest to its readers. Letters should be typewritten, 
double-spaced and clearly marked “For Publication.” No 
more than two references are permitted, and illustrations 
are acceptable only when essential to the message. 


[] Use only those illustrations that clarify and augment 
the text. Submit illustrations in duplicate, unmounted 
and untrimmed. Do not send original artwork. Send high- 
contrast glossy prints (not photocopies). Figure number, 
name of senior author, and arrow indicating “top” should 
be typed on a gummed label and affixed to the back of 
each illustration. All lettering must be legible after reduc- 
tion to column size. Artwork submitted for publication may 
be relettered to achieve uniformity of lettering style through- 
out the journal. Magnification and stain should be provided 
when pertinent. Illustrations should preferably be in a 
proportion of 12.5 x 18 em (5 x 7 inches). Legends 
should be typed double spaced beginning on a separate 
sheet of paper. Length should be limited to 40 words. 


E An experienced medical illustrator should be employed 
whenever possible for the preparation of all artwork. 
Template lettering or preset type is preferred to hand- 
lettered labels. If halftone artwork with labels is sub- 
mitted, affix type and leaders to a clear acetate overlay 
registered to the base drawing. Labels and leaders should 
be applied directly to the drawing board surface if the 
artwork consists only of line ink technique. 


Pil A letter of consent must accompany all photographs 
of patients in which a possibility of identification exists. 
It is not sufficient to cover the eyes to mask identity. 


[C] Illustrations in full color are accepted for publication 
if the editors believe that color will add significantly 
to the published manuscript. The ARCHIVES will pay part 
of the expense of reproduction and printing color illus- 
trations, the remainder to be borne by the author or his 
sponsor. After deducting the ARCHIVES contribution, the 
author’s share is $275.00 for up to six square finished 
illustrations which can be arranged on a one-page layout. 
Any additional illustrations or special effects will be billed 
to the author at cost. Positive color transparencies (35 
mm preferred) must be submitted for an evaluation. 
Do not send color prints unless accompanied by original 
transparencies. All transparencies should be carefully 
packed and sent with the manuscript. 


[ ] Each table should be typed double-spaced, including 
all headings, on a separate sheet of 22 x 28 cm paper. Do 
not use larger paper. If a table must be continued, use a 
second sheet and repeat all heads and stubs. 

B Tables should be arranged so they will print no wider 
than three columns in the ARCHIVES. Generally up to nine 
columns of data (including stub, or left column) will fit 
into three columns. Tables must be numbered consecutively, 
beginning with 1, and each must be titled. Example: 
“Table 6.—Results of Blood Coagulation Studies.” 


Instructions for Authors 867 
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bsorbable Hemostat 
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Reliable and safe hemostat 


to help control small-vessel bleeding 
without injuring vital tissue 
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oxidized regenerated cellulose 





SURGICEL Absorbable Hemostat 
TRADEMARK 
(oxidized regenerated cellulose) 
FOR SURGICAL USE 
(For dental applications of this product, refer- 


ence should be made to the package insert for 
dental use.) 


DESCRIPTION: SURGICEL Absorbable Hemo- 
Stat is a chemically-sterilized, absorbable 
knitted fabric prepared Y the controlled oxi- 
dation of regenerated cellulose. The fabric is 
white with a pale yellow cast and has a faint, 
caramel-like aroma. It is strong and can be 


sutured or cut without fraying. It is stable and 
can be stored at controlled room temper- 
ature. A slight discoloration may occur with 
age, but this does not affect performance. 


ACTIONS: The mechanism of action whereby 
SURGICEL accelerates clotting is not com- 
pletely understood, but it appears to be a 
physical effect rather than any alteration of 
the normal physiologic clotting mechanism. 
After SURGICEL Absorbable Hemostat has 
been saturated with blood, it swells into a 
brownish or black gelatinous mass which aids 
in the formation of a clot, thereby serving as 
a hemostatic adjunct in the control of local 
hemorrhage. When used properly in minimal 
amounts, SURGICEL is absorbed from the 
sites of implantation with practically no tissue 
reaction. Absorption depends upon several 
factors including the amount used, degree of 
saturation with blood, and the tissue bed. 


INDICATIONS: SURGICEL Absorbable Hemo- 
stat (oxidized regenerated cellulose) is used 
adjunctively in surgical procedures to assist 
in the control of capillary, venous, and small 
arterial hemorrhage when ligation or other 
conventional methods of control are imprac- 
tical or ineffective. 


CONTRAINDICATIONS: Although packing or 
wadding sometimes is medically necessary, 
SURGICEL Absorbable Hemostat should not 


be used in this manner unless it is to be re- 
moved after hemostasis is achieved. 

SURGICEL should not be used for implan- 
tation in bone defects, such as fractures, 
since there is a possibility of interference 
with callus formation and a theoretical chance 
of cyst formation. 

When SURGICEL is used to help achieve 
hemostasis around the spinal cord in lam- 
inectomies, or around the optic nerve and 
chiasm, it must always be removed after 
hemostasis is achieved since it will swell Sand 
could exert unwanted pressure. 

SURGICEL should not be used to control 
hemorrhage from large arteries. 

SURGICEL should not be used on non- 
hemorrhagic serous oozing surfaces, since 
body fluids other than whole blood, such as 
serum, do not react with SURGICEL to pro- 
duce satisfactory hemostatic effect. $ 


WARNINGS: SURGICEL Absorbable Hemostat 
is supplied sterile and should not be auto- 
claved because autoclaving causes physical 
breakdown of the product. 

SURGICEL is not intended as a substitute 
for careful surgery and the proper use of 
sutures and ligatures. 

Closing SURGICEL in a contaminated 
wound without drainage may lead to compli- 
cations and should be avoided. 

The hemostatic effect of SURGICEL is 
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Rapid and complete absorption With 
virtually no tissue reaction when used as - | 
properly in minimal amounts for hemostasis c= 
SURGICEL Absorbable Hemostatis 
completely absorbable from sites of ~ 
implantation after it has become a_ . 
gelatinous mass that aids inthe =~. 
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formation of aclot. ~~~ 


Convenient to use. SURGICEL ~ 

Absorbable Hemostat requires no addi- ~~ 
tional hemostatic preparation; it is ready for 

use directly from the vial. When exposed” 

to blood, it adheres readily to tissues but 

generally not to dry instruments or dry surgical 3 
gloves. SURGICEL Absorbable Héemosta 

should be stored at controlled room temperature 
Before using SURGICEL Absorbable Hemostat; 

please refer to product information below. 


greater when it is applied dry; therefore it 
should not be moistened with water or saline. 
SURGICEL should not be impregnated with 
anti-infective agents or with other materials 
such as buffering or hemostatic substances. 
Its hemostatic effect is not enhanced by the 
addition of thrombin, the activity of which is 
destroyed by the low pH of the product. 
Although SURGICEL Absorbable Hemostat 
may be left in situ when necessary, it is ad- 
visable to remove it once hemostasis is 
acfieved. It must always be removed from 
the site of application after use in laminec- 
tomy procedures and from foramina in bone 
when hemostasis is obtained. This is because 
SURGICEL, by swelling, may cause nerve 
damage by pressure in a bony confine. Pa- 
ralysis has been reported when used around 
the spinal cord, particularly in surgery for 
herniate@dintervertebra! disc. 


PRECAUTIONS: Use only as much SURGICEL 
Absorbable Hemostat as is necessary for he- 
mostasis, holding it in place until pases 
stops. Remove any excess before surgica 
closure in order to facilitate absorption and 
minimize the possibility of foreign body 
reaction. 

SURGICEL should be applied loosely 
against the bleeding surface. Wadding or 
» packing should be avoided, especially within 
rigid cavities, where swelling may interfere 
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with normal function or possibily cause 
necrosis. 

In urological procedures, minimal amounts 
of SURGICEL should be used and care must 
be exercised to prevent plugging of the 
urethra, ureter, or a catheter by dislodged 
portions of the product. 

Since absorption of SURGICEL could be pre- 
vented in chemically cauterized areas, its use 
should not be preceded by application of sil- 
ver nitrate or any other escharotic chemicals. 

If SURGICEL is used temporarily to line the 
cavity of large open wounds, it should be 
placed so as not to overlap the skin edges. 
It should also be removed from open wounds 
by forceps or by irrigation with sterile water 
or saline solution after bleeding has stopped. 

Precautions should be taken in otorhino- 
laryngologic surgery to assure that none of 
the material is aspirated by the patient. (Ex- 
amples: controlling hemorrhage after tonsil- 
lectomy and controlling epistaxis.) 

Care should be taken not to apply SURGI- 
CEL too nemiy when it is used as a wrap 
during vascular surgery (see “ADVERSE 
REACTIONS” section). 


ADVERSE REACTIONS: “Encapsulation” of fluid 
and foreign body reactions have been reported. 

There have been two reports of stenotic 
effect when SURGICEL Absorbable Hemostat 
has been applied as a wrap during vascular 


Wide hemostatic application in surgery. 

SURGICEĽ Absorbable Hemostat is a pliable 

knitted fabric that has been found to be inherently 
and dependably hemostatic when used as an aid in 
the control of small-vessel bleeding in abdominal, 
thoracic, neurosurgical, orthopedic, cardiovascular, 
gynecologic and otorhinolaryngologic procedures, 
in Superficial open wounds and on donor sites. 
SURGICEL Absorbable Hemostat is.a valuable . 

adjunct in the control of small-vessel bleeding when 

ligation or other conventional methods of control 

are impractical or ineffective. a 







surgery. Although it has not been established 


-that the stenosis was directly related to the 


use Of SURGICEL, it is important to be cau- 
tious and avoid applying the material tightly 
as a wrapping. 

Possible prolongation of drainage in cho- 
lecystectomies and difficulty passing urine 
per urethra after prostatectomy have been 
reported. There has been one report of a 
blocked ureter after kidney resection, in 
which postoperative catheterization was 
required. 

Occasional! reports of “burning” and “sting- 
ing” sensations and sneezing when SURGI- 
CEL has been used as packing in epistaxis, 
are believed due to the low pH of the product. 

Burning has been reported when SURGI- 
CEL was applied after nasal polyp removal 
and after hemorrhoidectomy. Headache, burn- 
ing, stinging, and sneezing in epistaxis and 
other rhinological procedures, and stinging 
when SURGICEL was applied on surface 
wounds (varicose ulcerations, dermabrasions, 
and donor sites) also have been reported. 
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Editorial 


The Surgical House Call 


e surgeons perform some cures; more often we pal- 

liate, leaving unfinished business that then becomes 
the responsibility of some member of our profession. I 
propose that the act of fulfilling this responsibility should 
be undertaken, at least occasionally, in the patient’s home 
and by his surgeon. 

Take, for example, the lonely frightened woman with a 
long-standing ileostomy for ulcerative colitis suffering se- 
vere abdominal eramps and having no neighbors, friends, 
or ready means of transportation; the older patient with 
recurrent cancer of the pharynx, obviously preterminal, 
but with an intermittent airway problem; the patient with 
a large venous stasis ulcer being treated at home on wet 
dressings and elevation; the hemiplegic with a failed 
femoropopliteal bypass graft for toe gangrene in his para- 
lytic leg, awaiting decision for or against amputation. 

The surgeon is rarely called to the home to see new pa- 
tients suffering from “primary care” problems. But those 
whom he has touched for their main complaint in most in- 
stances will be better served by the continuity of care and 
understanding that he can furnish best. Admittedly, the 
majority of follow-up ministrations are most conveniently 
provided in the office of the surgeon. But if this cannot be, 
then he should not shrink from the house call. 

What are the arguments against the surgical house call? 

1. If there is a real need for medical attention it can be 
most efficiently applied where there is equipment (appro- 
priate dressings, roentgenograms, electrocardiograms). 

2. A specialist's time is so valuable that he can deliver 
the greatest good by not spending some of it in travelling 
to the patient. 

3. A house call is more expensive. 

4. The surgeon is not expected to, not “supposed to,” do 
this sort of thing. He is usurping the prerogative of other 
disciplines, particularly that which gave the initial pri- 
mary care. 

I have tried not to phrase these objections in derisive 
terms and yet, as I reread them, the replies seem self-evi- 
* dent. The examples cited do not require special equipment 
to make the decision about whether the patient is making 
satisfactory progress at home or whether he or she should 
enter the next echelon of care, namely, the hospital. The 
statement that a specialist’s time is too valuable has, in 
the dight of statistics indicating overproduction in some 
specialties, a hollow ring. It may be valuable to him, but, 
since others are available, not essential to the community. 
The patient and/or the insurer is only too happy to pay a 
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house call fee and save that of transportation, in some 


cases by ambulance at between $30 and $50 each way fora — 
local trip. And the objection of the primary care physician 
cannot be taken seriously. If more surgeons “stooped” to i 


house calls, perhaps more internists would also. 
What are the arguments in favor? 


1. The surgeon obtains a knowledge of the milieu in 
which the patient is convalescing: the stairs, the toilet and 


eating facilities, the motivation and talents of others in 


the house on whom the patient depends. At one hospital 


with which I was associated, a surgical resident went out 
once a week with a nurse to call on a list of recently dis- 
charged patients. Each new resident left for the round 
with some reluctance and puzzlement, yet he returned 
elated from the two- to three-hour trip with a feeling of 
having undergone a unique educational experience. 

2. Rogers has pointed out,’ quoting McDermott, that 
the most important treatment is often the physician him- 
self. The mere fact that the identified responsible physi- 
cian, in this case the surgeon, in whom the patient and 
family have put their faith, has walked in the door is an 
essential item in setting their anxieties at rest. Not the 
least of these anxieties has been how to relate with confi- 
dence to the medical profession. 

I have avoided comments on, much less produced a solu- 
tion to, the matter of who should undertake primary care, 
under what system, group, or otherwise. The pediatricians 
will possibly always organize this differently from the 
family physicians and the internists. I merely propose 
that we, as surgeons, should develop a conscience, which, 
far from avoiding house calls at all costs, should lead us 
to make them when common sense so dictates. There is 
nothing incompatible with the arduous job of consulting, 
office practice, operating, hospital committees, student 
and house staff teaching, and running a laboratory, on the 
one hand, and making the needed house call, on the other. 
There should be no distinction between full-time and part- 
time. Let those who now do it, sometimes even furtively, 
not be ashamed of the practice, and let us all realize how 
great can be its rewards in the welfare and respect of our 
patients, and in soul-satisfaction for ourselves. 

RICHARD WARREN, MD 
319 Longwood Ave 
Boston, MA 02115 


1. Rogers DE: The doctor himself must become the treatment. 


Pharos 37:124-129, 1974. 
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he Central Surgical Association was organized 35 

i years ago in Michigan. The list of founding members 
= is composed of men who had the education of the surgeon 
as their chief concern. One cannot help but be impressed 
with names such as Roy McClure, Frederick Coller, Dallas 
ee _ Phemister, Fraser Gurd, and Henry Ransom, to name just 
a few. These men were leaders in surgical education in 
1940 and they helped form the backbone of the central 
North American residency training programs. Their lead- 
a ership was instrumental in setting up standards and 
_ methods of education by which many of us were trained. 

In view of our Association’s heritage and the turmoil of 
= our time, it seems appropriate to review the problems and 
_ goals of surgical education today. 

There are at least 340 approved general surgery train- 
A _ ing programs in the United States today. These 430 pro- 
grams graduated 1,580 trainees last year. They had the 
Bie potential to graduate many more. Dr. McLaughlin, in his 
presidential address to the American College of Surgeons, 
= predicted that if the present rate of training continues, by 
B 1984 there will be more surgical specialists per capita than 
: total physicians at the present time.' Obviously, our goals 
as well as our methods need to be reevaluated. The truth is 
that we, as a surgical community, have no unified goals re- 
lated to the quality or number of training programs. 

_ The increase in demand for surgeons that occurred af- 
i _ ter World War II brought about a remarkable growth in 
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it raised the level of surgical care. The large number of 
programs continues, despite a marked reduction in need. 
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is Accepted for publication March 14, 1975. 
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Recruiting policies demand that poorly qualified individ- 
uals are lured into some institutions in order to sustain 
the quantity demanded. This set of circumstances creates 
a downward trend in quality. 

From this type of background, three general types of 
residency training programs have evolved. The first is 
found most commonly, but not exclusively, in the private 
hospital. It is here that the resident is used largely for the 
service he renders; the educational goals of the institution 
are nebulous or nonexistent. The surgical resident is used 
as cheap labor to keep records up to date and to hold re- 
tractors. Little time is devoted to education because it 
detracts from the business at hand. Graduates from 
American and Canadian medical schools are bright, highly 
selective people. They do not apply to such residency pro- 
grams because of the lack of educational opportunity. 
Therefore, the foreign medical graduate is recruited. He is 
lured to this country with the hope of a superior education 
that he does not receive. At a recent part 2 examination of 
the American Board of Surgery, 52.4% of the foreign med- 
ical graduate applicants failed. What a sad ruse this is for 
the trainee. He is led on by the hope of training in the 
United States, used, and then rejected. Statistics indicate 
that he does not leave this country but stays and practices 
medicine (American Surgical Association and American 
College of Surgeons, unpublished data). As a country and 
as a surgical community, we appear to have adapted to. 
this situation. Unfortunately, we have adapted to medi- * 
ocrity. Before we become too smug about our training pro- 
grams, it should be pointed out that at the same American 
Board examination 24.1% of the domestic candidates 
failed part 2. 

The second type of training program is the “big name,” 
prestigious residency. Here the institution’s name is held 
in high esteem, many times more by tradition than by 
fact. Because of the potential for excellent training and 
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the large cadre of distinguished people involved in the 
program, only top applicants are accepted. These resi- 
denctes have a steep pyramidal system. A large number of 
first-year applicants are accepted to meet the service de- 
mands of the associated private sector affiliate. They are 
quickly dropped after the service obligations are fulfilled. 
A small number persist and finish the residency, usually 
after an extended period of time. 

While graduates from such training programs are in 
some respects the pride of the surgical community, what 
price has been paid for such personnel? 

What of the large number of young people led on by the 
hope of training at this prestigious institution? They are 
used and discarded after a period of time. There is fierce 
competition for the one or two spots available at the top of 
the residency pyramid. While competition is the backbone 
of American heritage, one can hardly condone this dog- 
eat-dog approach to education. Not only does it serve as a 
cover for lack of education, but it is disruptive and coun- 
terproductive in the life of the individual who does not 
make it to the top of the pyramid. His potential may never 
be realized, and thus the surgical community has lost part 
of the excellence it desires. These programs graduate only 
individuals with superior intelligence. As these individ- 
uals progress through the many years of servitude, actual 
education imparted to them by the attending staff is 
small. Their innate intelligence assures that they do well, 
but have they not, in effect, trained themselves by their 
own intellectual discipline? 

While the products of these training programs do well 
on their Board examinations, I would say that this repre- 
sents a cruel and wasteful method of education. The loser 
who is discarded from the pyramid program has his life 
and education disrupted. Many times he may never re- 
cover. The winner at the top of the pyramid has spent 
more years in servitude than is necessary for his intellec- 
tual capacity. His years of productivity and his time for 
intellectual originality have been cut unnecessarily short 
by this method of training. 

The third type of residency program is found either in 
the private or university hospital setting. Goals of the pro- 
gram are well delineated and the methods of education 
are carefully monitored by a group of dedicated teachers. 
These residency programs tend to be highly selective at 
the beginning, taking only as many residents as they can 
graduate. Little or no pyramidal practices are seen in 
these institutions. Research is encouraged but not over- 
emphasized. The goal is an attempt to achieve excellence 
in clinical surgery. Educational processes are tailored to 
the needs and goals of the trainees involved. Individual 
trainees, having passed a highly selective hurdle of initial 
appointment, are able to concentrate on the process of 
learning, guided by a thoughtful and progressive program 
director and his staff. The trainee is suited for private 
practice, large clinic practice, or academics, depending on 
his goals and the special attention directed toward his 
education during the residency. 

Perhaps I have described the ideal, and I am sure that 
féw training programs achieve it. This quest for excel- 
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lence is accomplished by the constant attention of the pro- 
gram directors and their staff to the trainee and his needs. 
Improvement through change can occur only when there 
is a persistent quest for perfection. 

What goals should our surgical community have? Te 
place a limit on the number of new surgeons to be trained 
each year is difficult. I am sure some attempt will be made 
to do this, especially when a new Medical Practice Act is 
passed by Congress. Within reason, the law of supply and 
demand will dictate not only the number of applicants but 
the number of trainees produced by the various training 
programs in North America. This presupposes that some 
better form of quality control will be introduced. As long 
as residency training programs exist that place the conve- 
nience of the attending staff above the educational goals 
of the training program, there will always be too many 
poorly trained surgeons. There is little or no room at the 
bottom of the surgical world; there is always room at the 
top. 

The goal of quality may be stated as follows: to main- 
tain a quest for excellence in surgery. This short and 
perhaps naive statement is meant to encompass not only 
surgical education but also patient care and research. Sur- 
gical education is a process of constant reevaluation, 
change, and innovation. Surgical education oecurs most 
properly at the bedside and in the operating room. The 
conference table and the laboratory have additional im- 
portant roles in the education of the surgeon. Quality and 
its impact on the surgical world are directly proportional 
to the effort, understanding, and guidance set forth by the 
teacher. It is true that the surgical mentor must earn his 
respect by example; he cannot command respect by virtue 
of achieving a position. 

The responsibility of the surgical teacher in research is 
a subject that continues to be debated. There is no ques- 
tion that without surgical research the quality of surgical 
care would rapidly decline. On the other hand, the insis- 
tence that every surgical educator be a trained biochemist, 
physiologist, or immunologist is an idealist’s fantasy. An 
able, thoughtful clinical surgeon should not feel inade- 
quate because he is not also a’ basic scientist. The disci- 
pline of surgery is every bit as demanding, both intellec- 
tually and physically, as any basic science specialty. To 
believe that all clinical teachers of surgery should main- 
tain excellence in basic research as well as clinical surgery 
is illusory. 

Progress in surgery is largely made by the clinical sur- 
geon attuned to the laboratory. Knowledge of investiga- 
tive technique is an important part of the surgeon’s edu- 
cation and should be included in all postgraduate training 
programs. Clinical problems are taken to the laboratory 
where applied laboratory and clinical research are done. 
The expertise of the basic scientist is utilized where it is 
necessary, and in this way the slow march toward perfec- 
tion continues in an orderly and harmonious manner. 
There are, of course, occasional, notable exceptions. These 
people may work on basic science investigative endeavors 
and at the same time maintain excellence in quality of 
clinical care. They are exceptional, and we should not try 
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| gh onic basic scientists out of every clinical surgeon. 
* The amount of material that must be learned by the 
a general surgical trainee and, thus, the exposure to clinical 
oe _ problems, has increased remarkably in the past ten years. 
EA The new vistas of immunology, computer monitoring, and 
-sophisticated diagnostic procedures, such as selective arte- 
E _riography, should be in the armamentarium of all general 
n surgeons. Four years of training is not enough time to 
_ produce the mature, well-trained general surgeon. Five 
K _ years allows for an opportunity to develop the clinical acu- 
E men with the associated fund of knowledge and technical 
-skills necessary to be at the top of the surgical community. 
$ a FBharteuts i in this time will eventually relegate the general 
surgical residency to a secondary role and thus potentiate 
Sh eaagieni Continuous reassessment, change, and inno- 
vation are paramount in surgical education. They keep the 
E escher abreast of the rapidly developing changes in the 
E science of surgery. 
= What then should our actions be? While it could be ar- 
aOR g ed that the American Board of Surgery is not an ade- 
f quate te standard to judge quality of education, I maintain 
_ that it is. The American Board of Surgery has 37 years of 
E thoughtful experience evaluating the products of surgical 
E “training programs and should set the standard. 
_ I would propose that we trim the number of general sur- 
Ee ical residencies in the United States by insisting on high 
Equality of education. If the graduates of a program have a 
X aie rate of 10% or more on the American Board of Sur- 
_ gery examination, this should be grounds for probation. If 
the dalir rate does not fall below 10% in the subsequent 
year the training program should be discontinued. While 
this is a hard line, it is fair as it uses an impartial group to 
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judge the quality of education. It allows for the occasional — 
lapse by the examinee and yet holds for a high standard. 

This would solve the problem of the foreign medical 
graduate, which is not his problem; it is the problem of our 
educational system! It would not stifle program directors 
by making every program alike with everyone doing the 
same thing at the same time, as in a production line. It 
hopefully would force university centers to participate in 
and be more helpful in the nonaffiliated residency pro- 
grams. The broad resources of a medical school cannot be 
anything but helpful to a training program. The consoli- 
dation of residency training, better utilization of mate- 
rial, methods, and research personnel would add mate- 
rially to our ability to train the highest type surgeon. It 
would allow for individual innovation and freedom. 

I have taken a rather hard and critical look at our sys- 
tem of surgical education. Realizing that vast and intri- 
cate changes are not appealing, I have attempted to out- 
line one simple but hopefully inportant change that if 
implemented should materially increase the quality of sur- 
gical education. 

Dr. Altemeier, in his presidential address to this Associ- 
ation, emphasized that the surgical conscience has served 
as a compass.” Hopefully some of the thoughts reflected in 
this discussion will serve to change our direction, a direc- 
tion that will bring about change and improvement in our 
methods of surgical education. 


References 
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Gastrin Determinations in 


Symptomatic Patients Before and After 


Standard Ulcer Operations 


John F. Stremple, MD, Dan W. Elliott, MD 


Whereas 67 patients with duodenal ulcer had fasting and 30- 
minute postprandial mean serum gastrin levels not substantially 
different from 32 normal subjects, they had substantially higher 
fasting and histamine-stimulated gastric acid secretion. The in- 
creased acid secretion found in patients with duodenal ulcer is 
not caused by increased serum gastrin levels. Ten patients with 
recurrent ulcer, after incomplete vagotomy and gastric resec- 
tion, had high gastric acid secretion and normal serum gastrin 
levels. Three patients with recurrent ulcer following complete va- 
gotomy and gastric resection, but with retained antrum, had both 
high gastric acid secretion and high fasting and postprandial se- 
rum gastrin levels. Three patients with Zollinger-Ellison tumors 
had even higher basal acid outputs and serum gastrin levels. 
The combination of basic gastric acid secretory studies and se- 
rum gastrin determinations may identify three causes of recur- 
rent ulcer: incomplete vagotomy, retained antrum, and Zollinger- 


Ellison tumor. 


he purpose of this investigation is to compare gas- 
tric acid secretion and serum gastrin levels in a wide 
variety of clinical conditions. Eight years have been re- 
quired to gather enough data on patients who have had 
both serum gastrin and gastric acid determinations. These 
data now appear adequate to permit study and inter- 
pretation of serum gastrin and acid output in nonulcer pa- 
tients as well as in those with peptic ulcer, previous gas- 
tric operations, and recurrent ulcer. Proper interpretation 
of gastric acid and serum gastrin determinations may 
separate problem patients with recurrent ulcer due to in- 
complete vagotomy or retained antrum from rare endo- 
crinopathies. This may then allow selection of the proper 
secondary operation for cure of recurrent ulcer. 


METHOD 


, ‘This is a prospective study of 314 patients: 157 nonulcer patients 


and 157 patients with either primary or recurrent ulcer. The 157 
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nonulcer patients included 32 normal subjects and 125 patients 
with clinical conditions, without peptic ulcer, that have been asso- 
ciated with changes in serum gastrin levels: 55 with gastritis' and 
41 with reflux esophagitis? whose diagnoses were established by 
endoscopic examinations; six who were anephric’; five with short 
gut syndrome‘; 17 with primary hyperparathyroidism’; and one 
who had both hyperparathyroidism and a gastrin-producing ade- 
noma.” 

The ulcer group included 89 patients with primary peptic ulcer 
(67 with duodenal ulcer and 22 with gastric ulcer); 44 patients who 
had had various procedures for duodenal ulcer without recurrent 
ulcer (nine postoperative vagotomy and pyloroplasty; ten vagot- 
omy, gastric resection, and Billroth I gastroduodenostomy; and 25 
vagotomy, gastric resection, and Billroth II gastrojejunostomy); 
and 24 patients who had had gastric resection and gastrojejunos- 
tomy for duodenal ulcer and symptomatic recurrent marginal ul- 
cer (eight had proven recurrent ulcer by endoscopic examination 
after gastrojejunostomy and complete vagotomy proved by insu- 
lin stimulation; ten had recurrent ulcer, but had an incomplete va- 
gotomy proved by insulin stimulation; three with recurrent ulcer 
had retained antrum proved by roentgenogram or scanning and 
by operation; and three with recurrent ulcer were proved to have 
Zollinger-Ellison syndrome). 

Fasting, histamine-stimulated, and postprandial serum gastrin 
levels were determined by a standard radioimmunoassay proce- 
dure. Postprandial serum gastrin determinations were done at 30 
minutes after a meal. Fasting basal acid output and histamine- 
stimulated gastric acid output (maximum acid output) were deter- 
mined by standard clinical laboratory procedures.’ Gastric juice 
was obtained by a nasogastric tube positioned in the stomach 
using fluoroscopy. Fasting gastric juice was collected for one hour. 
Each patient was then given 15 mg diphenhydramine hydrochlo- 
ride intramuscularly, followed by 0.04 mg/kg body weight hista- 
mine acid phosphate subcutaneously. Gastric juice specimens were 


Gastrin Levels in Nonulcer Conditions 


Conditions 
Normal 
Gastritis 
Esophagitis 
Anephric 


No. of Subjects Gastrin, pg/ml 
45+ 11 
574 
39 = 10 

267 = 133 
176 + 57 
132 = 20 


Short gut 
Hyperparathyroidism 


Hyperparathyroidism 
+ gastrinoma 


Total 


2,035 











a. 
idie d 


a ae a 





Ky 
g 
f 
i 






Post Prandial 


Fig 1.—Fasting and postprandial serum gastrin levels were sim- 
ilar in normal and duodenal ulcer patients, but postprandial se- 
rum gastrin increase was relatively greater in patients with gastric 
ulcer. Histamine-stimulated mean serum gastrin levels were not 
substantially different in these three groups. 


GASTRIN 
pg/ml 
754 Fasting | Post Prandial 
| 30 min 
50 
SSS 
25 S 
SSS 
COMPLETE COMPLETE INCOMPLETE 
NO ULCER 25 + ULCER 8 + ULCER 3 


Fig 3—Serum gastrin levels after resection and Billroth II op- 
eration for duodenal ulcer: complete vs incomplete vagotomy. 
Patients with recurrent ulcer after an incomplete vagotomy had 
normal fasting and postprandial serum gastrin levels. Histamine- 
stimulated serum gastrin values were not substantially different in 
any of these groups. 


collected separately for four consecutive 15-minute periods. Deter- 
minations of total acid output per hour were made from the vol- 
ume and titration with 0.1N sodium hydroxide to pH 7 with a pH 
meter. 

In 275 of the 314 patients, the fasting (159 patients) and hista- 
mine-stimulated (116 patients) serum gastrin levels were com- 
pared te increasing increments in basal and maximum acid output 
without regard to diagnosis. 


RESULTS 
Gastrin in Nonulcer Conditions 


The Table shows the mean fasting serum gastrin values 
for nonulcer patients with a wide variety of conditions in 
whom changes in serum gastrin values have been re- 
ported. as well as 32 normal patients. Neither the fasting 
nor the postprandial gastrin levels in patients with esoph- 
agitis and gastritis differed from those in the normal sub- 
jects. Our experience with both short gut syndrome and 
anephric patients has been that serum gastrin values may 
be variably elevated, but they are not as high as those 
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Fig 2.—Serum gastrin levels after operations for duodenal ul- 
cer without recurrent ulcer. Postprandial serum gastrin level in- 
creased following Billroth | (BI) operation but decreased follow- 
ing Billroth II (BII) operation. Vagotomy and pyloroplasty, V + P. 
Histamine-stimulated mean serum gastrin levels were not sub- 
stantially different after any of the operations. 


GASTRIN 


Post Prandial 
Fasting \ 30 min 





POST-OP 
RESECTED ANTRUM 2 


PRE-OP 
NO ANTRUM 8 + ANTRUM 3 


Fig 4.—Serum gastrin levels with recurrent ulcer and retained 
antrum. Patients with retained antrum had elevated mean fasting 
and postprandial serum gastrin levels, in contrast to normal se- 
rum gastrin levels in patients with incomplete vagotomy. 


found in the usual patient with Zollinger-Ellison syn- 
drome. 


Gastric Acid and Serum Gastrin 


In Normal Subjects and Patients With Primary Peptic Ul- 
cer.—There was no substantial difference in the basal or 
maximum acid output between normal subjects and those 
with gastric ulcer (normal: basal acid output, 2.2 + 0.4 
mEq/hr; maximum acid output, 16.8 + 2.4 mEq/hr; gastric 
ulcer: basal acid output, 2.1 + 0.8 mEq/hr; maximum acid 
output, 19.5 + 2.4 mEq/hr). Compared to the normal and ° e 
gastric ulcer patients, those with duodenal ulcers had 
markedly elevated mean basal and maximum acid outputs 
(basal acid output, 5.2 + 0.9 mEq/hr; maximum acid out- 
put, 34.1 + 3.0 mEgq/hr). 

Normal subjects had a fasting mean serum gastrin level 
of 45 +11 pg/ml that increased to 75 + 30 pg/ml pošt- 
prandially (Fig 1). Patients with duodenal ulcer had a 
fasting mean serum gastrin level of 43 + 10 pg/ml that 
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increased to 77+41 pg/ml postprandially (Fig 1). Post- 
prandial mean serum gastrin values were not substan- 
tially different between any of these groups, although 
there was a rise from the fasting serum gastrin level in 
each. The relatively highest increase in the postprandial 
serum gastrin level was in those patients with gastric ul- 
cer (from a fasting level of 29+ 19 pg/ml to a postprandial 
level of 73 +26 pg/ml) (Fig 1). Histamine-stimulated 
mean serum gastrin values were not substantially differ- 
ent in the normal, gastric ulcer, or duodenal ulcer groups. 

After Operation for Duodenal Ulcer.—No Recurrent Ul- 
cer.—Patients who had vagotomy and Billroth I or Billroth 
II operations had lower basal and maximum acid output 
values postoperatively than normal subjects (vagotomy 
and Billroth I: basal acid output, 1.0 + 0.4 mEq/hr; max- 
imum acid output, 7.0 + 2.3 mEq/hr; vagotomy and Bill- 
roth II: basal acid output, 1.0 + 0.8 mEq/hr; maximum acid 
output, 7.5 + 2.2 mEq/hr). 

Patients who had vagotomy and a Billroth I operation 
had a postoperative fasting mean serum gastrin level of 
36+ 29 pg/ml and a postprandial mean serum gastrin level 
that increased to 76 + 37 pg/ml (Fig 2). In contrast, pa- 
tients who had vagotomy and a Billroth II operation had 
an elevated fasting mean serum gastrin level of 68+19 
pg/ml that decreased postprandially to 44+ 22 pg/ml (Fig 
2). Histamine-stimulated mean serum gastrin values were 
not substantially different after any of the operations. 

Incomplete Vagotomy With or Without Recurrent Ul- 
cer.—Twenty-five patients with complete vagotomy and 
no recurrent ulcer were compared to eight patients with 
complete vagotomy who had recurrent ulcer of unknown 
cause and with ten patients with incomplete vagotomy 
and recurrent ulcer. Patients with complete vagotomy and 
recurrent ulcer of unknown cause had a basal acid output 
of 0.8+0.4 mEq/hr and a. maximum acid output of 
5.0 + 1.6 mEq/hr. Patients who had recurrent ulcer with 
incomplete vagotomy had a mean basal acid output of 
2.8+1.0 mEq/hr and a maximum acid output of 16.2 + 2.0 
mEq/hr. The latter values were not substantially differ- 
ent than those found in normal subject who had no previ- 
ous gastric operation. 

Patients with complete vagotomy and recurrent ulcer 
had a fasting mean serum gastrin level of 54 + 16 pg/ml 
and a postprandial mean serum gastrin level of 40 + 20 
pg/ml (Fig 3). Three patients who were proved to have in- 
complete vagotomy and recurrent ulcer had a fasting 
mean serum gastrin level of 50+16 pg/ml and a post- 
prandial mean serum gastrin level of 30 + 12 pg/ml (Fig 
3). Patients with recurrent ulcer of unknown cause and 
those with incomplete vagotomy had normal serum gastrin 


e levels, although those with incomplete vagotomy had 


elevated gastric acid output. Therefore, the elevated acid 
levels in the latter group were related to the incomplete 
vagotomy and not to antral gastrin hypersecretion. 
Histamine-stimulated serum gastrin values were not 
substantially different in any of these groups. 

Incomplete Vagotomy With Recurrent Ulcer and Re- 
tained Antrum.—Eight patients with recurrent ulcer but 
nd retained antrum were compared to three patients with 
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retained antrum (Fig 4). Two of the latter patients had a 


studies following removal of the retained antrum. Mean 
basal and maximum acid output in patients with recur- 


rent ulcer and retained antrum were markedly elevated E 


compared to those patients in whom no cause for the re- 
current ulcer could be determined. Patients with retained 


antrum had a preoperative mean basal acid output of — 
15 +7 mEq/hr and a mean maximum acid output of ` 
21+10 mEq/hr. Postoperatively, both basal and max- 


imum acid output decreased substantially. 
Preoperatively, the mean serum gastrin level was mark- 


edly elevated in the three patients with recurrent ulcer 


and retained antrum. These patients had a fasting mean 
serum gastrin level of 100 + 16 pg/ml with a postprandial 
increase to a mean of 180 + 33 pg/ml (Fig 4). After resec- 
tion of the retained antrum, basal and maximum acid out- 
put and fasting and postprandial serum gastrin levels 
dropped to below normal. Therefore, elevated acid secre- 
tion with retained antrum is related to antral gastrin hy- 


persecretion. Fasting and postprandial serum gastrin lev- _ 


els in patients with recurrent ulcer and retained antrum 
were substantially higher than in patients with recurrent 
ulcer and incomplete vagotomy, although gastric acid ley- 
els were increased in both groups. Elevated serum gastrin 
levels differentiate those patients with retained antrum 
from those with incomplete vagotomy and normal serum 
gastrin levels as the cause of recurrent ulcer. 


Zollinger-Ellison Syndrome and Recurrent Ulcer 


Three patients with recurrent ulcer had proved Zol- — i 


linger-Ellison syndrome. All had a basal acid output of 
greater than 15 mEq/hr, including one patient who had a 
basal acid output of 51 mEq/hr. The fasting mean serum 
gastrin level was 2,293 + 440 pg/ml. 


Serum Gastrin Levels and Maximum and 
Basal Acid Output Regardless of Diagnosis 


The fasting mean serum gastrin level remained the 
same (48 + 12 pg/ml) as the basal acid output increased 
from 0 to 3.9 mEq/hr (Fig 5). Those patients with a basal 
acid output greater than 4.0 mEq/hr had a slightly higher 
fasting mean serum gastrin level (51 + 13 pg/ml). There 
were no substantial differences in fasting mean serum 
gastrin levels between any of the increasing increments 
in basal acid output. The mean serum gastrin level re- 
mained at 32.8 + 8 pg/ml as the maximum acid output in- 
creased from 0 to 19.9 mEq/hr (Fig 6). The mean serum 
gastrin level with a maximum acid output greater than 20 
mEq/hr was higher at 52 + 13 pg/ml. There was an in- 
creasing mean serum gastrin level with increasing max- 
imum acid output and, therefore, a direct relation be- 
tween the serum gastrin level and the histamine- 
stimulated gastric acid secretion rate (Fig 6). 


COMMENT 


The usefulness of the application of gastric acid secre- 
tory tests to clinical problems has been limited by the 
overlap in the gastric acid secretion values in patients 
with usual as well as complicated gastrointestinal tract 
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Fig 5.—Serum gastrin levels with increasing fasting gastric acid 
output. Serum gastrin level did not change substantially with in- 
creasing increments in fasting acid output. 
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Fig 6.—Serum gastrin levels with increasing histamine-stimu- 
lated gastric acid output. Serum gastrin level increased with in- 
creasing increments in histamine-stimulated acid output. 


disease compared with normal subjects.’ The usefulness 
of serum gastrin determinations in clinical surgery has 
also been limited by a lack of base line data in enough pa- 
tients with a variety of gastrointestinal tract diseases. 
This study shows that basic gastric acid secretory studies,’ 
in combination with serum gastrin determinations, can be 
of diagnostic help in some instances. 

There are several conditions that have been associated 
with elevated serum gastrin levels. The most common 
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cause of markedly elevated serum gastrin levels is gastri- 
noma of the pancreas.®*® These patients usually are ad- 
mitted with chronic duodenal ulcer and marked gastric 
acid hypersecretion.” Since the correct diagnosis of Zol- 
linger-Ellison syndrome is not ascertained at the time of 
primary operation for peptic ulcer in 60%, patients with 
Zollinger-Ellison syndrome frequently are admitted with 
recurrent ulcer.’ 

Patients with recurrent ulcer due to incomplete vagot- 
omy after resection and a Billroth II operation have 
increased fasting and histamine-stimulated gastric acid 
levels compared to patients with complete vagotomy, re- 
section, and Billroth II operation, but both groups have 
normal serum gastrin levels. Patients with recurrent ulcer 
due to excluded antrum had both high fasting and hista- 
mine-stimulated gastric acid and serum gastrin levels. Pa- 
tients with incomplete vagotomy or retained antrum may 
also be differentiated from those with Zollinger-Ellison 
syndrome. Serum gastrin values were not as high in either 
of the former groups as the marked hypergastrinemia 
usually associated with the Zollinger-Ellison syndrome. 
Furthermore, there was a substantial postprandial in- 
crease in serum gastrin values with recurrent ulcer and 
retained antrum, whereas patients with Zollinger-Ellison 
syndrome did not have a postprandial increase in serum 
gastrin values. In addition, Korman and associates” 
have shown that secretin causes a decrease in serum gas- 
trin values with excluded antrum, whereas serum gastrin 
values increase with the Zollinger-Ellison syndrome. 

Postprandial serum gastrin values increased after va- 
gotomy and Billroth I operations without recurrent ulcer 
as in normal subjeets, but decreased after vagotomy and 
Billroth II operations without recurrent ulcer. This was 
probably due to the stimulation of duodenal release of 
gastrin after vagotomy and Billroth I gastroduodenos- 
tomy." 

We have previously reported a patient with primary hy- 
perparathyroidism and a greatly elevated serum gastrin 
level. This patient was found to have a gastrin-producing 
tumor of the parathyroid gland.’ After removal of the par- 
athyroid gastrinoma, the serum gastrin level dropped to 
normal. Primary hyperparathyroidism may be associated 
with either slightly or greatly elevated serum gastrin lev- 
els. The gastrin may be coming from the adenoma or the 
gastrointestinal tract mucosa or both. Gastrin levels re- 
turn to normal after excision of the adenoma. Further 
measurements of gastrin values in parathyroid adenomas 
are needed. 

Gastric acid secretory tests can rule out other clinical 
conditions associated with elevated serum gastrin levels. 
Patients have hypergastrinemia, but low or no gastric 
acid output in pernicious anemia and atrophic gastritis." 

Patients with gastric outlet obstruction may also have 
increased serum gastrin levels. These patients may be 
distinguished from patients with Zollinger-Ellison syn- 
drome by the decrease in serum gastrin levels with re- 
peated gastrin measurements after nasogastric suction 
and gastric decompression. 

The results of our secretory studies confirm that gastrie 
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acid hypersecretion has a prominent role in the pathogen- 
esis of duodenal ulcer. The 30-minute postprandial in- 
crease in serum gastrin levels in patients with usual pep- 
tic duodenal ulcer was not different than that found in 
normal subjects, in contrast to reports of others. '**° 
Therefore, we found no evidence that increased serum 
gastrin concentration, determined either fasting or 30 
minutes postprandially, was important in the pathogen- 
esis of duodenal ulcer as reported by Skillman.” 

Fasting serum gastrin values were not found increased 
in gastric ulcer in our study as has been reported by 
Trudeau and McGuigan.” Our finding seems contradictory 
to the hypothesis by Dragstedt and associates” that gas- 
tric ulcers develop because of stasis in the stomach that 
results in hypersecretion of antral gastrin. However, the 





relatively greater postprandial increase in serum gastrin _ 


levels in patients with gastric ulcer as compared to normal 
subjects and patients with duodenal ulcer may be of sig- 
nificance. Although the actual postprandial mean serum 
gastrin levels were not different, the relatively greater 
postprandial increase of serum gastrin from the fasting 
level in patients with gastric ulcer may be significant. 
Mean gastric acid secretion was not different between 
those with gastric ulcer and normal subjects. 

We did not find the reported inverse relation between 
gastric acid secretion and serum gastrin? We found the 


opposite or direct relation, ie, increasing serum gastrin — 


levels with increasing gastric acid secretion. It does not 
appear that serum gastrin levels alone reflect gastric acid 
feedback inhibition of gastrin. 
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Discussion 


Stuart D. Wixson, MD, Milwaukee: This is an important paper 
and a helpful one for the clinician. We have been bombarded re- 
cently with information about gastrin and its physiology. This pa- 
per focuses on what we can expect from gastrin determinations in 
some clinical situations. 

It is important to keep in mind that while the gastrin concentra- 
tion may be normal in a fasting patient with duodenal ulcer, the 
release of gastrin is a dynamic situation. Acid in contact with the 

antral mucosa will inhibit gastrin release. So, while the fasting 
j gastrin concentration or even the 30-minute postprandial gastrin 
concentration may not be different in the duodenal ulcer patient, 
the duodenal ulcer patient still may have an inappropriately high 
gastrin level, particularly when considering the increased acid 
produced. We should look at both the acid and gastrin responses to 
a meal stimulus to fully understand the acid-gastrin relationships. 
Tlrese studies may show pathologic differences in the duodenal ul- 
cer patient. 

, I was delighted to hear this presentation by Dr. Stremple. I can 
remember more than eight years ago when he was one of Dr. Ed- 
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win H. Ellison’s surgical residents and the excitement when one of 
his chickens was shown to have developed gastrin antibodies. Dr. 
Stremple was one of the first to develop antibodies to synthetic 
human gastrin and I am pleased to see that he is continuing with 
this work. 

Dr. STREMPLE: Dr. Wilson suggested that elevated postprandial 
gastrin levels over a prolonged period of time might be important 
to the cause of duodenal ulcer. Dr. McGuigan has measured serial 
postprandial gastrin levels. In our study, only 30-minute post- 
prandial gastrin measurements were made. McGuigan and Trudeau 
reported that duodenal ulcer patients had serum gastrin levels 
that remained elevated at 45 and 60 minutes postprandially, 
whereas in normal patients serum gastrin levels:decreased toward 
the fasting level by 30 minutes postprandially. It may be that the 
difference in duodenal ulcer is related to a more prolonged release 
of gastrin, as McGuigan and Trudeau have reported. Unfortu- 
nately, we were unable to obtain later serial postprandial serum 
gastrin levels. 
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- Implantable Pacemakers in Children 


_ Barbara S. Czerwinski, RN; George C. Kaiser, MD 


Permanent pacemakers were implanted in 12 children, ages 2 
_ weeks to 6 years. The cause of the arrhythmia was congenital in 
three, postoperative in six, viral in one, and unknown in two. One 
p Operative death occurred on the second postoperative day. Two 






ait _ late deaths were in patients with good cardiac capture in whom 
__ the block followed repair of tetralogy of Fallot. Ventricular ar- 
_ rhythmias were believed to be the cause of death. 

Reoperation was required 37 times: for pacemaker exhaus- 
tion, 17: electrode problems, 15; wound problems, four; and ar- 
rhythmia, one. Nine of 12 patients are alive nine months to ten 
~ years eight months postoperatively. The remaining three sur- 
__-vived for eight to ten years. Frequent reoperation and diligent 
| correction of defective pacing is rewarded with long, active lives 
in children requiring implantable pacemakers. 


eart block, generally associated with degenerative 

disease, is an entity of the elderly that is well man- 

aged with permanent pacemakers.'’’ Implantable pace- 

_ makers are infrequently employed in childhood, but are 

-= occasionally used in the treatment of congenital and post- 
operative heart block.** 


PATIENTS AND METHODS 


From July 6, 1964, to the present we have treated 12 children, 
four girls and eight boys, with bradycardia by permanent pace- 
maker implantation. Their ages at initial implantation ranged 

_ from 15 days to 16 years (Table). 

The eause of the rhythm disturbance was congenital in three 
and acquired in nine; of the latter, six were traumatic (operative). 
The basic rhythm was complete heart block in nine, intermittent 
block in two, and intermittent bradycardia-tachycardia with vari- 
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able block in one child; this following repair of transposition of the 
great vessels, and atrial and ventricular septal defects (VSD) 
(Table). 

All but one patient with a nonoperative cause of arrhythmia ex- 
perienced syncope as the indication for pacing. The exception was 
a 15-day-old infant with congenital heart block who developed 
poor cardiac output and cyanosis during periods of bradycardia. 
None of the patients with traumatic bradycardia had syncope in 
the interval between surgery and the institution of pacing. 

The technique of initial electrode insertion was transthoracic, 
epicardial in all instances. Two had subsequent permanent trans- 
venous electrodes. Ventricular asynchronous impulse generators 
were initially employed in seven, atrial synchronous in three, and 
demand in two. 

Reoperation has been required 37 times. One patient has re- 
quired 12, another eight, and a third six operations. Thirty-eight 
impulse generators have been used; 12 initially and 17 for impulse 
generator failure. Nine others were changed electively at the time 
of operation for other reasons. 


RESULTS 


All patients have been followed up since implantation 
for an average of 4% years (range, nine months to 11 
years). The one early death occurred in a 15-day-old boy on 
the second postoperative day from low cardiac output. 
There were two sudden late deaths, one in an 11-year-old 
boy five years after initial pacemaker insertion with heart 
block following repair of a right ventricular aneurysm and 
recurrent VSD, and the other in a 17-year-old boy 10% 
years after initiation of pacing for postoperative heart | 
block from repair of tetralogy of Fallot. In both instances, 
the boys had led very active lives and were verified as pac- 
ing well within a few days of death. In both instances, 
postmortem electrocardiograms showed electrically satis- 
factory pacemaker function and in one roentgenogram as- 
sured integrity of the leads. One was known to have fxe- 
quent ventricular arrhythmias. 

Impulse generator failure was the most common indica- 
tion for reoperation. In these 12 patients, a total of 38 i im- 
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Clinical Data 


Patient Date of 
Age Implantation 


51/2 yr 7/6/64 


Rhythm & Heart Block 
Permanent 
Third-degree 
Permanent 
Third-degree 
Permanent 
Third-degree 
Permanent 
Third-degree 
Variable 
Second- & third-degree 
Permanent 
Third-degree 
Permanent 
Third-degree 
Permanent 
Third-degree 
Permanent 
Third-degree 
Bradycardia-tachycardia 


6 yr 7/13/64 
7 yr 8/26/64 


5/6/66 


16 yr 


15 days 6/24/69 


91⁄2 yr® 7/29/70 
1212 yr 8/20/71 
17 mo 4/25/72 
7/10/72 


8/1/72 


6/19/73 Variable 
First- & second-degree 
5/24/74 Permanent 
Third-degree 
* Girls. 
+ Deaths. 


pulse generators were inserted, 30 asynchronous, six atrial 
synchronous, and two demand. The median time of gener- 
ator failure was 29.5 months for asynchronous pacemakers 
and 22.5 months for atrial synchronous pacemakers. Atrial 
synchronous or demand pacemakers were used in those 
patients with variable block. In no patient is atrial syn- 
chronous pacing currently in effect as atrial synchrony has 
failed in all, presumably due to decreased atrial voltage. 
Electrode fracture, the second most common indication 
for reoperation, occurred on 11 occasions in four patients. 
It occurred four times in one patient, three times in an- 
other, and on two occasions in each of the two other pa- 
tients. It has not been shown as a cause of sudden death in 
any of our patients and we have not attempted to limit 
activity. 
Stimulation threshold increase or exit block occurred on 
four occasions in two patients. In both, the myocardial 
electrodes had been inserted into the right ventricle in 
which a ventriculotomy had been done for repair for VSD. 
Both hearts were subsequently well captured by perma- 
enent transvenous electrodes at low thresholds. One of 
* these later had conversion to left ventricular epicardial 
electrodes when the impulse generator was replaced for 
rate change. Positioning of this patient could precipitate 
intermittent cardiac capture. It was noted by roentgen- 
ogram that the electrode had withdrawn slightly from the 
heart, secondary to growth. 
Wound erosion occurred on three occasions and infec- 
tion in one patient required reoperation. Erosion was 
treated by revision of the impulse generator pocket or, as 
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Cause 
Operative 


Operative 
Operative 
Idiopathic 
Congenital 
Operative 
Operative 
Congenital 
Viral'3 


Operative 


Idiopathic 


No. of 
Associated Disease Operations 


Tetralogy of Fallot 4 


Time Paced 
5 yr 1 mot 


Tetralogy of Fallot 10 yr 7 mo 


Tetralogy of Fallot 10 yr 6 mot 


8yr9mo 
2 dayst 


Endocardial 4yr7mo 


cushion defect 
Tetralogy of Fallot 3 yr 6 mo 
2 yr 10 mo 
2 yr 7 mo 
Transposition great 2yr6mo 
vessels, atrial and 
ventricular septal 
defects 

1 yr 8 mo 


Congenital 9 mo 





with the two infected pockets, placement in another loca- 
tion. 


COMMENT 


Impulse generator failure is the most frequent indica- 
tion for pacemaker reoperation. This is principally due to 
battery exhaustion and secondarily to electronic failure.’ 
Our experience confirms that power source failure in chil- 
dren, as in adults, is the most frequent reason for reopera- 
tions.' Impulse generator failure carries with it the theo- 
retical implication of sudden death, but most failures 
occur gradually and are easily detected and corrected by 
appropriate monitoring of patients. Reoperation carries 
with it the practical potential for infection each time the 
pacemaker system is manipulated. Any technique to re- 
duce the number of reoperations should reduce this haz- 
ard. Improved energy sources with greater longevity 
strive toward this end.** Other methods to conserve 
energy have involved decreasing pacemaker output or 
pulse duration. Telephone surveillance systems have ex- 
tended the time conventional power sources can safely 
and effectively be left in place.*° While many of the el- 
derly will not need improved power sources because their 
longevity is influenced by complications of other diseases, 
children should potentially benefit from these improve- 
ments. 

Electrode fracture, the second most common indication 
for reoperation in our children, is observed infrequently in 
adult patients.’ The fact that electrode fracture occurred 
only in the boys suggests that increased physical activity 
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is related. These children engaged in normal, vigorous ac- 


_ tivities limited only be exclusion from organized, competi- 


tive or contact sports. Retroperitoneal pacemaker and 
electrode placement or having the leads exit through the 
diaphragm, to avoid angulation over the ribs or costal 
margin, might be helpful in reducing lead fractures. 

The relatively large pacemaker size has stimulated ef- 
forts in chosing the best location for impulse generator 
placement in the smaller child.*"° In two instances, we 
have resorted to retroperitoneal impulse generator place- 
ment behind the left iliac crest in attempts to avoid skin 
erosion and injury to the electrode. 

The use of atrial synchronous pacemakers in children 
has been advocated by some as the ideal pacing mode.’ 
Our experience is at variance with this. In no instance is 
any patient currently being paced with atrial synchrony. 
All survivors have been converted to fixed-rate pacing for 
lack of atrial synchrony. While the theoretical advantages 
of atrial synchronous pacing have been extensively dis- 
cussed, for practical purposes asynchronous pacing in chil- 


dren has been associated with normal growth and develop- 


ment and has not impaired physical activity. 
Late sudden death occurred in two boys with complete 


heart block following repair of tetralogy of Fallot, five 


and 10% years after institution of pacing. Pacemaker 
function was satisfactory in both by postmortem ECGs. 
The one child had been noted to have episodes of ventricu- 
lar irritability including ventricular tachycardia requiring 
defibrillation beginning nine years after pacing. It is 
notable that late sudden deaths, attributable to arrhyth- 
mias, in otherwise healthy patients following successful 
repair of tetralogy of Fallot have become more widely rec- 
ognized.™? In view of the similarity of the deaths and the 
clinical courses of these two patients, it is highly proba- 
ble that sudden ventricular arrhythmias were the cause of 
death in both instances. 


CONCLUSION 


From this experience it is apparent that asynchronous 
cardiac pacing has been effective in permitting unre- 
stricted activity along with normal growth and develop- 
ment in a group of children. The paced child requires 
vigorous surveillance for generator function and lead con- 
tinuity, but with close attention and repeated adjust- 
ments of the hardware, long-term survival with normal 
growth and development is attainable. Improved gener- 
ator reliability and longevity should strikingly improve 
the course of this group of patients. 
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Discussion 


James W. Kiman, MD, Columbus, Ohio: I would like to con- 


| gratulate the group on bringing to our attention a problem that 
those of us who work in pediatric cardiovascular surgery realize 


exists and yet one we do not think about too often. 
I was asked to discuss this paper and, as a result, looked up our 


own series of pacemakers in children; interestingly enough, we 


have had 12 children requiring pacemakers at the Columbus Chil- 
dren’s Hospital of Ohio State University. 

Our problems have been quite similar to those the group pre- 
sented here. We do not have as good a follow-up, and maybe it in- 
dicates that the children in Columbus are a little more active than 
those in St. Louis, but we have had more wire fractures, and we 
have had five patients die. More and more is being learned about 
the postoperative results of the tetralogy of Fallot and from real- 


izing that these children do die from ventricular arrhythmias that 


occur after repair of the VSD in tetralogy. 

Some good studies in Cincinnati, by Dr. Kaplan and his group, 
have shown that if one does very careful studies the Fallot pa- 
tients have a very high incidence of ventricular arrhythmias. So, I 
think these deaths are probably a combination of failure of the 
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pacemaker systems and the natural history of the disease. 

Our recent indications show that we have not been required to 
put a pacemaker in for an acquired surgical block since 1969, but 
recently we have implanted one for Ebstein anomaly following to- 
tal repair and one in an attempt to improve a block acquired from 
viral myocardiopathy and for congenital block. 

I have two questions I would like to ask the authors: What in- 
formation do they have concerning sensing problems in the long- 
term use of pacemakers? We are running into this more and more 
often in our adult population with long-term use of pacemakers, 
particularly in the postoperative patient who has fibrosis, both” ° 
endocardial and epicardial. 

JoHANN L. EHRENHAFT, MD, Iowa City: I enjoyed Dr. Marco’s 
paper very much. This is a most difficult problem. 

The children who have rhythm disturbances and heart block at 
birth are a really troublesome group of patients. Most get along 
for a while, but some will have some heart failure early. We pees- 
ently have no pacemakers and leads that could be adequately min- 
iaturized for use in infants. The reports of placements of pace- 
makers in infants have been very sporadic. : 
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In the group of children who have atrioventricular dissociations 
following cardiac operations, the incidence is now very low, the 
placement of pacemakers is often very necessary because they do 
not survive prolonged periods of atrioventricular block without 

Stokes-Adams attacks and other problems. 

The real dilemma is which patients to treat with pacemaker im- 
plants; very rigid criteria should be adopted before this group of 
patients is condemned to the lifelong problems of being pace- 
maker-dependent. 

I wish the authors would say more about the make of pacemak- 
ers, the mode of implantation, and the systems used, either stan- 
dard, lithium, or atomic. 

Our experience in about the same number of patients has been 
very difficult due to the frequence of change of the battery packs, 
frequent problems with electrode repair, and breakage and wound 
problems. 

Second, what exact system would they prefer and advise the 
young surgeon to put in today if he is faced with a block after the 
repair of a VSD or tetralogy of Fallot? 

Dr. Kaiser: Dr. Kilman, we have not had too much of a sensing 
problem with demand units in children. We have had problems 
with atrial pacing, and we believe this adds very little long-term, 
as it ceases to function after a period of time. We used atrial syn- 
chronous pacing infrequently. We have seen two instances of so- 
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called entrance block in adults who have failed to sense, and sup- 
press, a demand unit, both with epicardial electrodes. a 

Dr. Ehrenhaft, no patient with congenital heart block has re- _ 
ceived a pacemaker unless he has become symptomatic. With con- _ 
genital heart block we consider symptoms necessary before in- 
serting a pacemaker. The reason most patients with permanent — 
block following operation are not symptomatic is that with per- — 
sistent postoperative block, we do not wait for symptoms to oceur 
before inserting a permanent pacemaker. 

It has been well shown that epicardial electrodes are better. _ 
They maintain a lower threshold for a longer period of time. Cer- 
tainly the required operation, a thoracotomy, is well tolerated in _ 
children. This would be our preference for the lead system. We __ 
have had experience with pacemakers of three or four manufac- _ 
turers and usually employ asynchronous and, more rarely, demand 
pacemakers. 

There are techniques currently available to increase the life of 
the standard power source, such as reducing the pulse width, or _ 
the output of the pacemaker. We have had no experience with lith- s 
ium batteries, but plan to insert atomic units, particularly in this 
group of patients who have potential for such long lives. This is ki 
one aspect which should be most helpful in the future manage- — 
ment of these patients. . 
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An attempt was made to isolate and purity the important bio- 


-logical mediators that cause an increase in proliferative activity 


of fibroblasts following tissue injury. DNA synthesis and cellular 


_ growth, using cultured WI-38 fibroblasts, and DNA synthesis in 


an in vitro assay, using purified DNA polymerase, were stimu- 
lated by factors extracted from the lysosomal-mitochondrial frac- 
tion of normal guinea pig liver. These factors precipitated in 45% 
to 60% ethanol. They were insensitive to treatment with RNase, 
DNase and heating to 56 C for 30 minutes, but were inactivated 


_ at 100 C. Isoelectric focusing of the active ethanol-precipitate re- 


solved activity into five discrete fractions, one of which has been 
purified, using ion-exchange chromatography. The presence of 
these factors in normal tissue may explain the increase in prolif- 
erative activity of fibroblasts and other cells in the early stages of 
wound healing, via release caused by injury. 


T 1892, Wiesner first proposed that substances capable 
of stimulating cells to divide might be liberated from 
injured cells. Since then, almost every type of extract has 
been applied to wounds in an attempt to increase their 
rate of healing. The literature is replete with reports of 
both positive and negative results.’* These reports have 
provided a stimulus for further investigation. 

A factor, or factors, capable of stimulating the out- 
growth of fibroblasts from explants in vitro, and capable 


_ of producing an in vivo inflammatory response, has been 


previously reported by this laboratory.‘ The activity was 
found to be present in a crude lysosomal-mitochondrial ex- 
tract of guinea pig neutrophils, healing wound tissue, and 


= liver. Additional studies reported herein have shown that 
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Isolation and Purification of Mediators 
of Cell Proliferation 


Thomas A. Kunkel, MS; Ralph R. Meyer, MS, PhD; J. Wesley Alexander, MD, ScD 


the stimulatory activity from guinea pig liver can be re- 
solved into a number of individual factors, and one of 
these has been partially purified. 


MATERIALS AND METHODS 
isolation Procedures 


Isolation of factors from normal, young adult guinea pig livers 
as previously described‘ yields a crude soluble lysosomal-mito- 
chondrial fraction (fraction I), with the bulk of activity precipi- 
tating in 45% to 60% cold ethanol (fraction II). Fraction II was dis- 
solved and dialyzed against 0.01M sodium chloride (NaCl) in 
TMEG buffer (0.02M tromethamine [Tris hydrochloride], pH 8.0; 
0.005M 2-mercaptoethanol; 0.001M ethylenediaminetetracetic acid 
[EDTA], 10% [W/V] glycerin): it was then loaded onto a 4.9-sq 
em X25-em column of diethylaminoethyl (DEAE)-Sephadex A50 
equilibrated with 0.01M NaCl in TMEG. The activity that did not 
bind to the column (fraction III) was used for further purification. 
Fraction III was dialyzed against 0.25M NaCl in AMEG buffer 
(0.02M sodium acetate, pH 5.0; 0.005M 2-mercaptoethanol; 0.001M 
EDTA; 10% [W/V] glycerin), and loaded onto a 1.75-sq em Xx 20-em 
column of carboxymethyl (CM)-Sephadex C50 equilibrated in the 
same buffer. Activity was eluted as three separate and reproduc- 
ible peaks using a 300-ml linear gradient from 0.25M to 1.0M NaCl 
in AMEG buffer. The peaks eluted at molarities of 0.27M, 0.43M 
and 0.55M NaCl. The 0.55M peak (fraction IV) was dialyzed 
against 1% glycine and focused on a 110-ml electrofocusing col- 
umn (2.5% amphoteric electrolytes) for 36 hours in a pH gradient 
from 5.0 to 8.0. The greatest amount of activity focused at an iso- 
electric pH (pI) of 6.6 at 4 C (fraction V). On electrophoresis in 
7.5% polyacrylamide gel under nondenaturing conditions, fraction 
V gave four stainable bands. Figure 1 shows a flow chart for 
purification of this factor. 


Activation of in Vitro DNA Synthesis 


The effect of these factors on in vitro DNA synthesis, using 
DNA polymerase, was determined as follows: Assays were carried 
out using a 125yl reaction mixture containing 0.025M trometha- 
mine, pH 8.0; 0.005M 2-mercaptoethanol; 0.0005M EDTA; 0.01M 
magnesium chloride (MgCl,); 0.015 millimolar each of deoxyadeno- 
sine-5’-triphosphate (dATP), deoxycytidine-5’-triphosphate 
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Fig 1.—General scheme for steps employed in purification of 
factors from normal guinea pig liver tissue; p |, isoelectric pH ob- 
tained for protein being electrofocused. 


(dCTP), deoxyguanosine-5’-triphosphate (dGTP), and tritiated- 
deoxythymidine-5’-triphosphate (tritiated-dTTP) (specific activity 
825 millicuries/millimol), 15% (W/V) glycerin, 100ug/ml activated 
calf thymus DNA (rendered 20% acid-soluble by DNase I treat- 
ment as described by Loeb’), and 25ul of Novikoff DNA polym- 
erase-(3, isolated by the method of Probst et al. The reaction mix- 
tures were incubated for one hour at 37 C, and incorporation of 
tritiated-dTMP into trichloroacetic acid insoluble material on fil- 
ter paper disks was determined as described by Meyer and Kel- 
ler.’ For a more complete description of the assay method and en- 
zyme used, see Probst et al.* 


Activation of Thymidine Incorporation 
by Cultured Fibroblasts 


WI-38 human embryonic lung fibroblasts were grown to con- 
fluency in Eagles minimal essential medium, supplemented with 
° *0.29 mg/ml glutamine, 75yg/ml tylosin, 100 units/ml penicillin, 
100ug/ml streptomycin, 2.5ug/ml amphotericin B (Fungizone), 
and 10% calf serum (CS). At confluency, the cells were subcultured 
and added to 35-mm diameter culture dishes at a concentration of 
1.5 x 10° cells per dish. After 24 hours of incubation at 37 C, the old 
medium was removed and 2 ml per dish of fresh medium contain- 
ing 4% CS was added. Twenty-four hours later these dishes were 
used for assays. 
, Assays were performed by adding 1 microcurie/ml methyl 
tritiated thymidine (18 curies/millimol) to these cultures. After in- 
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cubation for 24 hours, the radioactive medium was removed, and — A & 

the cultures were washed three times with 2 ml cold Hanks bal- 
anced salt solution. Cells were trypsinized, resuspended, and 200l Fe 
aliquots of each suspension were spotted onto filter paper disks, 
which were processed for liquid scintillation counting. Incorpora- 
tion of label into trichloroacetic acid insoluble product was de- 
termined as described by Meyer and Keller.’ Replicate cultures __ 
typically showed a 5% to 15% variation in cell number and incorpo- 
rated label per plate. Each assay was performed using several _ 
concentrations of fractions tested to determine the optimum stim- 
ulation. “a 










Chemical Nature of the Factor 


Small aliquots of fraction II were incubated for 30 minutes at 37 H z 
C in the presence of RNase A or DNase I, and then assayed for 
ability to stimulate tritiated thymidine incorporation by cultured 
cells, as described above. Other aliquots of fraction II were in- _ E- 
cubated at 56 or 100 C for 30 minutes and assayed for triti- i a 
ated-thymidine incorporation with cultured cells and with DNA 
polymerase. sf 


RESULTS 


We previously reported stimulation of outgrowth of f- S 
broblasts from guinea pig tissue explants, using a fraction i E 
obtained by cold ethanol precipitation of a crude lysoso- io em 
mal-mitochondrial extract of guinea pig livers.‘ This frac- oa 
tion (fraction II) has now been found to have the ability to — d : 
stimulate DNA synthesis both in tissue culture, using WE 
38 human embryonic lung fibroblasts, and in vitro, using 
purified DNA polymerase. The degree of stimulation is 
shown in the Table. Incorporation of tritiated-dTMP into 
acid-insoluble material, using untreated fraction II, re- 
sulted in a 2'2-fold increase in activity using either assay _ 
method. In the tissue culture assay, this activity remained _ 
unaffected by treatment with either RNase or DNase. — 
Stimulatory activity remained in both assay methods af- 
ter treatment of fraction II for 30 minutes at 56 C, but 
was inactivated at 100 C. The activity was nondialyzable 
and gave a positive Folin reaction, indicative of protein. 

In addition to the ability to affect DNA synthesis, frac- 
tion II had the ability to stimulate growth of WI-38 fibro- __ 
blasts. When the number of cells was counted at the end 
of four days of incubation in the presence of the optimal — 
concentration of fraction II (in medium supplemented 
with 4% CS), there was a 50% to 100% increase in cell num- 
ber over the control culture in which saline replaced frac- 
tion II. f, 

Previous results indicated the possibility that more than 
one factor was involved in stimulation of outgrowth of fi- 
broblasts from explants. Since ethanol precipitation re- 
sults in a crude mixture of molecules, a further attempt 
was made to purify the activity found in fraction II. Fig- _ 
ure 2 shows the activity profile obtained when the 45% to — aa 
60% ethanol-precipitated fraction (25 mg) was subjected 
to isoelectric focusing in a pH gradient from 5.0 to 8.0. 
Each 3-ml fraction was dialyzed against 0.01M NaCl in 
TMEG (pH 8.0) before assay to eliminate any effect of pH. 
Multiple peaks of activity were reproducibly obtained 
when the various fractions were assayed using purified 
DNA polymerase. In Fig 2, base level activity for the 
DNA polymerase was approximately 2,300 counts per min- 
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: Fig 2.—Electrofocusing profile of fraction Il. Circles represent 
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~ ute. These peaks of activity were also tested in tissue cul- 
4 _ ture, and all resulted in stimulation of fibroblasts to in- 
= corporate tritiated-dTMP. Five peaks of activity were 
a ~ consistently obtained at the following pH values at 4 C: 
7.5 to 7.7; 6.8 to 7.1; 6.4 to 6.6; 5.7 to 5.9; and 5.3 to 5.5. The 
=~ range for each peak represents values obtained from five 
separate experiments. The results suggest that activation 
_ of fibroblasts by fraction II is much more complex than 
= originally anticipated. 
= Figure 1 depicts the initial attempts at separation and 
= purification of these multiple peaks of activity. Fraction II 
was first chromatographed on DEAE-Sephadex A50, as 
described in “Materials and Methods.” Resolution of activ- 
ity immediately began at this step, as activity was found 
that did not bind to the column (fraction III), and activity 
= was also found that eluted as a broad peak between 0.20 
= and 0.50M NaCl. This latter active fraction has yet to 
= be further examined. Fraction III was then chromato- 
-~ graphed on CM-Sephadex C50, and the elution profile is 
_ shown in Fig 3. Three peaks of activity were consistently 
= observed, eluting at 0.27M, 0.43M, and 0.55M NaCl (frac- 
i tion IV), respectively. Other minor peaks (above fraction 
_ 40, Fig 3) were not consistently found and are believed to 
= be artifacts. When fraction IV was focused in an isoelec- 
= tric fecusing column, in a pH gradient from 5.0 to 8.0 (Fig 
_ 4), the activity was observed at a pH value of 6.6, corre- 
= sponding to one of the peaks seen earlier (Fig 2). When 
run in a polyacrylamide gel under nondenaturing condi- 
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Fig 3.—CM-Sephadex elution profile. Circles represent triti- 
ated-dTMP incorporated; triangles represent NaCl concentration. 
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Fig 4.—Electrofocusing profile of fraction IV. Circles represent 
tritiated-dTMP incorporated; triangles represent pH. Horizontal 
axis represents fraction number. 


tions, this peak fraction showed four stainable bands. In 
addition to its effect in stimulating DNA synthesis using 
purified DNA polymerase, this fraction also stimulated 
WI-38 fibroblasts to grow and increase synthesis of DNA 
similar to fraction II. In three separate experiments, incu- 
bation of fibroblasts for four days in the presence of this 
factor, in medium supplemented with 4% CS, resulted in a 
50% increase in cell number over a control culture in which 
saline replaced the factor. In addition, when assayed in 
tissue culture as described in “Materials and Methods,” in- 
corporation of tritiated-dTMP was increased by 50% to 
100%. 


COMMENT 


Although there are numerous reports of the effects of ° * 
hormones and stimulating substances on healing wounds, 
there has been little insight into the mechanisms of con- 
trol involved in tissue repair. Our present understanding 
of the events occurring in a healing wound, recently re- 
viewed by Dunphy‘ and Peacock,’ remains in a descriptjve 
phase. The present study represents an attempt to bio- 
chemically investigate two of the major factors involved 
in wound healing, that is, DNA replication and fibroblast 
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proliferation. Our aim is to elucidate events of tissue re- 
pair on a molecular basis. 

We previously reported the existence of biochemical me- 
diators of cellular proliferation in crude extracts of neu- 
trophils, healing abdominal wounds, and livers of normal 
guinea pigs.‘ Due to abundant supply and ease of prepara- 
tion, we have chosen liver tissue as a source of material 
for further investigation. The results presented here dem- 
onstrate the existence of numerous factors involved in 
stimulation of DNA polymerase activity and stimulation 
of growth and DNA synthesis in cultured fibroblasts. 
Electrofocusing studies of fraction II indicated that the 
situation is more complex than originally anticipated, as 
multiple peaks of activity were found. However, the exis- 
tence of multiple factors affecting in vitro DNA synthesis 
is not without precedent, and has been described for other 
systems.* Substances from cell-conditioned medium and 
serum,'' as well as other sources,'?’ stimulate cultured 
cells to synthesize DNA and grow at accelerated rates. 


The second, or proliferative, stage of wound healing is 


"é 


characterized by the appearance and marked increase in 


proliferation of fibroblasts. Although the identity and 
mode of action of the factors described in this study are at 
present unknown, it is conceivable that they act at this — 


stage of tissue repair, provided their effect in vivo is the 
same as determined by our assay methods. 

There is evidence suggesting that events occurring dur- 
ing wound healing may be correlated with release of me- 
diators from normal cells as a direct result of injury, as 


s 


well as from dying neutrophils or other cells sequestered E 


in injured tissues.*:° One current theory supported by 
suggestive evidence™+178 is that these substances are lo- 
calized in the lysosomes. 


Nonproprietary Name and 
Trademark of Drug 


Amphotericin B—Fungizone. 
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- Dumbbell Neuroblastomas in Children 


= Denis King, MD; Joseph Goodman, MD; Thomas Hawk, MD; 
E. Thomas Boles, Jr., MD; Martin P. Sayers, MD 


A “dumbbell” neuroblastoma is a malignant neoplasm usually 
primary in the mediastinum or retroperitoneum with posterior ex- 
tension through an intervertebral foramen to additional tumor 
within the spinal canal. Neurologic deficits are found in almost 
all cases. Nineteen patients with such tumors were reviewed 
with respect to diagnosis, management, and results. Treatment 
consisted of prompt laminectomy with total or subtotal excision 
_ of the extradural tumor. The primary tumor in the mediastinum or 


e retroperitoneal area was removed at a second stage. All patients 


received postoperative radiation therapy. Eleven of the 17 pa- 
tients observed more than two years are free of disease, a cure 
rate much higher than the overall experience with neuroblas- 


= toma. Substantial recovery of neurologic function occurred in 


most, but kyphoscoliotic deformities were a disturbingly fre- 


K. -quent late complication. 


euroblastoma and ganglioneuroblastoma are among 
the most common malignant solid tumors of child- 


a hood, and for the majority of afflicted patients the outlook 
“A is grave.'* Certain of them, however, appear to enjoy a 
_ better prognosis. One such group is those who are ad- 


_ mitted with an intraspinal component of a paravertebral 
- tumor. Although there are numerous publications report- 
ing large series of patients with neuroblastoma, very few 
factual data are available on the clinical manifestations 
and prognosis of the dumbbell variant.*° 

Early and accurate diagnosis can prevent severe neuro- 
logic sequels and prolonged morbidity.: Recognition of 
spinal cord compression is the key to diagnosis in these 
cases, but this can be very difficult in infants. This report 
was undertaken to review the clinical features and results 
of therapy of all patients with dumbbell neuroblastomas 
- treated at the Columbus Children’s Hospital. A complete 
review of the diagnostic and therapeutic considerations 
applicable to all patients with neuroblastoma is beyond 
the scope of this study. 


PATIENTS 


The records of 134 consecutive patients with histologically con- 
firmed neuroblastoma or ganglioneuroblastoma admitted to the 
Columbus Children’s Hospital from Jan 1, 1948 through June 30, 
1974 were reviewed. Nineteen patients with verified intraspinal 
extension of their neoplasm serve as the source material for this 
study. All patients have been observed until death or through Sep- 
tember 1974, in order to provide current follow-up information 
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| 
with respect to tumor-free interval, neurologic status, and muscu- 
loskeletal deformity. Survival data have been computed by denot- 
ing as cured any patient who has remained free of tumor for two 
years following completion of therapy. 

The frequency of intraspinal extension varied widely with the 
location of the primary lesion in this series (Fig 1). Of the 88 pa- 
tients with abdominal neuroblastomas, nine (10%) were admitted 
with intraspinal involvement. Nine (32%) of the 28 thoracic lesions 
were dumbbell in nature, and one of the four cervical tumors ex- 
tended into the spinal canal. The overall incidence of dumbbell 
tumors in this series of 134 cases was 14%. Eleven tumors were 
neuroblastomas and eight were ganglioneuroblastomas. The 19 
patients ranged from newborn to 15 years in age, with an average 
age of three years. The age distribution was similar to that of 
neuroblastoma patients in general, with the majority of patients 
being less than 2 years of age. There were 11 females and eight 
males. 


Symptoms 


The initial complaints were quite variable and reflected the ages 
of the children (Fig 2). Twelve patients were less than 2 years of 
age and were, therefore, nonverbal. Of these, five initially had an 
overt neurologic deficit that had been noted by the parents. Four 
of these had obvious recent regression of motor control with loss 
of the ability to sit, crawl, or walk; and one neonate was believed 
to be less vigorous than his siblings because he did not kick ac- 
tively. Three were evaluated because of persistent irritability. 
Two were noted to have shortness of breath and cyanosis, and one 
infant was evaluated because of urinary dribbling. Only one pa- 
tient was completely asymptomatic. 

Seven children over 2 years of age were capable of articulating 
symptoms. Six complained of pain, and the other was admitted 
with progressive paresis. The average duration of symptoms prior 
to admission for the entire group was less than six weeks, and 
only one had been symptomatic for longer than three months. 


Physical Findings 


Neurologic abnormalities were found in 18 of the 19 patients 
(95%). Gross motor deficits were apparent in 17. Flaccid paralysis 
was present in five of these, and paresis of varying intensity was 
evident in the remaining 12. Motor defects were commonly sym- 
metrical, involving both lower extremities in 14 patients. Abnor- 
mal deep tendon reflexes were noted in 15 patients, being hyper- 
active in six and absent in nine. Clonus was present in five. 
Impairment of sensory function was observed in eight cases and 
was frequently helpful in localizing the cephalad extent of the tu- 
mor. Seven children had impaired sphincter function, manifested 
by either absence of anal sphincter tone or enlargement of the uri- 
nary bladder with dribbling. Localized muscle atrophy was pres- 
ent in five. In addition, seven had scoliosis; and an abdominal mass 
was palpated in six. 


Roentgenographic Findings 


Plain roentgenograms of the spine were obtained on 18 pateents 
and were abnormal in ten (56%). Scoliosis was noted in six chil- 
dren, and enlarged intervertebral foramina were present in six. 
Vertebral erosion was described in five cases; and enlargement of 
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Fig 1.—Various sites of primary tumor. Intraspinal extension oc- 
curred in 14% of entire group, and incidence varied with location 
of primary lesion. 








Fig 3.—Age at time of diagnosis of dumbbell neuroblastoma 
was the single most important factor relating to survival. 


the spinal canal, manifested by increases in either the inter- 
pedunculate distance or anteroposterior diameter, was present on 
three occasions. Myelograms were obtained in 18 of the 19 chil- 
dren. Complete obstruction of the spinal canal by the extradural 
tumor mass was present in 12, and in six a space-occupying lesion 
without obstruction was found. 


Cerebrospinal Fluid Findings 


The results of cerebrospinal fluid (CSF) analysis were available 
in ten cases. Nine had marked elevations in protein content, and 
xanthochromia was noted in five. A positive Queckenstedt re- 
sponse was reported in only three patients. Cerebrospinal fluid hy- 
drodynamics were not given in the majority of the records. 


TREATMENT 


Seventeen patients were treated prior to 1972 and have been ob- 
served for over two years following completion of therapy. One 
child was admitted to the hospital in terminal condition, received 
only supportive care, and died within two days. The remaining 16 
patients were treated for cure with a combination of staged surgi- 
cal resections and radiation therapy. No deaths in this series were 
attributable to therapy. 

In 15 cases the neurologic deficit was evident during the initial 
workup, and prompt laminectomy for spinal cord decompression 
and excision of tumor was performed. The operative procedures 
were frequently extensive and an average of seven lamina were 
excised in order to remove the extradural tumor. Complete exci- 
sion of all macroscopic intraspinal tumor was accomplished in 11 
patients, while obvious residual tumor remained in five. Only one 
patient developed the onset of neurologic symptoms late in the 
course of the disease. In this case, the symptoms of spinal involve- 
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Fig 2.—lnitial symptoms of patients according to age. 


ment progressed despite previous “curative” radiotherapy to the 
area of cord compression. 

Twelve patients subsequently underwent staged excision of the 
extraspinal portion of their tumor. In seven, total gross excision 
was accomplished and in five the resection was incomplete. The 
primary tumor was not excised in four. One of these four children 
developed obvious bony metastases shortly after laminectomy. In 
the remaining three, treated during the early years of this study, 
radiotherapy was relied on to control the primary neoplasm. Only ] 
one of these three patients was cured. A 

All patients received radiotherapy in curative doses. In half this 4 
was delivered in a single course following excision of both the in- f $ 
traspinal and extraspinal components of the tumor. In the re- n 
maining patients, the radiotherapy was delivered in two sessions, 7 
one following each of the staged operative procedures. No par- J 
ticular advantage for either method was apparent. Three patients d 
were treated with systematic chemotherapy as part of a national > 
study protocol, receiving orally administered cyclophosphamide in 
recurring courses for a period of one year. No beneficial or dele- 
terious effects of chemotherapy were observed. 


RESULTS 4 
Survival 


The late results of the 17 patients who completed treat- 
ment prior to 1972 are as follows: eleven (65%) have been 
cured of their tumor and are alive and free of disease an 
average of 9% years after diagnosis; nine of the ten under 
2 years of age are cured, but only two of the seven older 
children are long-term survivors. These results confirm 
the well-recognized factor of age on survival (Fig 3). Six 
of seven patients with ganglioneuroblastoma survived, 
whereas only five of the ten with neuroblastoma were 
cured. The anatomic location of the primary lesion (tho- 
racic vs abdominal) did not affect survival. 
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Neurologic Status 


All 16 patients treated for cure and observed for over 
two years had a demonstrable neurologic deficit on initial 
physical examination. Following laminectomy and exci- 
sion of the intraspinal tumor, 11 patients had substantial 
recovery of neurologic function. The most dramatic im- 
provements were seen in those patients with complete oc- 
clusion of the spinal canal as shown by myelography. Four 
patients had no improvement in neurologic status follow- | 
ing laminectomy. Two of these had complete obstruction ; 
of the canal on myelography and two were open. One pa- 
tient developed an increased neurologic deficit after com- d 
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_ plete removal of an obstructing lumbar tumor. 


In order to assess more accurately the neurologic status 
of the surviving patients a grading system was developed: 
good: ambulatory without assistance, no substantial neu- 
rologic deficit; fair: ambulatory with assistance (eg, 
braces), substantial neurologic deficit present (eg, flail 
ankle); and poor: nonambulatory, profound neurologic 


- deficit present. 


Using these categories, one gets a reasonable idea of 
the quality of the neurologic survival of the cured pa- 


tients. Seven of the 11 long-term survivors are classified 


as good, three as fair, and only one patient has been con- 
sidered poor from a functional standpoint. 


Musculoskeletal Deformity 


Eight of the 11 children who were cured of disease have 
developed substantial spinal deformity during the late fol- 
low-up period. The deformities are kyphosis in one, sco- 
liosis in two, and kyphoscoliosis in five. Four have required 
spinal fusion, and two others treated early in this ser- 
ies undoubtedly would have benefited from such surgical 
therapy. One patient is being braced in an attempt to pre- 
vent further deformity, and one with a mild scoliosis is 
being observed at frequent intervals for any progression 
of her abnormal curve. It is of interest that substantial 


- spinal deformity has developed in all five of the long-term 


survivors with thoracic lesions but in only three of the six 
with abdominal tumors. 

Other musculoskeletal problems have involved the lower 
extremities. Four of the six patients with primary ret- 
roperitoneal tumors have required operative procedures 


= for tibial derotation, fusion of flail joints, or release of 
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contracted tendons. Only one of the 11 long-term surviv- 
ors is free of clinically substantial musculoskeletal defor- 
mity. 


COMMENT 


The combined approach of surgery and radiotherapy has 
cured about one third of neuroblastoma patients in many 
large series.™* One clinical variant of this neoplasm, the 
so-called dumbbell tumor, produces spinal cord compres- 
sion that frequently results in profound permanent neuro- 
logic deficit, but has a much better prognosis for cure than 
the overall group. From a review of our patients with in- 
traspinal neuroblastoma, several observations become ap- 
parent and certain recommendations for therapy can be 
formulated. Optimum survival with minimal neurologic 
disability cannot be attained unless accurate diagnosis is 
achieved. A high level of suspicion of spinal extension and 
knowledge of its usual clinical manifestations should lead 
to early recognition of most dumbbell tumors. 

Suspicion is warranted because of the relatively high 
frequency of intraspinal extension. In our series of 134 
consecutive cases of neuroblastomas and ganglioneuro- 
blastomas, intraspinal extension occurred in one out of ev- 
ery seven patients. One third of the patients whose pri- 
mary tumor was in the thorax had intraspinal extension, a 
particularly high incidence. | 

Certain points in the clinical history of patients with 
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dumbbell tumors | are worthy of emphasis. In the older 
child, pain, particularly radicular in nature, is the predom- 
inant symptom. In infants, symptoms are less specific, and 
loss or impairment of motor control is the most frequent 
finding. Irritability (the infant equivalent of pain), which 
is persistent in nature, unresponsive to standard infant 
care, and exacerbated by changes in position, is the next 
most frequent manifestation. 

By far the most important element in accurate diag- 
nosis is a thorough neurologic examination. Ninety-five 
percent of our patients had demonstrable neurologic ab- 
normalities. Motor weakness and abnormal deep tendon 
reflexes were present in the overwhelming majority. Im- 
pairment of sensation, sphincter dysfunction, and local- 
ized muscle atrophy were noted in less than half. Plain 
roentgenograms of the spine are mandatory in the eval- 
uation of the patient with a suspected neuroblastoma. 
Over half of the children in this series had roentgen- 
ographic evidence of vertebral abnormality. Scoliosis, en- 
larged foramina, vertebral and/or pedicle erosion or 
thinning, and enlargement of the spinal canal are the 
most frequent of these. Calcification of the intraspinal tu- 
mor was not observed. 

If any of the aforementioned manifestations are pres- 
ent, immediate neurosurgic consultation should be ob- 
tained. Any neurologic deficit should be aggressively pur- 
sued with iophendylate injection myelography by either 
the lumbar or cisternal route or both. Ideally a single du- 
ral puncture should be performed for diagnostic purposes 
and minimal amounts of fluid removed. The Queckenstedt 
maneuver can provide information as to the patency of 
the subarachnoid space, but is not without risk. By in- 
creasing the pressure above a complete obstruction with 
drainage of fluid from below, one can further damage an 
already compromised spinal cord. Furthermore, any block 
will be detected more accurately by myelography. Com- 
plete obstruction demands immediate surgical decompres- 
sion. If the canal is open, laminectomy is accomplished 
within 48 hours, or immediately, if progression of the neu- 
rologic deficit oecurs. 

At laminectomy, an attempt is made to remove all gross 
tumor without sacrificing neural structures, and with ade- 
quate exposure this is possible in the majority of cases. A 
posterior root and ganglion or a small portion of dura ma- 
ter can be sacrificed, but care is taken to preserve all mo- 
tor fibers. A silver clip is placed on the residual tumor in 
the intervertebral foramen to mark the limit of the poste- 
rior excision as an aid in the second-stage procedure. A 
conservative approach is appropriate because of the radio- 
sensitivity of the neoplasm. Frozen sections can be helpful 
at the time of surgery. Eight of the 13 frozen sections ob-" 
tained correctly identified the neoplasm as a neuroblas- 
toma. In five instances, however, the frozen section diag- 
nosis ultimately proved incorrect. Three were initially 
interpreted as malignant neoplasms of indeterminate 
type. Even with the latter diagnosis, as complete an exci- 
sion as possible should be performed since neuroblastoma 
is the most frequent tumor appearing in this fashion. 

Once control of the spinal component of the tumor has 
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been obtained, resection of the extraspinal neoplasm is 
advised. Total macroscopic removal is the goal, and is most 
ofter quite feasible; but only as much tumor is removed as 
is consistent with patient safety. Heroic attempts at exci- 
sion of widely infiltrating neuroblastoma are not per- 
formed. Subtotal excision is accepted as a reasonable 
approach in these cases, again because of the radio- 
sensitivity of the tumor. Of the 16 patients in this series 
who underwent laminectomy, six subsequently had com- 
plete excision of a localized extraspinal tumor. Five of the 
six have been cured. Incomplete excision was accom- 
plished in six, and five of these are long-term survivors. In 
four children, no attempt was made to remove the ex- 
traspinal tumor, and only one is alive at present. At the 
completion of the procedure, the limits of the surgical ex- 
cision and the margin of any suspected residual neoplasm 
are accurately marked with silver clips. This in combina- 
tion with the demonstrable limits of the laminectomy has 
been of substantial benefit in preparing radiotherapy 
fields. All of our salvageable patients have received radio- 
therapy postoperatively. 

Chemotherapy protocols are an active portion of our 
overall therapeutic program for patients with neuroblas- 
toma, and we strongly support the controlled chemother- 
apy trials of the Children’s Cancer Study Group. Certain 
chemotherapeutic agents, notably cyclophosphamide and 
vincristine, have demonstrated their usefulness in the pal- 
liative management of neuroblastoma patients; but to 
date no chemotherapy program has improved the cure 
rate. 

Since 90% of our patients eventually required treatment 
for musculoskeletal deformity, long-term orthopedic fol- 
low-up is mandatory in addition to the follow-up required 


by virtue of the tumor. During the early postoperative pe- 
riod attention to the neurologic deficit is also important. 
Physical therapy, bracing, and frequent reevaluation will 


provide the opportunity for maximal functional rehabili- — 


tation. 


The late musculoskeletal problems of greatest impor- 


tance are spinal deformities. Eight of our 11 surviving pa- 
tients developed scoliosis or kyphoscoliosis. The cause of 
this complication is generally considered multifactorial, 
and no single element seemed predominant in this series. 
Curative doses of radiotherapy had been delivered to ev- 
ery patient. The average dose was between 2,400 and 2,500 
rads, and the entire width of the spinal column was in- 
cluded in all cases. All eight patients had undergone spinal 
decompression with an average of seven laminae being re- 
moved. Seven of the eight were under 2 years of age at 
the time of treatment. The only older child to develop spi- 
nal deformity required resection of ten laminae. At pres- 
ent, we recommend sequential examinations for musculo- 
skeletal deformities at three- to six-month intervals for 
all patients treated for dumbbell neuroblastomas. Follow- 
up should continue until linear growth is complete. 
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Discussion 


ROBERT J. IZANT, JR., MD, Cleveland: Drs. Boles and Sayers have 
compiled not only the largest series with the best results, but it is 
also the first and only such report of which I am aware. 

This paper has already shown the importance of an urgent 
neurosurgic-pediatric surgical partnership, but I want to empha- 
size important later partnerships with the pediatric pulmonary 
specialists and especially with the orthopedic surgeon. 

These additional teams are necessary because of the problems 
of late growth and development of the spine following radiation 
(whether or not a laminectomy is done, in our opinion). If radia- 
tion therapy is good for the original tumor, it is more of a problem 
for growing bone. If radiation of the tumor is worth the accept- 
able complication of kyphoscoliosis, the patient must be observed 
carefully for this complication and an early fusion should be 
anticipated. 

Not only is there the problem of scoliosis, but there also are 

*problems of respiratory crippling, pain, and intestinal tract ob- 
struction, especially in thoracic tumors. The intestinal tract ob- 
struction is secondary to an acquired malrotation or ligament of 
Treitz misplacement, as is somewhat apparert from a patient who 
came to our attention recently. 

A 19-year-old woman was recently brought to the attention of 
Dr. G@ L. Nash of our Youth Spine Center because of a severe de- 
formity of the thorax and subsequent intestinal tract obstruction. 
Sixteen or 17 years before, she had had a thoracic ganglioneuro- 
blastoma removed two times and radiation therapy had been 
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given, all at another institution. She was then lost to all follow-up. 

Her kyphoscoliosis was accentuated when she bent forward. 
Chest roentgenograms emphasized the degree of kyphoscoliosis, 
and gave some idea of the pulmonary problems involved. 

She, thus, emphasizes the seriousness of the careful follow-up 
that is necessary, the continued cardiopulmonary evaluation, and 
the problems of growth and development uppermost in pediatric 
surgery problems. This problem of kyphoscoliosis is not singular 
to neuroblastoma radiation. We see it more frequently in patients 
who have had radiation for other thoracic and abdominal tumors 
(notably Wilms tumor). 

My questions are (1) What is the cardiopulmonary status of 
your survivors? Have any come to spinal fusion? 

Dr. Bores: In answer to Dr. Izant’s question, eight of the 11 
long-term survivors among our patients did develop substantial 
spinal deformities. Four of them have had spinal fusions. Two 
others, early in the series, should have had fusions; but I do not 
think they ended up in quite as severe a state as the patient de- 
scribed by Dr. Izant. Certainly, however, they would have bene- 
fited by a fusion. One at the present time is being treated with 
braces in an effort to prevent further kyphoscoliotic deformity, 
and finally one with a mild curvature is simply being observed. - 

I do think this is an important consideration. The combination 
of radiation therapy and surgery certainly is very apt to lead to 
spinal deformities in patients with thoracic lesions, particularly 
when these procedures are done in infancy. 
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Human Parathyroid Autotransplantation 


Proved Function by Radioimmunoassay 
of Plasma Parathyroid Hormone 


Robert C. Hickey, MD, Naguib A. Samaan, MD, PhD 


The possibility of transplanting parathyroid gland fragments 
into accessible muscle as functioning autografts in the human 
being has been supported but unproved. During operations in 
the thyrocervical area, the parathyroid glands frequently are re- 
moved, either intentionally or inadvertently. 

We have had occasion to transplant slices of parathyroid 
glands in five instances; four parathyroid glands were proved to 
be normal, and a benign adenoma appeared in the fifth. The para- 
thyroid gland was positioned in a muscular bed in the patienťs 
forearm. Plasma parathyroid hormone (PTH) measurements by 
radioimmunoassay were made from the implant venous effluent. 
The venous outflow from the contralateral arm was used for con- 
trol. We have concluded that parathyroid tissue can be trans- 
planted, does function, and might be capable of providing cal- 
cium homeostasis. 


| Dorak e hypoparathyroidism may result in ex- 
tirpative manipulation of the thyrocervical region. 
The frequency of this complication may be greater than 
has been commonly cited in surgical publications. Perma- 
nent hypocalcemia can be a devastating condition, often 
difficult to manage, with frequent ensuing complications 
for the patient. 

Lahey’ and Cattell? advocated a “seek and implant” 
method for parathyroid glands during extirpative surgery 
in the thyrocervical area. In this procedure, the parathy- 
roid glands are located in the excised specimen and then 
reimplanted, usually in a sternocleidomastoid muscle. Al- 
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though this practice is almost a surgical tradition, there 
has been a lack of data supporting the efficacy of the pro- 
cedure. The success of Lahey and Cattell would be attrib- 
uted to careful surgical technique (in which most of the 
glands were preserved in situ) rather than to the outcome 
of functioning implants. 

Skepticism about the worth of such a practice is reflected 
in this statement by Fisher et al’: “While autografts of 
the parathyroid glands removed during thyroidectomy are 
innocuous, it is unlikely that they will take and function 
when placed in such sites as muscle, subcutaneous, and 
subfascial spaces.” After reviewing literature on the sub- 
ject, Jacob and Dunphy‘ were unconvinced that beneficial 
results were obtained with the technique of parathyroid 
autotransplantation. 

However, this surgical maneuver has also been ap- 
praised as having a seemingly rational basis, although 
proof of autotransplant survival and funetion has been 
sparse in the human being. Shambaugh and Cutler’ illus- 
trated, by histological examination at autopsy, that an au- 
totransplanted parathyroid gland had survived for two 
years; however, there was no physiological test to prove 
preserved function. Later, Matsuura and co-workers’ re- 
ported on five instances of hemithyroidectomy in which 
parathyroid gland implants were placed in the pectoral or 
trapezius muscle and then removed one to six months * 
later. Examination proved that the parathyroid glands 
had maintained histological integrity, but, again, there 
were no physiological data proving function. 

Jordan,’ studying patients from M. D. Anderson Hospi- 
tal and other hospitals, observed an improvement ingcal- 
cium balance in the patients in whom cultured parathy- 
roid gland tissue was transplanted. This evidence of 
function was indirect, and substitute explanations are 
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Table 1.—Normal Parathyroid Autotransplantation: 
Patient 1, Total Thyroidectomy 









Radioimmunoassay PTH, ng/ml Calcium/ 
Phosphorous, 
Day Implant Site Contralateral Ratio mg/100 ml 
of 9.1/3.4 
0 Implantation 
1 8.4 
2 8.9/3.7 
2.0 0.94 2.13 8.4 






8.5 











11.0 
10.3 
9.2 







Table 2.—Normal Parathyroid Autotransplantation: 
Patient 2, Total Thyroidectomy 














Radioimmunoassay PTH, ng/ml Calcium/ 
Phosphorous, 
Day Implant Site Contralateral Ratio mg/100 ml 
=2 8.6/3.4 
0 Implanatation 
1 
2 


2.50 9.2 





* Intravenous calcium. 


possible. In a homograft study, Groth and colleagues’? re- 
ported a patient who had undergone a previous subtotal 
parathyroidectomy while receiving chronic renal dialysis. 
The patient became severely hypocalcemic after a success- 
ful cadaveric renal graft. Homologous hyperplastic para- 
thyroid tissue from a donor patient, also receiving renal 
dialysis, was implanted into the pectoral muscle of the 
immunosuppressed recipient. Histological integrity was 
proved at biopsy approximately eight months after the 
implantation. Sustained calcium homeostasis in the pa- 
tient was observed for 20 months. 


FINDINGS 


The background circumstances for this study were re- 
lated to a research program of calcium disturbances in a 
patient population within a cancer institution. The tech- 
nique of the diagnosis, and preoperative localization of 
hyperfunctioning parathyroid tissue in the neck and 
mediastinum by venous selective catheterization, is perti- 
nent p this investigation.” 

The first autotransplantation in this series occurred 
when a 21-year-old man underwent a total thyroidectomy. 
The’ removed specimen contained a parathyroid gland, 
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Table 3.—Normal Parathyroid Autotransplantation: 
Patient 3, Total Thyroidectomy, Bilateral Neck Dissection, 
Mediastinal Dissection 


Calcium/ | 
Phosphorous, 
mg/100 ml 


Radioimmunoassay PTH, ng/ml 


Day Implant Site Contralateral Ratio 


Implantation 


0.11 3.60 10.1 








Table 4.—Normal Parathyroid Autotransplantation: 
Patient 4: Parathyroidectomy 



















Radioimmunoassay PTH, ng/ml Calcium/ 
Phosphorous, 
Day Implant Site Contralateral Ratio mg/100 ml 
—92 14.5/2.1 
—3 11.0/3.6 
I 11.1/3.8 
0 Implantation 10.4 
1 8.3/3.7 
2 7.2/4.4 
3 8.2 
4 7.6/4.5 
5 7.8/4.5 
8 15 0.25 6.00 8.3 
12 1.4 0.26 5.38 9.0 
0.36 0.24 1.50 11.5 






1.87 10.4 





* After biopsy attempt. 


proved normal at biopsy, that had been passed from the 
operative sterile field. After the patient’s family had 
given intraoperative permission, the specimen was trans- 
planted into the muscles in the lateral aspect of the left 
forearm, rather than within the musculature in the oper- 
ative field. Normal macroscopically identified parathyroid 
glands had been left in situ. Postoperatively, there was no 
disturbance in calcium homeostasis. Periodic assays for 
immunoreactive parathyroid hormone (IPTH) were made 
on the venous drainage of the forearms for 508 days, and 
increased IPTH was noted from the implant site. This is 
interpreted to be the result of glandular function (Table 
1). 

Three other transplants of normal parathyroid glands 
in which macroscopically identified parathyroid glands 
were left in situ have been performed, using the same 
technique. The three patients were observed periodically 
for 77, 233, and 238 days, respectively (Tables 2 through 4). 
All three patients showed increased plasma IPTH from 
the implant site. Only one patient postoperatively demon- 
strated transient symptomatic hypocalcemia, and no pa- 
tient received long-term supportive therapy. Observations 
of one patient with a benign parathyroid adenoma im- 
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Table 5.—Benign Parathyroid Adenoma 
Autotransplantation: Patient 5, Parathyroidectomy 









Radioimmunoassay PTH, ng/ml Calcium/ 
Phosphorous, 
Day Implant Site Contralateral Ratio mg/100 ml 
—100 11.7/2.3 
—78 11.9/2.0 
—64 11.1/2.3 
0 Implantation 
2 9.2 
| 3 8.5 
4 Pe 0.44 3.86 8.9 
t1 1.1 0.34 3.24 8.1/3.0 
16 2.8 0.80 3.50 9.4 
23 5.4 1.40 3.10 9.7 


plant are shown (Table 5). 

In order to avoid the futility of implanting mis- 
identified tissue, it is imperative that a small portion of 
the tissue to be reimplanted be quick frozen for histologi- 
cal identification. This is especially important when tissue 
has been taken from a possible cancer field. 


SUBJECTS AND METHODS 


The determination of implant function through monitoring para- 
thyroid hormone (PTH) levels involved several steps. Purified bo- 
vine PTH was labeled with "I, and antibody to bovine PTH was 
prepared in guinea pigs. The bound and free hormones were sepa- 
rated by the double antibody precipitation technique, using a sec- 
ond antibody to guinea pig y-globulin prepared in the rabbit. The 
assay was sensitive to as little as 0.04 ng/ml. 

On a test day, to avoid variation in the immunoassay from one 
assay to another. serum samples from each patient were mea- 
sured in duplicate in the same batch. The variation in the level of 
the IPTH of the serum samples duplicated on the same day was 
not mere than 3%. With samples held and measured on different 
days, the variation ranged from 5% to 30%, and was especially no- 
ticeable in the low values. The range of serum samples from nor- 
mal plasma level of the IPTH in our laboratory was 0.04 to 1.0 
ng/ml. 

To assess the function of forearm transplants of parathyroid 
gland tissue, the implanted and contralateral forearm venous ef- 
fluents were harvested under the same conditions for plasma PTH 
radioimmunoassay measurements. 

Serum levels of calcium and phosphorus were determined by a 
blood chemistry study, using an automated multiple analysis sys- 
tem. In the calcium procedure," the diluted serum sample was 
first acidified to release protein-bound calcium. A chelating agent, 
oxyquinoline, was added to minimize the interference caused by 
magnesium. The calcium was then reacted with metalphthalein. 
After the addition of diethylamine for color development, the 
complex was determined by spectrophotometric analysis at 570 
nm. 

The dialyzable inorganic phosphorus was determined by the 
phosphomolybdic acid method. Reduction of the molybdate com- 
plex was accomplished with stannous chloride and hydrazine, and 
the colored complex was determined by spectrophotometric analy- 
sis at 660 nm. 


COMMENT 


The early differential level of IPTH, higher in the 
venous drainage from the implanted arm, was unex- 
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pected. It is probable that this phenomenon preceded the 
anticipated vascular invasion of the diced intramuscular 
autotransplant. It is feasible that it could represent-PTH 
leak from the transplanted tissue. It might explain some 
of the observed transient benefits reported by others from 
a variety of transplanted parathyroid gland tissue types. 
With time, less IPTH was assayed from the implanted 
specimens. However, the ratios determined by comparing 
levels from the implanted arm with those from the contra- 
lateral control arm were essentially unaltered. 

The older studies involving rat and dog models might be 
reviewed in the light of these data and more recent obser- 
vations in animals. Wells and associates” autografted two 
parathyroid glands in each of a series of dogs, and at ten 
days excised the in situ glands. They removed the trans- 
planted glands on the 14th day and found them to be his- 
tologically normal. By radioimmunoassay, the IPTH con- 
tent was found to be 1,726.6 + 166.0 ng/mg of tissue, 
compared to the fresh, nontransplanted parathyroid tissue 
level of 4,416 + 386.0 ng/mg. With removal of these trans- 
planted glands, and thus all parathyroid tissue stores, the 
dogs lost homeostasis, suffered a severe calcium drop, and 
died within one week. In similarly conducted homograft 
experiments, the histological architecture of the trans- 
plants was destroyed, and the IPTH content was 162.8 + 
35 ng/ml of removed tissue. This IPTH content was no- 
ticeably less than in the autografts, and markedly lower 
than that in the normal, fresh parathyroid gland. There is 
a potential fallacy in the assays, in that hormonal storage 
and endocrine tissue function may not be directly related; 
the stores in an actively functioning gland may be less 
than those in a more indolent gland. In concomitant stud- 
ies, Wells and colleagues noted that the autografts, if left 
intact, were capable of maintaining the dogs in a contin- 
uum, with normal levels of serum calcium being demon- 
strated at day 60. Such observations have been extended 
to include successful homograft transplants in immuno- 
suppressed siblings from a beagle colony. 

Raaf et al used a model of two inbred rat strains with 
known genetic incompatibility. Wistar Furth rats (WF) 
served as graft recipients, and Brown Norway rats (BN) 
served as donors. When isogenic parathyroid tissue was 
placed in tissue culture and kept for 60 days, it could be 
successfully transplanted (WF to WF); homografts or 
xenografts were uniformly rejected. In brief, the immuno- 
genicity of parathyroid gland homografts, as BN to WF, 
is not lost or altered in vitro. Wells and Christiansens 
used inbred Fischer rats to study indexes when tissue was 
exposed to environmental manipulation. The rat parathy- 
roid glands were removed by cautery excision. Hypocalce- 
mic rats were designated to receive transplants only. The’ 
authors observed that parathyroid glands withstood dry- 
ing for one to three hours (but not six hours) and func- 
tioned physiologically; further, they were histologically 
normal after transplant removal. When rat parathyroid 
tissue was transplanted after being kept from thrge to 
nine hours in Waymouth medium at room temperatures, 
the grafts functioned and appeared normal in 100% of the 
rats. Function was preserved in 70% of the rats when the 
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grafts were maintained in this way before transplant for 
12 hours. When parathyroid tissue was frozen for three to 
nine months at —196 C in vials containing 10% dimethyl 
sulfoxide, 10% syngeneic rat serum, and 80% Waymouth 
medium, using a freezing chamber and standard cooling 
techniques, the reconstituted gland functioned when 
transplanted. 

These data and ours suggest that the “seek and im- 
plant” method might well eliminate iatrogenic complica- 
tions and be applicable under a variety of circumstances. 
In one immunosuppressed patient,’ a homograft has been 
judged successful. This observation could provide a guide 
to therapy in severe life-threatening hypocalcemic distur- 
bances unrelated to extirpation. In the animal model, at 
least, parathyroid glands can be stored for protracted pe- 
riods. 

In the literature on the subject, there is little to firmly 
suggest that homografts or xenografts, with or without 
tissue culture techniques, will alter the immunogenicity of 
parathyroid tissue to be implanted. It may be that only in 








‘ 


chance patients, as in Jordan’s study,’ will the tissue cul- 
ture homografts function. 


CONCLUSIONS 


Observations of patients with autografted fresh para- 
thyroid tissue placed into a muscular bed in the forearm 
indicated that these grafts had differential measurable 
IPTH function when assessed by radioimmunoassay meth- 
ods. Effluent from the arm with the implant, when com- 
pared with the anatomically identical venous effluent from 
the contralateral arm, consistently had higher levels 
(P <.001). Evidence of PTH output occurred soon after 
implant and was continuous, although seeming to de- 
crease quantitatively, for up to 508 days. Testing has not 
been done to determine whether these grafts alone could 
maintain calcium physiological balance. 


Nonproprietary Name and Trademarks of Drug 


Dimethyl sulfoxide—Demasorb, Demeso, Dromisol. 
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Malignant Melanoma 


The Patient With an Unknown Site of Primary Origin 


Gary H. Baab, MD, Charles M. McBride, MD 


Four percent of 2,446 patients with malignant melanoma did 
not have a known site of primary origin. More than half were ad- 
mitted with nodal disease only, and were treated with regional 
node dissections. Thirty-three percent of this group lived five 
years, and 22% lived ten years following treatment. One third 
were admitted with visceral metastases, many of which were 
amenable to surgery, and this group experienced a 5% five-year 
survival rate. Cutaneous dissemination carried a lethal progno- 
sis. Recurrences following treatment tended toward the same re- 
gion of the body as the original metastasis, and 50% of these re- 
currences occurred within six months of therapy. The sex ratio, 
age incidence, family history, and survival rates in these patients 
with unknown primary tumors are consistent with an unnoticed 
cutaneous lesion as the site of origin for the metastatic disease. 
it must be supposed that this lesion had undergone spontaneous 
regression. 


vw melanoma, with its variable histologic pat- 
terns and protean manifestations, is a perplexing 
problem. The problem becomes more complex when a pa- 
tient is first seen with metastatic malignant melanoma, 
and no site for a primary lesion can be found. Pack and as- 
sociates' experienced this problem in 29 (2.4%) of 1,190 
patients with malignant melanoma. More recently, Das 
Gupta and co-workers’ analyzed 37 (3.7%) of their 992 ma- 
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lignant melanoma patients whose tumors were of un- 
known primary origin. 

The disease process will become better understood only 
by enlarging the experience in relation to this aspect of 
malignant melanoma. With this in mind, we reviewed the 
experience with malignant melanoma of unknown pri- 
mary origin at the University of Texas System Cancer 
Center, M. D. Anderson Hospital and Tumor Institute, 
where, during the 25 years from 1944 to 1969, 2,446 pa- 
tients with histologically proven malignant melanoma 
were seen, and have had at least a five-year follow-up. 
Distribution of primary sites for these patients is given in 
Table 1. To understand this experience with malignant 
melanoma, a method of clinical staging is required. The 
staging in current use at M. D. Anderson Hospital is cate- 
gorized in five phases: stage 0, superficial melanoma; stage 
I, primary melanoma, which is subdivided into classifica- 
tions of IA (intact primary melanoma), IB (primary mela- 
noma, locally excised), and IC (multiple primary mela- 
nomas); stage II, local recurrence or metastasis, in which 
all disease is within 3 cm of the primary site; stage III, re- 
gional metastasis, which is subdivided into classifications 
of IIIA (tissues excluding nodes), IIIB (node [s]), and 
IIIAB (skin, etc, plus node [s]); stage IV, distant metasta- 
sis. With this classification system, it becomes apparent 
that all cases in which the primary site is unknown must 
fall into stages IIIA, IIIB, IIIAB, or IV. 

All charts believed to represent cases of malignant 
melanoma with an unknown primary site were carefully 
reviewed, following the basic criteria of Das Gupta et al.’ 
Slides of any skin lesions known to have been biopsied 
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were reviewed, in an attempt to avoid missing a primary 
lesion. All patients or their charts were reviewed by an 
experienced investigator with a special interest in malig- 
nant melanoma. Using these criteria, 98 of the 2,446 pa- 
tients (4%) in this series were categorized as having ma- 
lignant melanoma with an unknown site of primary 
origin. 


RESULTS 
Sex and Race 


Of the 98 patients with malignant melanoma and an un- 
known primary site, 71 were male and 27 were female, a 
ratio of 2.6:1. Das Gupta and associates? also noted a pre- 
ponderance of male over female patients in their series. 


Age 


Figure 1 represents the distribution by sex, revealing a 
peak overall incidence during the fifth decade. The peak 
incidence for men is at a younger age (40 to 49 years) than 
that for women (50 to 59 years). The youngest patient 
with an unknown primary malignant melanoma was a 
woman (age 18), and the oldest was a man (age 91). 


Family History 


Six of the 23 female patients had a family history of 
cancer, and in four of the six the disease occurred in a sis- 
ter. One of these, a patient with a “melanosarcoma,” was 
the only patient in the series who had a family history of 
melanoma, although not a member of a “melanoma” fam- 
ily.* One of the women had carcinoma of the cervix and a 
basal cell carcinoma of the face, in addition to melanoma. 

Of the 71 male patients, 21 had a family history of can- 
cer, and in 13 patients, it occurred in the father or brother. 
One patient had a basal cell carcinoma of the cheek, and 
another had undergone a curative left hemipelvectomy for 
a chondrosarcoma some years earlier. At autopsy, he was 
found to have disseminated malignant melanoma and re- 
current chondrosarcoma in the operative area, but without 
evidence of dissemination of the latter. 


Staging at Time of Original Diagnosis 


The 98 patients in this series were staged according to 
the M. D. Anderson Hospital system and, anatomically, 
they were stage III or IV (Table 2). 

More than half of the patients initially had nodal me- 

tastases only, whereas approximately one third had vis- 
ceral metastases when diagnosed. It should be noted that 
the percentage figures for the male and female groups in 
the various stages are remarkably similar, even though 
the male predominance was greater than 2:1. 
* “Analysis by Stages.-Seven patients, five men and two 
women, were classified as stage IIIA. Four of the five men 
and both women (six of seven patients) were admitted 
with subcutaneous trunk metastases. The remaining pa- 
tient, a man, had subcutaneous melanoma in the head and 
neck area. 

Fifty-four of the 98 patients (55%) were initially classi- 
fied as stage IIIB, with nodal involvement only. This 
grotip is of particular interest because it is the most ame- 
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Table 1.—Regional Distribution by Primary Site 


Patient Dis- 
tribution, % Men 


22 330 
22 321 





Body Area Women 
Head and neck 


Trunk 

























223 



























Upper extremity 20 244 250 
Lower extremity 26 194 442 
Others (including 4% 

unknown primary tumors) 10 132 110 









Total No. of patients 1,221 1,225 
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Fig 1.—Age distribution of patients with malignant melanoma of 
unknown primary site. 


nable to surgical treatment. In the 41 male patients, the 
cervical (39%) and axillary (41%) node sites tend to pre- 
dominate, whereas in the 12 women, it is the inguinal area 
(58%) that predominates. There were, however, a com- 
paratively small number of women in the stage IIIB cate- 
gory. 

Radical regional node dissection is feasible for stage 
IIIB patients; hence, they were further analyzed in terms 
of the time, location, and type of recurrence after initial 
treatment. Twenty-three of the 41 men, and seven of the 
13 women (30 [56%] of 54 total), developed recurrent mela- 
noma after initial therapy. Of these, 50% developed recur- 
rence within six months, 77% developed recurrence within 
12 months, and 90% experienced recurrence within 24 
months from the time of initial therapy. The initial recur- 
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rence was in lymph nodes in 57%, in the skin in 20%, in 
subcutaneous tissues in 20%, and in the skin plus nodes in 
the remaining 3%. Thus, not only were the majority of the 
patients (55%) in this series first seen with nodal involve- 
ment, but, in addition, more than half (57%) of those who 
developed a recurrence developed it in lymph nodes. 

In relating recurrence to location of the initial appear- 
ance of the disease, 80% developed recurrence on the same 
side as the site where the malignant melanoma was first 
diagnosed. Ten percent experienced recurrence on the 
contralateral side, and 10% of the group developed recur- 
rence on both sides. It appears that malignant melanoma 
with an unknown site of primary origin will usually ap- 
pear as regional nodal metastases and may recur within 
12 months after treatment on the ipsilateral side in a 
node-bearing area. 

The stage IIIB patients were further analyzed in terms 
of the time interval from first recurrence to first identi- 
fiable visceral metastases. For men, the average time was 
7.4 months, and for women, 8.3 months. 

There were four men and two women in stage IIIAB, 
and no definite pattern of nodal involvement was appar- 
ent. In most instances, the skin involvement was in the 
same region as was the nodal involvement. Both women 
had axillary node disease; in one, the skin of the axilla was 
involved, and in the other subcutaneous nodules were evi- 
dent on the anterior and posterior trunk. The nodal and 
tissue involvement of the men was as follows: bilateral 
cervical nodes and skin of neck (one); unilateral axillary 
nodes with skin of the same axilla (one); unilateral ingui- 
nal nodes with skin of the upper (lateral) ipsilateral leg 
(one); multiple node sites (cervical, axillary, inguinal) with 
skin, and subcutaneous tissue of anterior and posterior 
trunk (one). 

Stage IV comprised 31 patients, 21 men and ten women; 
thus, 32% of the series had “visceral” metastases, repre- 
senting hematogenous spread at the time of original diag- 
nosis. These patients were analyzed by site of the first ap- 
parent visceral lesion; the results are presented in Table 3. 
In 15 of the 31 patients, the lung was the initial visceral 
organ diagnosed as having metastatic disease; in another 


_ six patients with pulmonary metastasis, other organ sys- 


tems were involved at the time of this diagnosis. In 68% of 
the stage IV patients, the lung was known to be involved 
with metastatic disease before the death of the patient. 


Survival 


Depicted in Fig 2 are the survival curves for 87 of the 98 
patients included in this series. Eleven of the 98 were ex- 
cluded because they were either lost to follow-up or died of 
other causes. Of the 11, two stage IV patients had meta- 
static melanoma diagnosed at autopsy (both solitary cen- 
tral nervous system metastases), and the cause of death 
was unrelated to the melanoma. One stage IV patient died 
after thoracotomy due to a solitary pulmonary nodule, 
which was found to be metastatic melanoma, and two pa- 
tients in stage IV were lost to follow-up. Of the 87 pa- 
tients represented by the survival curves, six were stage 
IITA, 49 were stage IIIB, 6 were stage IIIAB, and 26 were 
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stage IV. 

Analysis by Stages.—All but one of the patients in the 
stage IIIA group were dead of their disease within six 
months of original diagnosis. The exception was a man 
with truncal disease who survived 21 months. 

Patients in the stage IIIB group had the best long-term 
survival; five-year survival rate was 33%, and the ten-year 
rate was 22%. Regional node involvement at the time of 
original diagnosis for the men in stage IIIB who have sur- 
vived for more than five years (alive, with no evidence of 
disease) is as follows: three patients with cervical node in- 
volvement lived eight years, while another lived ten years; 
in those patients with axillary node involvement, one pa- 
tient lived five years, one lived ten years, one lived 12 
years, and two others lived 13 years. In the stage IIIB 
women, there was only one long-term survivor. This pa- 
tient was admitted in 1952 with right inguinal node in- 
volvement and underwent a radical groin dissection. She 
was alive with no evidence of disease at 22 years, 7 
months, although she was two months pregnant at the 
time she was diagnosed. Figure 2 shows that 56% of 
these patients died from their disease within the first 
24 months, after which the curve assumes a more gradual 
descent. 

There were no survivors beyond a 12-month period in 
the stage IIIAB group. Sixty-seven percent survived for 
six months, but all died of their disease during the en- 
suing six months. 

As would be expected, most of the patients in the 
stage IV group were dead within six months (69%) to one 
year (81%). The extension of this survival curve was at- 
tributable to three patients. One man underwent an ex- 
ploratory thoracotomy and wedge resection of a lesion of 
the left lower lobe. This was a histologically proven, meta- 
static malignant melanoma for which no primary lesion 


Table 2.—Malignant Melanoma: Primary Site Unknown 
(98 Patients) 


Patient Distribution 











Stage Stage Stage Stage 

IHA IHIB IHAB IV 
Male (71 patients) 5 (7%) 41 (58%) 4 (5%) 21 (30%) 
Female (27 patients) 2 (12%) 13 (49%) 2 (12%) 10 (27%) 
Total (98 patients) 7 (7%) 54 (55%) 6 (6%) 31 (32%) 


Table 3.—Site of First Diagnosis in Stage IV Disease 


Lung 
Brain 


Abdominal viscera 
and peritoneum 


Lung + bone 

Lung + brain 

Lung + bone + brain 
Spinal cord 

Total No. of patients 
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could be found. This patient lived for seven years, nine 
months after the original diagnosis, only to die of dis- 
seminajed disease without a known primary tumor. One 
woman lived for 38 months after undergoing a right hemi- 
colectomy for a cecal lesion that was proven histologically 
to be a metastatic melanoma. Included in the stage IV fe- 
male group was one other patient with metastatic mela- 
noma of the cecum. This patient underwent a right hemi- 
colectomy, and was alive without evidence of disease when 
she was lost to follow-up at 13 months. Another woman 
lived for 30 months after removal of a subdural cord mela- 
noma metastasis. 


COMMENT 


The incidence of metastatic malignant melanoma of un- 
known primary origin in the patients reviewed here is 4%. 
This is essentially the same as that reported by others.':?" 
The two usual explanations for malignant melanoma of 
unknown primary origin are (1) it is either melanoma 
arising de novo within a lymph node-bearing area (cryp- 
togenic melanoma)’ or (2) it is the spontaneous regression 
of a primary lesion. Considerable support for the latter 
hypothesis was presented in 1965 by Smith and Stehlin® 
from this institution. If this latter concept is true, then an 
analysis of unknown malignant melanoma patient records 
should reveal data similar to that obtained in patients in 
whom the primary lesion is known. In our present series, 
55% were admitted with a regional node as the initial site 
of metastasis. Most metastases in men were in cervical 
and axillary nodes, and in women in the inguinal nodes. 
As reported by Nathanson and colleagues,® and in this 
present series (Table 1), there is a predilection in men for 
head and neck primary melanoma, followed closely by 
trunk, and in women for lower extremity melanoma. The 


Fig 2.—Patients with malignant melanoma of unknown primary 
site; ten-year survival. 
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pattern of our unknown primary melanoma of the stage 
IIIB category follows this known primary distribution. 
Further, ipsilateral nodal recurrence after primary surgi- 
cal ablative therapy would suggest a primary site in that 
region. The five-year survival rate of 33%, and the ten- 
year survival rate of 22% are higher than expected for 
similar patients with a known primary lesion that had 
been treated.’ 

In the stage IIIA and IIIAB categories, the patients 
were admitted with subcutaneous deposits and nodal, plus 
skin and/or subcutaneous deposits, respectively. In the 
stage IIIAB patients, all but one had ipsilateral node plus 
skin or subcutaneous involvement; in the one patient who 
did not have ipsilateral involvement, both the skin and 
subcutaneous tissue of the trunk were involved anteriorly 
and posteriorly. Of the stage IIIA patients, a majority had 
trunk metastases. Multiple cutaneous metastasis in mela- 
noma is usually a grave prognostic sign, and this holds 
true for the stage IIIA and IIIAB patients in this study, 
as all but one were dead of their disease within 12 months. 
A known primary lesion with “local” dissemination carries 
a similar prognosis. 

Stage IV patients, by their classification, represent a 
group with visceral metastases. Of interest, however, is 
that at some time during the course of their disease, 17 of 
the 31 patients exhibited evidence of regional nodal or 
subcutaneous or skin metastases or both. This finding and 
the 5% five-year survival rate would also be expected in a 
similar group with a known skin primary tumor.® 

The more than 2:1 ratio of male to female in this series 
is in keeping with what Olsen* has reported for European 
series, but the overall 1:1 ratio for our entire melanoma 
experience more nearly fits the statistics for this conti- 
nent.” The equally poor prognosis for the female pa- 
tients with metastatic disease, and the fact that their per- 
centage in any given stage of the disease approximates 
that for men, also agree with the known facts for malig- 
nant melanoma for which a primary site is known.’ A 
peak incidence in the fifth decade, and high incidence of a 
familial history of malignant disease, are also consistent 
with what is known of cutaneous primary sites. 

The disappearance of a primary lesion through the pro- 
cess of spontaneous regression,’ and later discovery of 
metastatic malignant melanoma with no evidence of the 
primary site remaining, are consistent with the known 
facts gleaned from our review of 98 patient records. It is 
possible that immunity, conferred by the destruction of 
the primary lesion, may aid the unexpected long-term sur- 
vival obtained by some of the patients reported here. 
When feasible, an aggressive surgical program is recom- 
mended for these patients. 
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Discussion 


CHARLES Eckert, MD, Albany, NY: In a small, personal series 


_of patients with malignant melanomas with an unknown primary 


site of origin, the general behavior of these lesions was similar to 
that presented by Drs. Baab and McBride. The general tendency 
toward prolonged survival, with varying sequential treatable sites 
of disease, was apparent. One patient was of particular interest, 
since eight years after initial presentation in inguinal lymph 
nodes and subsequent metastatic spread to the nasopharynx and 
ileum, he developed disseminated subcutaneous nodules. After 
confirmation of the diaguosis by biopsy, all of these nodules un- 
derwent spontaneous regression. He survived for an additional 
two years, then dying of generalized visceral disease, but without 
further subcutaneous manifestations. 

In all of these patients, host resistance in the form of either cel- 
lular or humoral immunity must be high. It is to be hoped that as 
our methods of studying tumor immunity become more sophis- 
ticated, meaningful studies can be done on patients with this bio- 
logieally fascinating tumor. 

EDWARD F. Scanton, MD, Evanston, Ill: I would like to point out 
that in many of these cases, the primary melanoma is extremely 
diffieult to identify. I believe that melanoma exists for a long time 
prior to its being identified as such. It masquerades as a nevus. 
Perhaps Dr. Slaughter had the right answer when he said that 
these tumors metastasize in toto. 

I would like to ask the authors how much of a search is made for 
the primary tumor. The fact that tumors recurred on the ipsilat- 
eral side would suggest that perhaps the primary tumor was still 
present in the area, but went unrecognized, and that there may 
not have been a spontaneous regression at all. The good prognosis 
in the group may be due to the natural immunity that Dr. Eckert 
has already mentioned. 

What is the authors’ standard protocol for search of the pri- 
mary tumor? Was there survival after treatment of the recur- 
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rence in those patients in whom it developed after the primary re- 
moval of the lymph nodes? I would pose this same question in 
reference to those patients who developed recurrence on the ipsi- 
lateral side, for this suggests that the primary tumor might still 
be present. If there was survival after treatment, the concept of 
spontaneous regression of the primary tumor would be more plau- 
sible. 

Finally, I would like to ask if these patients skin test differently 
than those patients with known primary tumors. 

Dr. BAaB: Regarding the immunologic aspects of this disease, it 
would appear that this will be the area from which the ultimate 
answer will arise. We can only hypothesize that perhaps one of the 
reasons the survival was relatively good, particularly in the stage 
IIIB group, was that of conferred immunity from the destruction 
of the unknown primary lesion. 

The problem of missing a primary lesion is, of course, of great 
concern. We were overly critical in our analysis of this group of 
patients. Whenever possible, slides from tissues previously re- 
moved were reviewed. The charts were reviewed by an individual 
who had a special interest and was experienced in the disease. If 
there was a question of the patient having had a lesion removed 
sometime previously without a tissue diagnosis, then this patient 
was rejected from our study. In addition, very diligent search was 
made for the areas most likely to show a primary lesion. Here 
again, patients were rejected if there was any question. 

I would refer to the question of skin testing to Dr. McBride if he 
cares to comment. 

Dr. MCBRIDE: In the series reported here, all the patients have a 
five-year follow-up. Skin testing was not done at that time. The 
current melanoma patients are skin-tested, and the level of immu- 
nity in patients with unknown primary lesions is no different from 
those with known primary lesions. 
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Chemotherapy, BCG, and Serum 
From Tumor-Bearing Mice 


Comparative Effects on Growth and Spread 


of Mouse Lewis Lung Cancer 


John A. Greager, MD; Gregory Culberson, MD; Bradley Manning, MD; T. K. Das Gupta, MD, PhD 


In 101 mice, Lewis lung tumor (25 mg apiece) was implanted 
subcutaneously in the right hind limb and the mice separated 
into various groups and protocols to test treatment with immuno- 
therapeutic and chemotherapeutic agents. In those treated intra- 
lesionally with BCG, the growth of primary tumor was retarded 
(P = .05). Tumor growth in animals treated with systemic BCG 
and serum from tumor-bearing mice was not different from con- 
trols. In 14 of 20 mice treated with chemotherapy (semustine and 
cyclophosphamide), there was no primary or metastatic growth 
(P = .01). The observations show that this sort of systemic im- 
munotherapy had no effect on mouse Lewis lung tumor, that in- 
tralesionally there was a retarding effect of BCG (although it did 
not influence metastases), and that this protocol of chemother- 
apy was strikingly effective. 


2 nap experiments have shown that the forms 
of immunotherapy thus far studied have varied ef- 
fects on primary as well as metastatic tumor growth. This 
study was designed to investigate the effects of several of 
these modes of immunotherapy on the growth and spread 
of lung cancer in mice. 

For this study we chose the Lewis lung cancer model in 
BDF, mice. This method of tumor induction is attractive 
because Lewis lung tumor implanted into the hind limb of 
BDF, mice grows progressively in all of the mice and me- 
tastasizes to the lungs early in the course of the disease, 
when the host is in condition to tolerate surgical treat- 
ment, chemotherapy, and immunotherapy. This trans- 
plantable tumor has not been observed to regress sponta- 
neously and is relatively insensitive to chemotherapy. 

In previous experiments, early surgical removal of the 
p¥imary transplanted tumor resulted in the cure of many 
animals. After metastases had developed, surgical treat- 
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ment was ineffective. Chemotherapy with cyclophos- 
phamide as an adjuvant to surgical treatment was more 
effective than either treatment alone.' More recently, 
however, there have been reports of complete regression 
of the Lewis lung tumor using only combination chemo- 
therapy consisting of cyclophosphamide and semustine.? 

The experiment reported here was designed to deter- 
mine whether a form of immunotherapy could be effective 
against the growth of Lewis lung tumor without surgical 
removal of the primary tumor. 


MATERIALS AND METHODS 


One hundred one BDF, mice weighing between 25 and 33 gm 
were subcutaneously implanted with a 25-mg piece of Lewis lung 
tumor in the right hind limb. The animals were divided into six 
groups. The animals in group 1 received one dose of BCG (10° or- 
ganisms) intraperitoneally on the day of tumor implantation. 
Group 2 animals received one dose of BCG (10° organisms) intra- 
lesionally ten days after tumor implantation, when the tumor 
weight was less than 400 mg. Group 3 received one intraperitoneal 
dose of 0.3 ml of serum from tumor-bearing animals. Group 4 re- 
ceived one dose of 24 mg/kg of body weight of semustine and 150 
mg/kg of body weight of cyclophosphamide seven days after tu- 
mor implantation, according to accepted protocol. There were two 
control groups. One received one intraperitoneal dose of 0.3 ml of 
0.9% saline and the other was untreated. All animals were killed 18 
days after tumor implantation. 


Preparation of Serum 


A 25-mg piece of Lewis lung tumor was injected into the right 
hind limb of 20 BDF, mice; the animals were bled after 14 days. 
The fresh blood was allowed to stand for 24 hours at room tem- 
perature and clot was separated from the wall of the test tube 
with an applicator stick. The tubes of blood were refrigerated 
overnight to permit clot contraction, and then centrifuged at 1,000 
g for 30 minutes. The serum was then collected and administered 
to the mice as described above. 


Metastatic Lung Tumor Assay 


The lungs of the mice without gross lung tumor disease were 
minced and injected subcutaneously into normal mice. The recipi- 
ents were then observed for development of tumor. 
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RESULTS 


Data on the growth and spread of the Lewis lung tumor 
after subcutaneous implantation into BDF, mice are pre- 
sented in the Table. 

In 14 of 20 mice treated with chemotherapy there were 
no primary tumors. Of the six in which tumor developed, 
five had metastasis (P < .01). In contrast, animals treated 
only with systemic BCG or serum from tumor-bearing an- 
imals did not show any difference in tumor growth and 
spread from either of the control groups. However, in the 
group that received BCG intralesionally, the growth of 
primary tumor was retarded: mean weight was 5.97 gm 
compared to 7.65 gm in the controls (P < .05). Intrale- 
sionally administered BCG did not, however, affect the ex- 
tent of metastases. 


COMMENT 


The Lewis lung tumor system we chose for this series of 
experiments is a simple, practical, and realistic model for 
the study of primary as well as metastatic tumor growth. 

The effect of systemic BCG on the development and 
growth of spontaneous mouse mammary tumor and its 
early isologous transplants have been reported, and our 
findings correlate with these data.’ 

Serum from animals with growing tumor has been pos- 
tulated to contain a factor that enhances the activity of 
macrophages. Although it has been shown that this serum 
can suppress metastatic spread of some tumors, it has no 
effect on primary or metastatic Lewis lung tumor. 


Comparative Data on Various Modes of Treatment of BDF, Mice Implanted with 25 mg of Lewis Lung Tumor 
Senseo ene pes sone ees so 


Group Treatment No. of Mice 
1 BCG (107 organisms) 
intraperitoneally 17 
2 BCG (107 organisms) 
intralesionally 18 
3 Serum from tumor-bearing 
animals intraperitoneally 18 
4 Semustine & cyclophosphamide 20 
Saline intraperitoneally 13 











No. With No. With Average 
Primary Metastatic Primary Tumor 
Tumor Lung Tumor Weight, gm 
17 17 7.64 
to“) 18 5.97 
18 18 7.73 
6 5 0.24 
13 13 7.68 


7.63 


Investigations concerning intralesional BCG adminis- 
tration have been for the most part carried out in mela- 
noma and little is known about this mode of treatment in 
other malignant neoplasms. Our findings suggest that in- 
tralesional injection of BCG retards the growth of pri- 
mary Lewis lung tumor in BDF, mice. 

Systemic BCG and serum from tumor-bearing animals 
as used in this experiment had no effect on the growth and 
spread of Lewis lung tumor, whereas intralesionally ad- 
ministered BCG substantially retarded primary Lewis 
lung tumor. Although less effective than chemotherapy for 
the eradication of Lewis lung tumor, the value of intra- 
lesionally administered BCG as a primary tumor retard- 
ant is obvious and should be evaluated further. 


This investigation was supported by the VA West Side Hospital, Chi- 
cago, and the Fayette County United Fund. 
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Discussion 


NICHOLAS COLAPINTO, MD, FRCS (C), Toronto: I have spent a 
fair bit of time working with BCG in small animal models and 
have found its nature to be quite capricious. I speak not in crit- 
icism of this paper, but I believe it is important to point out that 


te properly assess systemic BCG adjuvant effects, time:dose: 


response curves are necessary. I say this because I have found in 
my work that the amount of BCG given and the timing of admin- 
istration can have a crucial effeet on what alterations will be pro- 
duced in the immune response. In fact, in some instances an “‘en- 
hancing” effect has been produced. In other words, before one can 
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draw conclusions regarding the effect of systemic BCG in any ex- 
perimental situation, the time kinetics must be fully worked out. I 
thus suggest that this particular experiment be continued with 
variations in time and dosage to further assess BCG effect in this 
model. 

Dr. GREAGER: Dr. Colapinto’s statement was well taken. Spon- 
taneous tumor work has been done in many places, and I think the 
time of dose does not really matter very much in spontaneous tu- 
mor. In a carcinogen-induced tumor, sometimes I think there is 
great variability in dose and time of administration. 
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Implications of Suspicious Findings 





in Breast Cancer Screening 


J. David Lewis, MD; John R. Milbrath, MD; Katherine A. Shaffer, MD; Jerome J. DeCosse, MD 


Breast cancer screening, performed on asymptomatic women ` 


over 35 years of age, has identified 32 breast cancers in 30 of 
4,500 women screened. Screening included a physical examina- 
tion by trained technologists, thermography, and xeromam- 
mography. This represents 26% of the biopsies performed (116). 
Results of xeromammography were suspicious in 24 cases 
(80%), and results of physical examination were suspicious in 11 
(37%). Only six were suspicious by both methods, with one other 
having changes that were considered benign. Fourteen (44%) 
were microinvasive or noninvasive. Only two (6%) had axillary 
metastases. Breast cancer detected by screening is in its 
“early” stages and is usually well localized. Operative manage- 
ment, including removal of the entire breast, has a significant 
potential for cure. Thirty patients with changes considered sus- 
picious have not yet had biopsies. Improved overall survival de- 
pends on appropriate management of all patients screened. 


eg detection and increased survival in patients 
whose breast cancer was discovered by screening 
methods resulted in American Cancer Society- and Na- 
tional Cancer Institute-sponsored breast screening pro- 
grams. These programs are designed to further improve 
and popularize screening techniques. Since curability of 
breast cancer correlates with the size of the primary tu- 
mor and the presence or absence of lymph node involve- 
ment,” benefits from screening programs can be esti- 
mated. This report describes our early experience with 
such a program. 

Screening was performed on asymptomatic women over 
35 years of age. It included a physical examination by 
trained technologists, thermography, and xeromammog- 
raphy. Abnormalities noted on physical examination 
were confirmed and evaluated by a physician. Results 
from each method were evaluated separately before all 
three were integrated, in order to arrive at a conclusion 
regarding probable diagnosis and recommendation for 
treatment. A summary was then sent to the patient’s phy- 
sician. If normal, the patient was so notified; if abnormal, 
other than on thermography, the patient was advised to 
contact her physician. 


RESULTS 
Of the first 4,500 women screened, 165, or 3.67%, had 


changes considered as suspicious for cancer. Of 136 pa- 
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tients undergoing breast biopsy, 30 proved to have cancer. 
This resulted in a rate of 0.67% of all the patients 
screened, and 22% of those patients who underwent biop- 
sies (Table 1). Of the patients with cancer, 12 were abnor- 
mal and 15 were normal on thermography. Three were not 
evaluated by this method because of previous mastec- 
tomies. Results of mammography were suspicious in 24 
patients, and results of physical examination were sus- 
picious in 11 patients. In only six patients were results of 
both mammography and physical examination suspicious. 
One patient with cancer had a biopsy recommended for 
changes considered benign on both physical examination 
and mammography. Two patients had bilateral carci- 
nomas. Two other patients had two histologically differ- 
ent malignant neoplasms in the mastectomy specimen. Of 
the 34 breast cancers, 16, or 47%, were microinvasive or 
noninvasive (Figure and Table 2). Only two patients had 
axillary metastases; one of these had less than four lymph 
nodes involved (Table 3). Ages were distributed relatively 
evenly between the fifth, sixth, and seventh decades, with 
12 patients being under 50 years of age. Results of mam- 
mography were suspicious in ten of the 12 patients in this 
group. In addition, results of mammography proved sus- 
picious in five of eight patients in the 50 to 59 year age 
bracket and nine of ten patients between the ages of 60 to 
69. 

Management of patients with small cancers has varied 
considerably. One patient had a partial mastectomy for a 
noninvasive papillary carcinoma. Five simple mastec- 
tomies were performed, all for noninvasive cancer. Six 
radical and 22 modified radical mastectomies were per- 
formed. Four patients had bilateral procedures, two have 
bilateral malignant neoplasms, and two having “pre- 
malignant” changes in the second breast. Both patients 
with lymph node involvement had modified radical mas- 
tectomies. 

Currently, 30 women with suspicious findings have not 
had biopsies. Two of these had repeated suspicious mam- 
mographic findings, and refused further evaluation. Six 
have seen their physicians, who refuse to perform biopsy 
examinations on nonpalpable lesions. Two patients had a 
breast biopsy that did not include the suspicious area, In 
one, rebiopsy demonstrated breast cancer. Nineteen pa- 
tients with changes initially considered suspicious had res- 
olution of these findings during a subsequent visit (Table 
1). Most of the patients had suspicious findings on physical 
examination and, therefore, were seen by a physician on 
both visits. 
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Table 1.—Results in Patients With Findings 
af | Considered Suspicious on Screening 
- Reason for Recommendation 















X Biopsies Mamm- Physical 
Ue Recom- ography Examination 
A | mended Alone Alone Both 
ti Total 165 85 69 11 
= | Malignant 30° 18 5 6° 
= | Benign 86 41 43 2 
x aM Findings resolved 
‘ee | withrescreening 19 5 14 0 
= [Pending 30 
te x * One patient had a biopsy recommended for changes considered 
= tobe benign. 
4 X 
aa COMMENT 


Systematic screening helps detect breast cancer in its 
“earlier” stages. Detection of early breast cancer by 
= screening should improve the treatment of breast cancer. 
= The combination of xeromammography and physical ex- 
= amination identified 32 breast cancers in 30 of the first 
_ 4,500 women screened. Sixty percent of the patients with 
cancers identified had no mass that was palpable by a 
= technologist. Conversely, 16% had no abnormalities on 
+ xeromammography. Both methods contribute to the dis- 
= Covery of early breast cancer. Improved survival depends 
= Oon appropriate management. 


Thermography 


Thermography, reputed to provide a mechanism for lo- 
cating breast cancer by noninvasive techniques,’ has 
= been positive in our experiences in 20% to 25% of the pa- 
= tients studied, irrespective of the presence or absence of 
= breast pathology. Thermography would represent a valu- 
= able screening approach if it included virtually all of the 
cancers to be found. A yield of only 44% of the cancers in 
this group raises serious question about the role of 
thermography in screening projects. In spite of reported 
~ enthusiasm,’ its use as a sole screening device appears to 
= be without justification. 


Xeromammography 


The use of mammography, i in any form, has provided an 
obvious refinement in the diagnosis of breast cancer. Re- 
ports of 80% accuracy in the diagnosis of cancer and of 
over 90% accuracy for benign lesions? have generated con- 
siderable enthusiasm toward use of mammography as a 
specific diagnostic tool. Our results demonstrate a major 
= role for xeromammography in the diagnosis of breast can- 
= cer. The noticeable incidence of cancer identified in xero- 
mammography, with normal physical examination, con- 
firms its use as part of routine screening. Nevertheless, 
the identification of five breast cancers on physical exami- 
nation, despite normal mammography, emphasizes the ne- 
cessity for histological evaluation of breast masses, even 
if mammography is interpreted as normal. 
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Table 2.—Type of Malignant Neoplasms Discovered 


Type of Malignant Neoplasm No. of Malignant Neoplasms 


Noninvasive 
Intraductal 8* 


Lobular carcinoma in situ 5° 


Microinvasive 
Intraductal 


Invasive 
Intraductal A R 


Ductular adenocarcinoma 
Lobular 
Stromal sarcoma 





* Two patients with both intraductal and lobular carcinoma in situ 
identified. 





Table 3. —Proven Cancers: Extent of Local Lesions, 
Lymph Node Involvement 










-© Microinvasive 
Noninvasive 






* Four patients with incomplete or no sampling of axillary nodes. 


Despite assertions to the contrary, mammography is 
productive under the age of 50, as previously mentioned. 
Wolfe’s report, using xeromammography, confirms these 
observations. We have seen increased efficiency in the 
identification of cancers in this younger age group. Per- 
haps it is explained by the use of xerographic technique. 

A primary concern of patients and physicians regarding 
mammography involves the problem of radiation expo- 
sure. Reports relative to dosimetry’’* estimate exposure 
of 0.5 to 25 roentgens to the skin with each exposure. 
Xeroradiography requires 0.5 to 2 R per exposure." Radia- 
tion exposure in our unit involves 1.7 R skin dose per expo- 
sure, with an average total of 5.1 images per visit. Expo- 
sure of the eyes and gonads has been found to be 
negligible." The amount of radiation involved varies 
considerably according to equipment and technique. 


Physical Examination 


Physical examination has a proved role in the detection 
of breast cancer. Periodic physical examination has pro- 
vided a mechanism for earlier diagnosis of cancer," and 
continues to detect unsuspected mammary cancer. Use of 
trained technologists instead of physicians for the physi- 
cal examination is a unique aspect of this project. While 
providing more efficient use of medical personnel, this, , 
nonetheless creates the question of accuracy in terms of 
the physical examination. On the initial physical examina- 
tion, only 30% of the cancers detected were considered pal- 
pable by the technologist. This is considerably less than 
the 55% reported by Venet et al in the Health Insurance 
Plan (HIP) Screening Study, using physicians for ethe 
physical examination. The only comparison possible, rela- 
tive to evaluation of these physical examinations, involves 
those patients positive on xeromammography, but normal 
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Top, Characteristic xerommamogram in patient with noninva- 
sive cancer, showing cluster of calcifications. Bottom, Repre- 
sentative photomicrograph of changes seen with noninvasive in- 
traductal carcinoma. 
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on physical examination. Of 40 patients with carcinomas 
on mammography alone, Venet’s group found that 22 
were definitely palpable on reevaluation, only eight had 
definitely negative examinations, and ten were considered 
indeterminate. We had a group of 18 patients with sus- 
picious mammography results and normal physical exami- 
nation results. After evaluating the patients with the 
knowledge of mammography results, the patients’ private 
physicians believed that nine carcinomas were palpable, 
eight were nonpalpable, and one was indeterminate. This 
favorable comparison is encouraging, combined with an 
overall yield comparable to other screening projects 
(0.67%), in which physicians conducted the physical exami- 
nations. 


Patient Management 


In patients with suspicious mammography results but 
normal physical examination results, special techniques 
are necessary. Preoperative mammography, with skin 
markers in place, is frequently helpful in triangulating 
the location of the lesion. A roentgenogram of the speci- 
men must be taken to be certain that the area of concern 
is within the biopsy specimen. After sectioning, a roent- 
genogram of the specimen is once again taken. The area 
of abnormality is marked by the radiologist, and it is then 
submitted for histological evaluation. If cancer is identi- 
fied, appropriate therapy can be provided. With any un- 
certainty about excision of the mammographic abnormal- 
ity, postoperative mammography is indicated. 

The high incidence of noninvasive and microinvasive 
carcinomas in this group suggests that less extensive sur- 
gery might be effective management of nonpalpable can- 
cers. Long-term follow-up of lobular carcinoma in situ 
(averaging 17.5 years), as reported by Wheeler et al," sug- 
gests that mastectomy may indeed be unnecessary. Only 
one patient of 25 developed invasive carcinoma in a breast 
with previously demonstrated lobular carcinoma in situ. 
Interestingly, three patients in this group developed con- 
tralateral invasive carcinoma. In contrast to this and stud- 
ies from Britain demonstrating comparable results with 
total versus radical mastectomies," "8 the observations of 
Urban” illustrate that 50% of the patients with noninfil- 
trating intraductal carcinomas had residual carcinoma in 
a mastectomy specimen after an initial biopsy. Ten per- 
cent of the patients had positive axillary nodes. This gen- 
erates considerable concern about operative procedures 
that do not encompass these areas. In a follow-up study on 
patients with modified radical mastectomies for early 
breast cancers,” 52% of the mastectomy specimens had 
residual carcinoma after an initial “generous” biopsy. In 
addition, 16% of the patients with minimal infiltrating and 
clinically negative nodes had axillary micrometastases. 
These studies are consistent with the observations of 
Gallagher and Martin, suggesting that breast cancer is not 
a focal process, but a systemic disease that affects breast 
epithelia diffusely. In spite of survival studies that 
suggest that residual carcinoma found in the breast is not 
clinically significant, if one is to accept the desirability of 
excising clinically occult cancers found on mammography, 
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- consistency suggests that other areas of potential involve- 
_ ment be removed as well. In light of this, total mastectomy 
with axillary dissection appears to represent the best 
_ potential for cure in these patients. 


CONCLUSIONS 


1. Breast cancer screening, using xeromammography 
and physical examination, has detected breast cancer in 


2 _ 0.67% of the women screened. 


2. Cancer was found in 22% of recommended breast 


_ biopsies. 


3. A suspicious change noted on either xeromam- 
mography or physical examination alone is sufficient to 


- warrant biopsy. 


4. Specimen roentgenography is essential to identify le- 
sions detectable on mammography alone. 
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Discussion 


Cuaupe R. Hitccock, MD, Minneapolis: I wish to discuss this 


_ paper in three specific contexts. First, I want to stress the impor- 


tance of this study. You are all aware that the National Surgical 
Adjuvant Breast Project, led by Dr. Bernard Fisher in Pittsburgh, 
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has been under way for some years. It has tested the farther end 


of the spectrum: the treatment of patients with the disease, using 
controlled clinical studies in a randomized fashion. There are now 
about 38 hospitals in the country involved. ° 

Dr. Lewis and co-workers are pushing at the other end of the 
spectrum to test whether we can truly screen an asymptomatic fe- 
male population and improve our results. I think we can, and I be- 
lieve that in the next few years we are going to learn a great deal. 

From 1968 to 1969, I directed a study in Minneapolis, testing 
whether or not thermography alone could be used to screen 
asymptomatic women for breast cancer. We studied 2,300 women 
taken from the population. They underwent a physical examina- 
tion, and then the thermograms were done. The thermograms | 
were read by two different people: one person in Minneapolis, and 
the second person, a leader of this method of examination, Dr. Jo- 
hann Habermann. As we reported this study in 1970 in JAMA, we 
found thermography to be too nonspecific. It had far too many 
false-positives as well as false-negatives, and the reading of the 
films was accurate only about 50% of the time. So, I, too, think 
thermography in and of itself has very little role to play. 

Xeromammography is a different matter. I could not support 
more strongly what has been shown here. I find those 18 cases fas- 
cinating, because a little over a year ago I started my own per- 
sonal study in my own hospital. Women who come into our clinics 
with any kind of problem get a xeromammogram of their breasts 
if they will submit to it. We are also finding these very small le- 
sions, almost the duplicate of what Dr. Lewis showed, and the 
breast palpation is negative. 

We are taking these lesions out just as you are. We are making 
double studies, both superior and inferior, and lateral to medial. 
We pinpoint the lesion in the terms of the quadrant of the breast. 
We remove that quadrant, and send it down for specimen study. 
The pathologist then checks it. We are finding very small cancers. 

Whether or not we are going to be able to noticeably push up- 
ward those figures that you showed is hard to say, but I believe we 
are headed in the right direction. 

JERRY C. ROSENBERG, MD, Detroit: At Hutzel Hospital, which is 
affiliated with Wayne State University, we work with Dr. John 
Wolf, who is one of the innovators of xeroradiography for breast 
cancer screening. It is uncanny the way he can detect these small 
breast lesions. Not only is one unable to palpate them, but the sur- 
geon cannot even see many of them on the xeroradiogram. 

We are concerned about the significance of the noninvasive and 
microinvasive carcinomas that are detected. When the pathologist 
says that these lesions are malignant, should we immediately pro- — 
ceed as we always do with a malignant lesion? Do lobular or tubu- 
lar carcinomas have the same biologic malignant potential that 
the invasive adenocarcinomas of the breast have? Do they merit 
the same kind of radical surgery that we believe invasive adeno- 
carcinomas should have? . 

The literature is very confusing concerning the malignant po- 
tential of in situ carcinoma of the breast. I noticed that approxi- 
mately half the lesions you picked up in the screening procedure 
were of this variety. 

If we start doing xeroradiography, or any kind of roentgen- 
ographic screening procedure with a patient who is 35 years of. 
age, and advise that it be done every year, will this constitute a 
radiation risk? There are dangers to radiation. There are reports — 
of women who have undergone extensive fluoroscopy during treat- 
ment of tuberculosis who have developed a high incidence of carci- 
noma of the breast. How long can we continue doing roentgen- 
ographic examinations of a woman’s breast without incurrigg a 
hazard? 

ALEXANDER J. WALT, MD, Detroit: You probably have cost-ac- 
counted the project, pursuing the national obsession of the nto- 
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ment. If every woman is entitled to mammography, what would it 
cost the country? 

I would also like to inquire if you have been doing your biopsies 
as inpatient or outpatient procedures? If inpatient, how long do 
you keep them, and what does it cost the woman? 

You performed biopsies on 20% of the lesions. Is there a reason- 
able figure that you have fixed as the percentage of positive 
biopsies we should get in an institution? I understand that since 
the well-publicized breast operations of recent months, virtually 
every surgeon in the country has had an increased number of 
people coming to him. If one has a xeroradiographer who is loose 
in his diagnostic criteria and says, “It is slightly suspicious, but I 
am not sure,” that puts the onus very squarely on the surgeon, 
and the patient is understandably disturbed. Consequently, the 
number of breast biopsies across the country has risen steeply. By 
the same token, the number of negative breast biopsies also has 
risen steeply. Is there a reasonable sort of figure? 

I would like to make one comment. All that is calcification on the 
xeroradiogram is, of course, not cancer. It seems from loeking at 
our figures that probably only one third of all calcifications are 
cancer, and the other two thirds are either chronic cystic mastitis, 
ductal stasis, and so on. 

CHARLES WRIGHT, MD, Saskatchewan, Canada: We have had 
questions relating to the cost and the possible risks, but there ap- 
pears to be an implicit assumption that this procedure is benefi- 
cial. I do not believe that has been shown. In the series quoted, 
62,000 women were screened, of whom 56 died of breast cancer; 
and in a controlled population, 88 died. In other words, 62,000 
women were screened for what was of possible benefit to 30 
women. I say “possible” because there are clearly many other fac- 
tors that must be taken into consideration. 

For example, women undergoing screening are presumably 
being very carefully followed up in every respect. I will be inter- 
ested to hear the answer to the question regarding cost. When we 
get down to cost effectiveness in this area, I am appalled by the 
implications. I wonder whether we should be going ahead with the 
assumption that the overall result of these equations is that this 
procedure is beneficial. 

Ropert C. Hickey, MD, Houston: I have one question to add to 
those of Dr. Walt. There were 4,500 patients. As I understood it, 
the yield was 6.7 per 1,000, but I am not sure at what point in the 
five-year study we are at the present time. 

Dr. Lewis: We now have had two patients who have had 
biopsies of mammographic findings and have returned for follow- 
up, and they still had their mammographic findings. One of these 
patients has since undergone a second biopsy examinatien, and 
she indeed did have a malignant neoplasm, and is in that group of 
30 patients. This is still pending in the other patient. This 
reemphasizes the necessity of specimen roentgenography, as well 
as being sure that you have the area you are talking about when 
you do the biopsy. 

There is some concern on our part relative to control of tech- 
nique as far as breast biopsies are concerned. We get reports back 
from the pathologists. If the report comes back that the tumor is 
benign, we accept it as benign. In patients who fall within this 
gategory, it is also well within the realm of possibility that a 
biopsy specimen could be taken that includes the area of concern. 
However, if you have not made sure the pathologist has looked at 
that specific area, you do not know that the pertinent diagnosis 
has been made. Specimen roentgenography, roentgenography of 
the sections involved, and assurance that the microscopie eval- 
uation is in the area of the calcifications are partieularly 
important. 

I have to agree with reservations about the significance of some 
of the lesions we are finding. There has recently been a study, out 
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of Philadelphia, that involved long-term follow-up of lobular carci- 
noma in situ, averaging about 17% years per patient. I believe it 
came to about 25 patients, of whom, during this long-term follow- 
up, one actually developed invasive carcinoma in the breast of con- 
cern. Interestingly enough, three of them developed invasive car- 
cinoma of the other breast. I do not think I am quite ready to go 
ahead and remove the other breast, and leave the original one in 
place. 

At the same time, I think when one reflects on this subject, it is 
necessary to look at other figures. Some of the studies that have 
come from Dr. Urban’s group have pointed out that in lesions that 
have been diagnosed as noninvasive or microinvasive, axillary 
lymph node involvement runs in the neighborhood of 5% to 10%. I 
do not think the answer is really available to us at this point. We 
need long-term follow-up. 

My particular attitude relative to management of these pa- 
tients is reflected in our approach to the breast once we have this 
diagnosis. Again, we do not have control over the treatment of 
these patients. One patient in this group has had a partial mastec- 
tomy for an intraductal papillary carcinoma. The vast majority 
have had modified radical mastectomies, and six have had radical 
mastectomies. If you accept the significance of the finding on 
mammography, if you say an intraductal carcinoma found on 
mammography is important and that section of the breast should 
be removed, then the incidence of similar lesions in the remainder 
of the breast tissue demands that the entire breast be removed. I 
am not satisfied with a partial mastectomy on the basis of an in- 
traductal carcinoma. Again, from Urban’s figures, close to 50% of 
the breasts removed after initial generous biopsy will illustrate 
residual carcinoma in such a situation. 

I cannot give a specific figure relating the cost of our project. 
One of the reasons the project exists is to try to develop spin-off 
programs in areas, and we have a number of programs in the Mil- 
waukee area. The cost for patients who have xeromammography 
and mammography runs from $35 to $50 for the examination. 

I do most of my biopsies on an outpatient basis under local an- 
esthesia. That includes wedge resections when I am looking for 
nonpalpable lesions. 

Referring back to the HIP study, just so the numbers do not be- 


come confused, the point is well taken. Thirty-one thousand 


women were offered screening. Thirty-one thousand women were 
in the control half, and were followed-up, but were not screened. 
It is a difference of the 31,000 who were offered physical examina- 
tion and mammography vs 31,000 other women who were not of- 
fered these modalities, but were followed up in the usual manner. 
Not all of the 31,000 women actually were screened; it is just that 
it was offered to these 31,000 women. We are talking in terms of 
20,000 to 25,000 who actually had continued follow-up. 

There is no question that cost-effectiveness has entered into 
such a situation, but that answer is not available. It certainly is 
not going to arrive from a study of 4,500 women. Our particular 
group goes to a total of 10,000, but as you look around the country, 
there are 27 centers duplicating our efforts. With 250,000 to 
275,000 women screened, I think they will be in a better position to 
give us an answer as far as that is concerned. 

The one other question I have not discussed that goes along 
with this is the problem of dosimetry. With xeroradiography, we 
have a midbeam skin dose in the range of 1.7 to 2.5 R for each 
view taken. We average 5.1 views per visit. With views of one 
breast, radiation exposure to the opposite breast approximates 0.3 
to 0.4 R. As a result, total radiation to each breast is considerably 
less than the total number of views times the maximum dose 
(5.11.7 to 2.5). Total exposure is approximately 3 to 4 R. Expo- 
sure of the gonads and eyes to radiation has been determined to 
be nil in this particular approach. 
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One hundred forty-eight cases of colon carcinoma were sub- 


=~ jected to further pathologic study. Survival was correlated with 
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stage and grade of the tumor and with the number of involved 
lymph nodes. In addition, cases were assessed as to the extent 
of local chronic inflammatory reaction about the lesion and the 


E degree of sinus histiocytosis in draining lymph nodes. 
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A correlation was possible between grading, staging, extent of 
lymph node involvement, and survival. A substantial difference 
in five-year survival was shown when local inflammatory reaction 


“f = was present and when sinus histiocytosis was observed. The 


y ~ presence of both of these factors further improved survival. 
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An adequate evaluation of these factors, both individually and 
in combination, should improve our ability to assess prognosis 
in colon cancer. 


_ F¥Nhkhe prognosis in colon cancer has been correlated 


with both the histologic grading of the primary carci- 


a H noma and the extent of spread of the lesion at the time of 


= Surgery.’ It is, however, recognized that the progress of a 
= neoplastic process is not only dependent on the intrinsic 
_ malignancy of the growth but is the result of a balance be- 
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tween tumor aggression and host resistance. 
An inflammatory infiltrate in and around the tumor and 


= sinus histiocytosis in draining axillary lymph nodes have 
= been suggested as morphologic manifestations of host re- 
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sistance and have been shown to be associated with an im- 
proved prognosis in carcinoma of the breast.?° A similar 
relationship was also shown in gastric carcinoma.’ Al- 
though preliminary studies have been made in colon carci- 


~ noma, a direct relationship between the presence or ab- 


sence of these factors and survival has not been 
demonstrated.” 

Additional refinements in our ability to assess prognosis 
in colon cancer might allow a more intelligent utilization 
of adjuvant therapy, both immunotherapy and chemother- 
apy, in those situations where the outlook might be con- 
sidered poor. 

We have recently reviewed 760 cases of colon and rectal 
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cancer treated at the Montreal General Hospital between 
1959 and 1967. From a reexamination of this material, we 
have attempted to assess the relative importance of sev- 
eral pathologic factors in the prediction of prognosis in co- 
lon cancer. 


PATIENTS AND METHODS 


A total of 760 cases of carcinoma of the colon and rectum were 
originally reviewed. Three hundred five cases of carcinoma of the 
rectum or rectosigmoid colon were not considered for further 
pathologic study as it was believed that local recurrence, a fre- 
quent problem in these locations, might make comparison with 
other areas in the colon difficult with respect to long-term sur- 
vival. 

There remained 455 cases of adenocarcinoma of the colon and, 
of these, 287 or 63.1% were considered at operation to have been 
subjected to a potentially curative surgical resection. The remain- 
der, for a variety of reasons and entirely in the judgment of the 
operating surgeon, were considered to have undergone palliative 
resection. 

Table I shows the pathologic staging of these tumors according 
to the classification of Dukes: stage A, tumors limited to the wall 
of the colon; stage B, tumors extending through the wall of the 
bowel; and stage C, tumors showing lymph node involvement with 
tumor. Those patients who died as a result of the operation were 
not considered in calculating five-year survival. Crude five-year 
survival figures have been utilized in that patients were consid- 
ered as survivors whether tumor was present or absent and as 
dead irrespective of cause of death. 

The 80 stage C patients who survived operation were considered 
for further pathologic analysis. In two cases, pathologie sections 
were unavailable for study. A complete study was possible in only 
67 of the remaining 78 as lymph node changes were assessed only 
in those nodes that were uninvolved by tumor and no tumor-free 
nodes were available in 11. Where possible, then, the 78 patients 
were reexamined with respect to (1) the histologic grading of the — 
primary tumor, (2) the presence or absence of sinus histiocytosis 
in lymph nodes uninvolved with tumor, (3) the presence or absence 
of a chronic inflammatory reaction about the tumor, (4) the num- 
ber of lymph nodes involved in metastatic disease, and (5) sur- 
vival. 2 

Seventy stage B tumors were examined in a similar fashion. 
These had been the subject of a previous study and comprised two 
subgroups of the total number of stage B cases: those in the un- 
der-50 age group and those in the 60 to 70 age group. As survival 
figures have been compared within these groups, it was not be- 
lieved that a seleetion of this type would prejudice results. As no 
lymph node involvement by tumor was present in these patients, 
only four of the five indexes could be assessed. In only 63 of the 70 
cases were lymph nodes available for histologic study. G 
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3 stage B (P<.1), were not statistically significant in 
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KARMEA examination was carried out TARG, the study 


without information as to the final result being available until all 


of the material had been reviewed. 
Tumor Grading 


The primary carcinomas were divided into three histologic 
grades of malignancy according to the degree of differentiation of 
glands, the degree of nuclear and cellular pleomorphism, and the 
mitotic activity. Grade 1 tumors (low grade) showed the highest 
degree of differentiation and the lowest degree of pleomorphism 
and mitotic activity. Grade 2 (average) and grade 3 (high) tumors 
were increasingly less well differentiated and showed higher de- 
grees of pleomorphism and mitotic activity. Morson and Dawson’ 
and Wartman’ described a similar method of histologic grading. 


Sinus Histiocytosis in Lymph Nodes 


Only lymph nodes free of metastatic tumor were assessed. Ini- 
tially, the 0 to 4+ grading of Black et al? was used. As others have 
found,’** the degree of sinus histiocytosis in any one patient 
sometimes varied between lymph nodes and even within the same 
node. In such instances, the practice of other workers was 
adopted, the classification being made according to the greatest 
reaction present. Grade 0 showed no sinus histiocytosis. In grade 
1+, the sinusoids contained only a few scattered histiocytes; in 
grade 2+, sinusoids were well defined and histiocytes formed a 
layer three to six cells thick: grades 3+ and 4+ showed increas- 
ingly greater numbers of histiocytes, with encroachment into the 
cortical regions of the node. 





Table 1.—Results in 287 Patients Undergoing Curative 
Resection for Carcinoma of the Colon 













Operative Five-Year 
No. Deaths Survival 
A 23 2 17 (81%) 
176 10 104 (62.6%) 






8 39 (48.7%) 





_ Table 2.—Relation of Tumor Grading to Five-Year Survival 


Stage B Stage C 


Survival 

8 (72.7%) 
23 (48.9%) 

7 (35%) 


Survival 
6 (75%) 
39 (78%) 
6 (50%) 


No. 
8 
50 


12 


Table 3.—Relation of Sinus Histiocytosis 
to Five-Year Survival* 


Sinus Stage B Stage C Total 
Histio- 
cytosis No. Survival No. Survival No. Survival 
Present 18 17 (94.4%) 25 16(64%) 43 33 (76.7%) 
_ Absent 45 31 (68.9%) 42 20 (47.6%) 87 51 (58.6%) 


i Differences in survival were almost statistically significant in 
stage C 
and were statistically significant in stages B and C 
combined (P<.05). ~ 
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Patients were finally classified into two main groups: grades 0-1 
being categorized as “sinus histocytosis absent” and grades 2+ or i 
higher as “sinus histiocytosis present.” Be 


Local Inflammatory Reaction About the Tumor 


This reaction was assessed according to the degree of cellular — 
infiltration about the invading margins of the tumor away from _ 


any area of perforation or abscess formation. The extent of des- — : 


moplastic reaction was not considered for the purposes of this as- 
sessment, the infiltrating cells comprising lymphocytes, plasma — 
cells, and mononuclear phagocytes. No attempt was made to as- 
sess the relative predominance of any cell type. The assessment 
was not based on a single site, but on the summation of changes — 


around the entire tumor margin. Initially, the grading 0 to 4+ fon S 


Black et al’ was used. Grade 0 cases showed no eellular reaction 


around the tumor and grade 1+ showed a few scattered in- — 


flammatory cells. In grade 2+ cases, there were definite collec- 
tions of inflammatory cells around the tumor. Grade 3+ and 4+ 
cases showed increasing numbers of inflammatory cells. 

Patients were subsequently divided into two main groups: 
grades 0-1+ were considered to have no local inflammatory re- 


reaction. 


Where appropriate, the significance of relationships was tested e 


by the x? expectancy test, using Yates’ correction when necessary. 


RESULTS 
Histologic Grading 


The five-year survival rates in relation to the pathologic | 
grading of the tumors are presented in Table 2. An in- 
verse relationship between grading and survival was ap- 
parent in stage C tumors. Survival was similar for grades 1a 
l and 2 in the stage B group. Grade 1 stage C tumors 
showed a better survival than grade 3 stage B tumors, and 
grade 2 stage C tumors showed a survival comparable to 
that of grade 3 stage B lesions. 


Sinus Histiocytosis in Lymph Nodes 


Of a total of 130 cases suitable for study, 45 were grade 


0, 42 were grade 1+, and 41 were grade 2+. Two cases 
were graded 3+ and none were considered 4+. As noted 
above, with grades 0-1+ sinus histiocytosis was consid- 
ered absent and with grades 2+ or greater it was consid- 
ered present. 

Sinus histiocytosis was present in 33.1% of the 130 cases 
examined: 28.5% of 63 stage B cases and 37.3% of 67 stage 
C cases. Although this difference was not significant, the 
trend was for it to be present more frequently as lymph 
node metastases became apparent. Stage C cases with one 
to three nodes involved showed sinus histocytosis in 29.4%, 
while ten of 14 (71.4%) with four or more nodes involved”, 
showed this change. This difference was significant 
(P <.05). There was no obvious correlation between the 
incidence of sinus histiocytosis and the grade of the tu- 
mor. 

The relationship between the presence or absence of 
sinus histiocytosis and survival in all cases and in stages B 
and C is presented in Table 3. For all cases, when stage of 
tumor was not considered, the presence of sinus histiocy- 
tosis was associated with a significantly higher survival 


(P <.05). However, when each stage was considered alone, 
E 
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the higher survival rate in stage B tumors associated with 


_ the presence of sinus histiocytosis (Table 3) just failed to 
= reach statistical significance. The apparently improved 
= survival rate in stage C tumors (Table 3) with sinus his- 


= tiocytosis was not significantly different from that when 
=- sinus histiocytosis was absent. 


Local Inflammatory Reaction 


= Of 148 tumors in this study, ten were grade 0, 60 were 
= grade 1+, 74 were grade 2+, and four were grade 3+. No 


cases were graded 4+. Local inflammatory reaction was 
= Considered absent with gradings of 0 and 1+ and present 
= With gradings of 2+ or higher. 


Local inflammatory reaction was present in 52.7% of the 
_ 148 cases examined: 62.8% of 70 stage B cases and 43.5% of 


; T T8 stage C cases. This difference was statistically signifi- 
= cant (P <.025). Further breakdown of stage C cases ac- 


cording to the extent of nodal involvement showed a pro- 
gressive decrease in the incidence of local inflammatory 
reaction as nodal metastases became more frequent (Fig- 
ure). There was no obvious correlation between the inci- 


4 ~ dence of local inflammatory reaction and the grade of the 


tumor. 

The relationship between the presence or absence of lo- 
eal inflammatory reaction and five-year survival in all 
cases and in stages B and C is presented in Table 4. Im- 
proved survival was noted in these groups when local in- 
flammatory reaction was present, and the differences in 
survival were statistically significant. 


Lymph Node Involvement 


The relationship between the number of lymph nodes 
involved with tumor in the stage C cases and five-year 
survival is presented in Table 5. Those patients showing 
four or more involved lymph nodes were grouped together. 
Again, an inverse relationship was present between the 
extent of lymph node involvement and survival. Only one 


patient with more than five involved lymph nodes sur- 


vived for five years. This patient had a grade 2 tumor with 
12 involved lymph nodes and showed both sinus histiocy- 
tosis and local inflammatory reaction. 


Survival 


An attempt was made to restudy all stage C patients 
who survived operation. Pathologic material was unavail- 


= able in two cases and 38 of the remaining 78 cases sur- 


vived five years (48.7%). 

The stage B patients were selected in that two age 
groups were studied: the under-50 age group and the 60 to 
70 age group. We had previously noted an improved sur- 
vival in the younger patients and, for this reason, survival 
for the 70 patients was higher than for the original stage 
B group. Fifty-one of the 70 patients studied survived five 
years (72.9%), whereas 104 of 166 stage B patients surviv- 
ing operation in the original group were living at five 
years (62.6%). 

Since a better five-year survival was found in the pres- 
ence of either local inflammatory reaction or sinus his- 
tiocytosis, we have attempted to combine these two meth- 
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Stage B Stage-C 1 2 3 
l Nodes 
Decreasing incidence of local inflammatory reaction (LIR) from 
stage B to stage C lesions. Decrease continues as more lymph 
nodes are involved in stage C tumors. 


| 

| 

| 
ods of assessment in Table 6. The increasing survival rates 
when either one or both criteria were present were statis- 
tically significant in all cases and in stage B tumors. If 
both criteria were present in stage B patients, survival 
was 100%. In stage C tumors, the increasing survival rates 
just failed to reach statistical significance. However, the 
survival rate of 76.9% when both criteria were present was 
significantly higher than the rate of 36.4% when neither 
was in evidence (P= .05). 

An improved prognosis in both B and C cases has been 
demonstrated if local inflammatory reaction is present. 
The same was true to a lesser degree for sinus histiocy- 
tosis in lymph nodes. Tables 7 and 8 represent an attempt 
to determine whether these prognostic indicators might 
be useful in further delineating prognosis in groups that 
had been separated by grading, staging, and extent of 
lymph node involvement. Survival was invariably im- 
proved in all grades when local inflammatory reaction was 
present, and usually showed improvement when sinus his- 
tiocytosis was noted. If both of these factors were in evi- 
dence, 26 of 29 patients survived (89.6%) (Tables 6 and 7). 
In Table 8, these factors are seen to be equally useful in 
further delineating prognosis when either one lymph node 
or four or more lymph nodes were involved, but were in- 
consistent in the groups showing involvement of two and 
three nodes. A similar inconsistency was present when 
both discriminants were present. It is recognized that the 
small groups resulting from a breakdown of this type 
make absolute figures less meaningful. In addition, in 
some of these groups, sinus histiocytosis could not be as- 
sessed in all cases because all nodes were involved. 


COMMENT . 


In this study, an attempt has been made to delineate 
certain structural features associated with carcinoma of 
the colon that may influence the outcome of the disease. 
The well-recognized effect of staging on the prognosis of 
this tumor has been reaffirmed. The survival rate wag di- 
minished with increasing histologic grades of malignancy, 
a finding recorded by many workers’ but a feature that is 
not always considered in clinical practice. X 
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Again, increasing involvement of regional lymph nodes 
by metastatic tumor worsened the prognosis in this study, 
a finding in agreement with that of Spratt and Spjut.: 

Sinus histiocytosis was found to be present in 33% of all 
patients, the vast majority showing this change to a mod- 
erate degree (grade 2+). This incidence is much higher 
than the 1% reported by Black and Speer’ in colonic carci- 
noma, but is identical with that found by Wartman® and 
similar to that of 22% found by Fisher et al.’ Such differ- 
ences might be attributed to subjective variations among 
different observers in the interpretation of minimal or 
moderate histiocytic reactions. 

We have found the presence or absence of sinus his- 
tiocytosis to be related neither to the grade of the tumor 
nor to its stage. Fisher et al’ found a similar lack of corre- 
lation. However, Wartman’ found sinus histiocytosis to be 
present more frequently in stage B than in stage C tu- 
mors (46.7% and 12%, respectively) and more frequently in 
grade 1 than in grade 3 tumors (40% and 0, respectively). 
It should be noted that this author had a more modest 
series than the present (15 stage B and nine stage C 
eases). In fact, in the present study, the incidence of sinus 
histiocytosis in stage B patients was identical to that in 
stage C patients when one to three nodes were involved 
but was markedly increased when four or more nodes 
were involved. 

When all cases were considered, the presence of sinus 
histiocytosis was associated with an increased five-year 
survival. This is apparently the first time that this associa- 
tion has been recorded, the previous studies*”’ lacking sur- 
vival data. However, a similar prognostic significance has 
been found for sinus histiocytosis in mammary carci- 
noma.’ A tendency toward a better prognosis was also 
found when the present series was broken down according 
to stage. 

Local inflammatory reaction was found in a total of 
52.7% of all our cases, Wartman’ having recorded an inci- 
dence of 71% and Fisher et al’ 30%. There was no associa- 
tion with the grade of the tumor, a finding in agreement 
with Fisher et al.’ However, there was a significantly de- 
creased incidence of local inflammatory reaction in stage 
C compared with that in stage B tumors, and this trend 
persisted with increasing nodal involvement, ie, the more 
nodal metastases, the less frequent the finding of local in- 
flammatory reaction. This is at variance with the findings 
of Fisher et al,’ who reported more frequent lymphoid in- 
filtrates of primary tumors in stage C compared with 
stage B tumors (60% and 9%, respectively) in a total of 26 
patients. 

ə In the present study, the presence of local inflammatory 
* reaction was associated with a significantly higher sur- 
vival rate. This correlation holds true when the patients 
were considered according to stage. Spratt and Spjut? re- 
_ ported that a lack of inflammation at the periphery of pri- 
mary colonic carcinomas is associated with a worse prog- 
nosis. 

This effect of the presence of local inflammatory reac- 
tion was enhanced in both stages of colonic carcinoma 
when associated with sinus histiocytosis in the regional 
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Table 4.—Relation of Local Inflammatory Reaction 
to Five-Year Survival* 








Local 

















Inflam- Stage B Stage C Total ag 
matory i 
Reaction No. Survival No. Survival No. Survival | 
Present 44 39 (88.6%) 34 22 (64.7%) 78 61(78.2%) | 


Absent 26 12 (46.2%) 44 16 (36.4%) 70 28 (40.0%) 


* Differences in survival were statistically significant in stage B- oe 
(P<.0005), stage C (P<.025), and stages B and C combined ~ 
(P <.0005). a 


Table 5.—Relationship Between Number of Lymph Nodes | % i 
Involved and Survival E 











No. of Involved Five-Year 7 
Lymph Nodes No. Survival 3 
1 31 18 (58%) 4 
2 13 7 (53.8%) 7 
3 12 5 (41.7%) 5 
4 7 (35%) 









Table 6:—Relationship of Sinus Histiocytosis and 
Local Inflammatory Reaction to Five-Year Survival* 
















Histiocytosis r 
and Local -A 
Inflam- Stage B Stage C Total -E 
matory “a 
Reaction No. Survival No. Survival No. Survival k 
Both 16 16 (100%) 13 10 (76.9%) 29 26 (89.6%) “a 
Either 27 22 (81.5%) 32 18 (56.3%) 59 .40 (67.8%) A 
CR 


Neither 20 22 18 (42.9%) 


4 : 

* Differences in survival were statistically significant in stage B | k 

(P <.005) and in stages B and C combined (P <.0005) and were al- 
most statistically significant in stage C (P <.1). 


10 (50%) 8 (36.4%) 42 

















lymph nodes. In stage B patients, their presence together 
in the same patient was associated with 100% survival, re- 
gardless of the grade, and a similar, less marked, effect i 
was seen in stage C patients. In addition, loeal inflamma- 
tory reaction alone or in combination with sinus histiocy- 
tosis, still exerted this effect even when many nodes were 
positive for tumor, and it is of note that the one patient 
with 12 nodes involved who survived showed both features. 

In this study, which explored mainly morphologic char- 
acteristics, the only functional index was that of survival. 
However, on the basis of the above correlations, it may be 
suggested that the histologic grade of the tumor, its 
stage, and the number of nodes involved represent nega- 
tive survival discriminants while local inflammatory reac- 
tion and, to a lesser degree, sinus histiocytosis represent 
positive survival discriminants. In this sense, local in- 
flammatory reaction and sinus histiocytosis may be looked 
on as morphologic expressions of host mechanisms of de- 
fense against the tumor. 

The functional significance of local inflammatory reac- 
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n and sinus Pristioov sais, apart from thoi ARAR 
valu > in predicting survival, are, at present, unknown. 
he: However, there is an ever-increasing accumulation of evi- 
dence for an essential relationship between cancer and 
im munity," and it is likely that host factors of an immu- 
A nologic nature play an important role in determining the 
= outcome of malignant disease. It is tempting to suggest 
3 that the local inflammatory reaction around the periphery 
N of colonic carcinomas represents an immunologic reaction 
_ to the antigenic tumor tending to limit its spread. Pa- 
tients who fail to develop such a reaction, or in whom, for 
E: some reason, it is abolished would be more likely to have 
i more extensive metastatic spread and to have shorter sur- 
$ -- _ vival time. Certainly, the nature of the inflammatory re- 
-action (lymphocytes, plasma cells, and macrophages) is 
Bissnsistent with this concept as is the relative incidence of 
Me local inflammatory reaction between stage B and C pa- 
tients and the decreased incidence in those with many 
7 ~ nodes involved. In addition, the fact that the presence of 
| i local inflammatory reaction is still associated with a bet- 
ter prognosis even when many lymph nodes are involved 
es _ suggests that this change is associated with a more gener- 
alized tumor resistance. More extensive studies correlat- 
kng morphology and immunologic function would be re- 
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Local Inflammatory 


Gaited to fa such a postulate. 

It is agreed by most workers**’ that sinus oero 
is not simply a seavenger reaction in the regional nodes 
draining carcinomas. This, too, may be an expression of 
some immunologic function, although Fisher et al’ failed 
to find a correlation between sinus histiocytosis and in 
vitro lymphocyte transformation in the case of colonic car- 
cinomas. In fact, the functional significance of sinus his- 
tiocytosis is not clear and it is not thought to influence 
the interpretation of the immunologic potential of lymph 
nodes based on morphologic criteria. However, these in- 
vestigators state that it is sometimes associated with a 
lymphocyte predominance pattern in lymph nodes, a pat- 
tern believed to reflect a cell-mediated immune response 
and to be associated with a favorable prognosis in carci- 
noma of breast and uterine cervix. Further structural and 
functional studies of sinus histiocytosis are required to es- 
tablish its possible relationship to immunologic responses 
to carcinoma. _ 

Nevertheless, in this study, sinus histiocytosis does ap- 
pear to have an effect on survival. Certainly, the compo- 
nent cell, the maerophage,’ is important in immune mech- 
anisms; it participates both in the afferent and in the 
effector sides of this mechanism. It may be that sinus his- 


Table 7.—Survival Related to Grading and Reaction: Stages B and C* 


























Reaction (LIR) Sinus Histiocytosis (SH) LIR & SH 
Stage Present Absent Present Absent Present Absent 
B { 5 3 2 5 1 1 
100% 33.3% 50% © 80% 100% 0 
c { 5 6 5 6 3 4 
100% 50% 80% 66.7% 100% 50% 
B { 32 18 11 36 10 16 
87.5% 61.1% 100% 72.2% 100% 62.5% 
c { 22 25 14 30 6 14 
59.1% 40.0% 64.3% 43.3% 83.3% 35.7% 
B { 7 9 5 4 5 3 
. 85.7% 0 100% 25% 100% 0 
c { Tá 13 6 6 4 4 
57.1% 23.1% 50% 50% 50% 25% 
Whole numbers indicate total number of cases in each group; percentages indicate survival rate in each group 
Table 8.—Survival Related to Extent of Nodal Involvement and Histologic Findings: Stage C* 
of Local Inflammatory Reaction (LIR) Sinus Histocytosis (SH) LIR & SH 
Nodes Present Absent Present Absent Present Absent 
16 15 11 18 9 12 
75% 40% 81.8% 444% 77.7% 25% 
8 5 3 9 1 1 
50% 60% 33.3% 55.5% 0 100% 
3 f 3 9 1 9 0 6 
33.3% 44.4% _ 100% 44.4% rie 50% 
| $i” 15 10 4 4 Ee 
80% 20% 50% 50% 75% 66% __ 





> a sidered as precise number of nodes involved was not available. 


x Whole hinnbels indicate total number of cases in each group; percentages indicate survival rate in each atoup: Two patients were not cgn- 


5 


Colon Cancer—Murray et al 










>", ENCE y 


Ro aaa vey ee nee 3 
= “i he o Pi s Hei 


fat SS 


tiocytosis reflects recognition of the foreign antigenic na- 
ture of a colonic carcinoma and, as such, it may be an early 
stagé in the development of host resistance. This may ac- 
count for its association with improved survival and for 
the paradox that it is found more frequently when many 
nodes are involved by carcinoma, a situation presenting a 
large local antigenic load. Alternatively, sinus histiocy- 
tosis may represent an accumulation of macrophages in 





the lymph nodes, immobilized there bd primed to d 
neoplastic cells as a result of lymphocytic activity. 





a 


Finally, it is to be emphasized that this study has shown — y 


certain structural characteristics to influence the eventual 
outcome of colonic carcinoma. These factors are obscured 
when patients are grouped together solely on the basis oË 


staging and may help to identify those patients who 4 


might be amenable to certain forms of adjuvant therapy. — x a 
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Discussion 


CHARLES M. McBripe, MD, Houston: Most of these tests have 
been around since the turn of the century, but this really is the 
first paper that has been able to show a statistical significance be- 
tween sinus histiocytosis, local inflammatory reaction, and prog- 
nosis for cancer. We belong to the “wishy-washy” school in that, 
for a while, we believe in these tests and then, for a while, we do 
not believe in them. We examine the slides on a group of patients 
and it looks good, and then we add the next year’s patients to the 
series and it all falls apart statistically. 

In some cases, sinus histiocytosis has been correlated with the 
EB virus and in others it does not really seem to be a prognostica- 
tor of malignancy. If you study sinus histiocytosis in supraclavicu- 
lar nodes and try to predict whether the patient has a malignant 
neoplasm that has not already involved these nodes, there is no 
correlation. 

The benign condition of histiocytosis with massive lymphade- 
nopathy that occurs in children looked, for a while, as if it corre- 
lated with an immunologic deficiency. Recently, however, a group 
from New Zealand reported on identical twins; one twin had the 
condition and the other did not, but they both had the immuno- 
logic deficiency. 

The reaction around the interface between a tumor and the 
host, I think, is a much more solid prediction. We have been im- 
pressed with the local inflammatory response and started a pro- 
spective study on this 18 months ago. It has not progressed far 


enough to have any statistics but, I think, this is a field that is go- 


ing to show something. 


ə | would like to ask Dr. Hampson a question. There tend to be in- 


creasing amounts of sinus histiocytosis when there are increasing 
numbers of lymph nodes involved by tumor. Statistically, these 
should work against each other, and they seem to in our figures. 
On the other hand, your results seem to be good enough to over- 
come this. Would you comment on that? 

CLAUDE R. Hitcucockx, MD, Minneapolis: Just recently, one of 
my residents studied our similar cases for the past ten years, at- 


tempting to correlate survival of patients with colon cancer and 






the degree of “desmoplasia” that occurred with the lesions. Previ- 
ous review of the investigative work in this field had indicated 
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conflicting reports regarding correlation of inflammatory reaction 


and survival. Certainly, the present authors have given us a good fi 
look at a positive correlation where they have added the factor of 


the presence or absence of “histiocytosis” to the evaluation. 


ae 
4a 


With the help of a senior pathologist, Dr. Bubrick graded all of — 


our lesions according to the amount of fibrous connective tissue re- 
action in and about the primary tumors and correlated this with 
survival. He found no correlation. 

Dr. Murray: I would like to thank Dr. McBride for his kind re- 
marks about our paper. I emphasize that this study was conducted 
in a totally blind fashion. I was presented only with a pathologic 
accession number to locate the slides. 

We find it extremely difficult to explain the curious paradox 
that, while sinus histiocytosis seemed to have a positive effect on 
overall survival, nevertheless a higher incidence was found in 
those stage C patients in whom many nodes were involved and in 
whom the prognosis was worse. This is just the way the figures 
came out. 

We might suggest that sinus histiocytosis is a reaction to local 
antigenic stimulation and that it reflects the onset of host resist- 
ance. However, there may be a marked individual variation in the 
threshold of this response, some patients reacting when the local 
antigenic load is low, more patients reacting only when the local 
load is high. This may explain why it is more likely to be found in 


the stage C patients with many nodes involved while its overall 


presence tends to be associated with a better prognosis. 

I would like to thank Dr. Hitchcock for his remarks. I would re- 
mind the Association that Spratt and Spjut (1967) also made the 
observation that the prognosis of large bowel carcinoma was wors- 
ened when there was no local inflammatory reaction around the 
tumor. In addition, our findings are further supported by the re- 
cent observation of Zamcheck et al (Hum Pathol 6:31, 1975) that a 
significant lymphocyte-plasma cell infiltrate around the growing 


edge of colon carcinoma was associated with a favorable short- 


term prognosis. 

At the beginning of this study I was highly skeptical that either 
sinus histiocytosis or local inflammatory reaction would have any 
effect on prognosis. However, I am now convinced that they do. 
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=- A study of 50 patients was undertaken to determine the effects 
= Of an isotonic 5% crystalline amino acid solution on nitrogen bal- 
_ ance. Patients were divided randomly into two groups: 24 receiv- 
na amino acids and 25 receiving dextrose in water. (One patient 
_ in the treatment group dropped out after one day of intravenous 
therapy.) Administration of amino acids postoperatively main- 
tained nitrogen balance, as compared with controls. No unto- 
= ward metabolic changes or other complications occurred. 
x Amino acid peripherally administered is an alternate source of 
_ Calories and nitrogen. It is of value in treating short-term under- 
nutrition. ; 
E E N ie nitrogen balance in starving patients can be 
me reduced by administration of 5% dextrose in water. 
as _ If 5% protein hydrolysate with 5% dextrose solution is ad- 
4 ‘ministered, an equivalent reduction in negative nitrogen 
a ~ balance can be achieved; but the large volume of fluid re- 
quired to achieve positive nitrogen balance makes this 
_ therapy clinically undesirable. This fact stimulated the de- 
e velopment of parenteral nutrition regimens using 3% to 
B 5% protein hydrolysate in 20% to 25% glucose solution.’ 
= Such solutions are hyperosmolar and must be infused into 
= the central vein, but positive nitrogen balance can be at- 
_ tained by their use. The technical, septic, and metabolic 
= complications of central venous nutrition prohibit its use 
= except in severe cases of undernutrition or in patients in 
whom long-term nonenteral nutrition is required. 
Isotonic crystalline amino acid (CAA) solutions can be 
= given peripherally. Blackburn et al>’ and Flatt and Black- 
= burn* demonstrated the feasibility of attaining nitrogen 
balance with such solutions given at a rate of 1 gm/kg in 
fasting individuals. The study of typical postoperative pa- 









was carried out to determine the effects on nitrogen bal- 
ance of an isotonic CAA solution administered at a rate of 


«15 gm/kg. 
x METHODS 


Fifty patients having major abdominal operations for gastroin- 

_ testinal or vascular disease on the Wood VA Hospital Surgical 

_ Service volunteered to participate in this study. Preoperative 

diagnoses were recorded in Table 1. Fully informed consent was 

obtained from the four female and 46 male participants, who then 

were divided into two groups using a computer-generated random 
table. 

The average age in the treatment group was 57 years and, in 

Ý the control group, 58 years. Although patients with liver failure 

= and advanced renal failure were excluded from the study, patients 


~ Acæpted for publication March 25, 1975. 
From the Veterans Administration Center, Wood, Wis, and the Medical 
College of Wisconsin, Milwaukee. 
Read before the 32nd annual meeting of the Central Surgical Associa- 
tion, Chicago, Feb 28, 1975. 
as Reprint requests to Veterans Administration Center, Wood, WI 53193 
(Dr. Schulte). 
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with compensated cirrhosis or diabetes mellitus were included. 
One patient in the treatment group dropped out after receiving 
one day of intravenous therapy. Twenty-four patients in the 
treatment (CAA) group and 25 in the control group completed the 
study. 

The treatment group received a solution of pure synthetic crys- 
talline amino acids (Aminosyn) whose composition approached the 
requirements necessary for a growing infant. This level of nitro- 
gen intake was necessary to overcome the negative nitrogen bal- 
ance that occurs in the postoperative period. The final formulation 
included eight essential and seven nonessential amino acids. Histi- 
dine, which is thought to be necessary for infant growth, was in- 
cluded in the essential group. A more detailed analysis is seen in 
Table 2. The concentration of amino acids was 5 gm/100 ml, with a 
pH of 6.5. This solution was administered to the treatment group 
at a rate of 30 ml/kg/day (1.5 gm/kg). The control group received 
5% dextrose in water at the same rate as the treatment group. 
Electrolytes were added as maintenance fluids (controls) or as a 
concentrated additive (treatment). 

All patients had quantitative 24-hour collections of urine, stool, 
nasogastric suction, and any other drainage; total nitrogen con- 
tents were determined by the micro-Kjeldahl method. All patients 
were weighed daily, and had a battery of hematologic and bio- 
chemical tests (complete blood cell count, blood chemistry studies, 
arterial blood gas and plasma ammonia evaluations) the day be- 
fore and at the end of the study. 

The two-tailed t test was used to evaluate the significance of 
differences between control and treatment group means. A P 
value of .05 or less was accepted as significant. 


RESULTS 


The mean weight of patients in each group decreased 
during the study period: treatment group, 3.6 kg (7.9 1b); 
control group, 3.4 kg (7.5 lb). Nitrogen balance data are- 
presented in Fig 1. Nitrogen output preoperatively was 
comparable in both groups. During the first three postop- 
erative days, there was a significant difference in mean 
nitrogen balance between controls (who were in negative 
nitrogen balance) and CAA-treated patients. The treated 
group exhibited positive balance on the first postoperative 
day and slightly negative balance during the next two 
days. 

Blood urea nitrogen (BUN) values were significantly 
higher in CAA-treated patients, as compared with con- 
trols. Other laboratory studies showed no difference be- 
tween the means of the control and treatment groups ofe, 
blood glucose, plasma ammonia, partial carbon dioxide 
pressure (Pco,), or pH (Fig 2.). 


COMMENT 


Our study illustrates that at each postoperative period, 
patients receiving crystalline amino acids were in positive 
nitrogen balance compared with controls. Our data differ 
from the findings of Blackburn et al’ and Flatt and Blagk- 
burn‘ in that our patients did not exhibit either a rise in 
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Crystalline 













Amino Acid 5% Dextrose 

n Solution in Water 
Chronic cholecystitis 10 6 
Peptic esophagitis 2 

Gastroduodenal ulcer 3 

Chronic pancreatitis 1 

Portal hypertension 0 

Aortoiliac disease 2 

Carcinoma colon 6 

Miscellaneous tumors 0 

Total 24 











Amino Acid* Amount, mg 
L-isoleucine* 360 
{į  L-leucine* 470 
L-lycine* (as acetate salt) 360 
L-methionine* 200 
L-phenylalanine* 220 
L-threonine* 260 
L-tryptophan * 80 
L-valine* 400 
L-tyrosine y 44 
L-alanine 640 
L-arginine 490 
L-glycine 640 
L-proline 430 
L-serine 210 


L-histidine 





* Essential amino acids. 


plasma ketones or a decrease in blood glucose values dur- 
ing therapy. Some of the patients studied by previous 
workers, however, were obese; in addition, many had not 
been subjected to any particular stress. In contrast, all of 
our patients were more normal in terms of body habitus, 
but had been subjected to the stress of a major operative 
procedure. It is well known that associated stress with a 
majór operation will induce hyperglycemia; in turn, this 
may explain why blood glucose values in our patients did 
not decrease. 
The major advantage of intravenous crystalline amino 
acid therapy is the ability to infuse nitrogen into a periph- 
eral vein, obviating the necessity for a central venous 
catheter and its attendant complications. The safety of 
peripheral infusion of amino acids is indicated by the fact 
that there were no differences in the incidence of phlebitis 


| __ ,ebetween treatment and control groups, no episodes of sep- 


_ sis in either group, and no metabolic abnormalities devel- 
_ oped in the treatment group while under therapy. 
Although apparently efficacious and safe, the main- 


~ tenance of nitrogen balance by the use of peripherally in- 


fused crystalline amino acid solutions may not be neces- 
_ sary for support of a patient who will undergo a relatively 
_ short period of postoperative undernutrition. Perhaps the 


_mpst important place of amino acid infusion therapy will 


be found in those patients who are seriously malnourished 
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Table 2.—Amino Acid Composition 
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Fig 1.—Nitrogen balance for three treatment days and first 
posttreatment day. Figures for preoperative period represent nitg 
trogen output only. l Es $ 
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Fig 2.—Relationship of changes from base line (preoperative 
days minus posttreatment day) of serum glucose, plasma am- — a 
monia, and serum sodium values for two groups. Note that BUN is — a 
only study that showed any difference, and this difference was Ee, 
barely significant (P < .05). a 


and who would otherwise require parenteral nutritional — ae 
support. Use of isotonic amino acid solutions permits the — N 
provision of both calories and nitrogen via the peripheral 
venous system. | i.) 


Ann Barlow, MB, BS, MPH, Director of Research and Development and 
Jose F. Gonzalez, MD, Project Director, Abbott Laboratories, North Chi- ee: 
cago, Ill, assisted in this study. ‘Se 
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4 Metabolic Effects of Amino Acid vs 


We tested the hypothesis that during infusion of amino acids 
without dextrose, there is less insulin stimulation, which, in turn, 
permits lipolysis. The results suggest that dextrose infusion 
stimulates insulin and inhibits lipolysis. During administration of 
crystalline amino acids without dextrose, nitrogen balance im- 
proved substantially from control values obtained during dex- 


trose infusion, while the level of serum-free fatty acids and ke- 
A tone bodies rose and that of serum immunoreactive insulin fell. 


Infusion of amino acids at 1.7 gm/kg appeared slightly more ef- 
ficient than infusion at 1.0 gm/kg and did not stimulate insulin or 
inhibit lipolysis. Protein sparing may be useful in certain specific 
clinical situations. However, the results must be interpreted cau- 
tiously, primarily because it is difficult to establish the relation- 
ship between improvement in nitrogen balance and the derived 
clinical benefit. Absolute proof of the efficacy of this technique 
awaits further studies using indexes that more accurately mea- 
sure protein synthesis. 


$ wie total parenteral nutrition, each gram of ad- 
ministered nitrogen must be accompanied by at 
least 150 nonprotein calories.’ These nonprotein calories 
provide metabolic energy requirements and permit the 
administered nitrogen to be utilized primarily for tissue 
synthesis rather than for gluconeogenesis. When dextrose 
is the source of these nonprotein calories, the resultant 
solutions are hyperosmolar and must be administered di- 
rectly into the superior vena cava. This technique is 
highly efficacious, but is not without complications.” How- 
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| Dextrose Infusion in Surgical Patients 
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Robert G. Thompson, MD; Lawrence DenBesten, MD 


ever, the risks of intravenous hyperalimentation must be 
accepted when the clinical course of seriously ill patients 
is complicated by severe malnutrition. It would, never- 
theless, be desirable to have an alternative technique 
whereby intravenous nutrients could be administered by 
peripheral vein. In the near future, the soybean emulsion, 
Intralipid, will meet these requirements but currently it is 
available only for clinical investigation. In the absence of 
a source of exogenous fat, one can still consider utilization 
of endogenous body fat stores. 

Normally insulin is released in response to a rise in 
blood dextrose. This hormone inhibits fat mobilization by 
decreasing the activity of hormone-sensitive lipase in 
adipose tissue and by promoting the synthesis of tri- 
glycerides from free fatty acids and glycerol phosphate. 
Recently, Blackburn et al proposed that circulating insulin 
levels could be decreased by the infusion of dextrose-free 
amino acid solutions, thereby allowing mobilization of 
body lipids.’ The nitrogen balances of surgical patients 
studied by these investigators rose to near-positive levels 
during infusion of 60 to 90 gm of crystalline amino acids 
without dextrose. Simultaneously, there was a substantial 
rise in both free fatty acid and ketone body levels, indicat- 
ing lipolysis, while serum immunoreactive insulin levels 
were decreased. Blackburn et al chose an infusion rate of 1 


gm of amino acid per kilogram of body weight because, 


this closely approximated minimal daily protein require- 
ments and because they anticipated that higher amino 
acid concentrations might by themselves stimulate insulin 
secretion‘ and thereby inhibit lipolysis. We infused nor- 
mal volunteers with crystalline amino acid solutions and 
reported changes similar to those of Blackburn et ale In 
contrast to what was expected, there was a further im- 
provement in nitrogen balance during infusion of amino 
acids at 1.7 gm/kg and serum insulin levels did not rise. 
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The present report is an extension of our studies to sur- 
gical patients who were infused with two different con- 
centrations of a commercially available crystalline amino 
acid solution. 


SUBJECTS AND METHODS 


The study included 14 patients, 13 men and one woman, ages 26 
to 75 (mean, 57) years, with an average weight of 65.7 + 13 kg 
(144.9 + 28.7 lb). Six patients were studied in the Clinical Re- 
search Unit and the others on the surgical wards. All but one of 
the patients were in the immediate postoperative period. We se- 
lected patients who had elective gastrectomy, cholecystectomy 
(with or without common bile duct exploration), small or large 
bowel resection, or dysfunction of a gastrointestinal tract anasto- 
mosis occurring seven to ten days postoperatively. Patients with 
carcinomatosis or sepsis or patients who became ill during the 
study were not included. 

Since most patients require approximately 2,500 ml of water 
daily, the original 8.5% amino acid synthetic solution (Freamine) 
‘was diluted to 3% with sterile water under a laminar flow hood. At 
this concentration, infusion of 2,000 to 3,000 ml/day delivered 60 
to 90 gm of amino acids, thereby meeting the minimal require- 
ments of 1 gm/kg of body weight. Isovolumetric infusion of a 5% 
dilution delivered approximately 1.7 gm amino acids per kilogram 
of body weight. 

Group 1 consisted of seven patients who received 5% dextrose at 


- 1.7 gm/kg for 24 hours followed by two consecutive three- to four- 


day isovolumetrie infusions of crystalline amino acids at 1.0 to 1.7 
gm/kg body weight, respectively. The study ended with a final 24- 
hour dextrose infusion, also at 1.7 gm/kg. Seven additional pa- 
tients (group 2) were similarly studied, except that the order of 
amino acid infusions were reversed. The solutions were adminis- 
tered through peripheral veins using either metal scalp needles or 
small plastic catheters, except for two patients in whom subcla- 
vian catheters had previously been inserted. Electrolyte and vita- 
min balance were maintained by the daily addition of each of the 
following to the dextrose or amino acid solutions: 80 mEq sodium 
chloride; 60 mEq potassium phosphate; 8 mEq magnesium sulfate; 
10 mEq gluconate calcium; and 10 ml of a multiple vitamin prepa- 
ration (Multi-Vitamin Infusion [M.V.I.]). Appropriate volumes of 
saline were infused simultaneously whenever fluid requirements 
exceeded those provided by the amino acid or dextrose infusion. 

The patients consumed nothing except water by mouth. They 
were weighed each morning. Daily fluid intake and output were 
accurately recorded. Urinary ketone levels were measured four 
times daily using nitroprusside-formulated tablets (Acetest). 
Venous blood was drawn with the patient prone and at the same 
time each morning. Glucose, #-hydroxybutyrate, and acetoacetate 
were determined enzymatically after deproteinization with per- 
chloric acid using procedures adapted from Bergmeyer.’ Free 


_ fatty acid levels were determined by the method of Dole and 


Meinertz.’ Serum insulin values were determined in triplicate and 
in the same assay using the techniques of Hales and Randle.’ Ke- 
* tone body and free fatty acid levels were determined daily while 
fe hemogram, blood urea nitrogen (BUN), creatinine, carbon 
dioxide combining powers, and serum electrolyte values were 
monitored every other day by an automated multiple analysis 


system. 
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All urine, feces, and nasogastric drainage were collected in sep- 
arate acidified containers for each 24-hour period, and total nitro- 
_ gen determinations were carried out in duplicate by the mi- 


| cro-Kjeldahl technique. The infused nitrogen was determined 
indirectly after initial confirmation of gh content by direct 
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- losses (excluding cutaneous losses) minus the increment in tota al 



















measurement. One liter of 5% crystalline amino acids cc nt i 
gm of amino acids or (16% x 50) 8 gm of utilizable nitroge 
gen balance was measured for each patient during each g the 
study and refers to the nitrogen infused minus all nitrogenous 1s 


1 


BUN. Total BUN equals the BUN (expressed in milligrams per — 
deciliter) x 10 x total body water.’ j a 

Statistical measurements were done using the Student t toto t 
unpaired variables, and results are expressed as mean plus o 
minus standard error of the mean. 


RESULTS 


Each patient lost an average of 0.40 + 0.05 kode 
but when corrected for fluid balance this value fell to 
0.28 + 0.08 kg/day. Three patients with stomal dysfunc- i 
tion had a marked diuresis during the first 48 to 72 hours — 
of therapy. Hence, true daily weight loss is probably be- — 
tween these two values. The BUN level rose in each pa- 
tient from a mean of 10.8 + 0.9 mg/dl during the first dex- 
trose period to a mean of 22.2 + 1.1 mg/dl during the firs 
amino acid period (P <.01). Blood urea nitrogen values a 
were not affected by the order of amino administration or 
by concentration. Twenty-four hours after amino acid in- — 
fusion was completed, the BUN level fell to 18.2 + 1.0 
mg/dl and to control levels by 72 hours. The trend of urea f 
elevation was not due to altered renal function as evi- i 
denced by normal and unchanging serum creatinine val 
ues in each of the 14 patients. a: 

Serum carbon dioxide combining power fell from a 
26.1 + 0.6 mEq/liter during dextrose infusion to 22.3 + oT 4 
mKq/liter (P <.005) during amino acid infusion, “and | 
again there were no significant changes between the re- 
spective amino acid infusion periods in either group. Base- 
line values were reached within 48 hours of cessation of 
amino infusion. No patient had clinical evidence of aci- 
dosis, and serial arterial pH levels, obtained in six of the _ 
14 patients, were all within normal limits. E 

In group 1, mean nitrogen balance was -89+14 
gm/day during dextrose infusion and —1.2 + 0.9 gm/day 
during amino acid infusion at 1.0 gm/kg (P <.001) (Table Er 
1). Between these same two periods, mean ketone body 
levels (combined f-hydroxybutyrate and acetoacetate) 
rose from 0.12 + 0.04 to 0.84+ 0.11 millimols (P<.001) ` 
and the free fatty acid levels rose from 0.43 + 0.10 to ` 
0.83 + 0.10 millimols (P <.001) (Table 2). During the sec- B 
ond amino acid period, when an identical volume of 5% so- _ k: 
lution (1.7 gm/kg) was infused, mean nitrogen balance à 
rose to 1.2 + 0.4 gm/day (P>.1). The serum free fatty acid 
and ketone body levels remained elevated during this pe- 1i z 
riod and were not significantly affected by the change in 
concentration. When amino acids were discontinued and 
dextrose infusion recommenced, nitrogen balance fell to 
—9.94 1.6 gm/day (P<.001), while the free fatty acid — 4 
and ketone body levels fell to 0.65 + 0.10 (P>.05) and nA 
0.19 + 0.08 millimols (P < .005), respectively. Y 











In group 2, where the order of amino acid infusion was E ; 
reversed (Tables 3 and 4), mean nitrogen balance rose i? 
from —4.9+0.5 gm/day during dextrose infusion to a f 
2.0 + 0.8 gm/day during amino acid infusion at 1.7 gm/kg 
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"Table 1.—Nitrogen Balaca (Grams per Day) for 
Patients in Group 1* 


E 5% 3% 5% 5% Dextrose 


a | Patient Dextrose Amino Acid Amino Acid Recommenced 
“g —9.8 “25 1.4 —13.6 
y —6.1 -3.1 2.5 —10.2 
| T 1.7 —40 3.0 17.0 
T —15.2 —2.6 —6.2 —9.0 
775.2 1.9 1.7 ac 
—6.3 —tA =i —8.6 
1 —8.1 2.8 7.4 —4.5 
E X=SE -89214 —1.2+0.9 1.2 +0.44 —9.9 + 1.6 


= * Values measured during infusion of dextrose (1.7 gm/kg), 3% 
Pe mino acids (1.0 gm/kg), and 5% amino acids (1.7 gm/kg). Each 

= dextrose period was 24 hours; each amino acid period was three 
to four days. 


| Table 3.—Nitrogen Balances (Grams per Day) for Patients 





in Group 2* 
i a 5% 5% 3% 5% Dextrose 
. au Patient Dextrose Amino Acid Amino Acid Recommenced 
1 —6.4 —1.0 —3.5 —6.1 
=5.6 48 —0.4 =3.6 
—3,2 0.6 —6.6 ap. N 
SHO 0.6 —6.0 —6.6 
is 2.3 —4.6 =a 
~—~3.0 4.6 0.3 wa AY 
—4.6 2.1 — 15 —3.3 
X=6e —49=05. 2.00.8 —3.2=1.0 —5.3 = 0.8 


A fa Order of amino acid infusion reversed in this group. 


= (P<.001). Mean free fatty acid levels increased from 
049 + + 0.10 to 0.70 + 0.10 millimols (P < .05); and, mean ke- 
j a tone body levels rose from 0.25 + 0.06 to 0.82 + 0.14 milli- 
mols (P <.01). When amino acid concentration was re- 
P duced to 3% (1.0 gm/kg), nitrogen balance fell to —3.2 
~  +1.0 gm/day (P<.1). In contrast to group 1, ketone 
bodies and free fatty acid levels rose from 0.82 + 0.14 and 
0700.10 millimols to 165+1.7 (P<.001) and 
0.92 + 0.10 millimols (P <.001), respectively, during the 
= second amino acid infusion. Following reintroduction of 
dextrose, nitrogen balance, ketone body, and free fatty 
acid levels returned to control levels. 
| Urinary acetone and acetoacetate were detectable ap- 
~ proximately 36 hours after commencement of amino acid 
infusion, and when serum ketone body levels reached 0.50 
millimols or higher. 
~The individual insulin values for each of the patients in 
= groups 1 and 2 are shown in Tables 5 and 6, respectively. 
| 4 Mean serum insulin levels fell from 16.5uU/ml + 1.7.U/ml 
= to 6.3uU/ml + 0.9uU/ml concomitant with the substitu- 
_ tion of 3% amino acids for dextrose (P <.001). Similarly, 
4 _ serum insulin values fell from 11.74U/ml + 2.3U/ml to 
82,0 /ml + + 1.0uU/ml when the patients in group 2 were 
3 switched from 5% dextrose to 5% amino acids (P <.1). The 
fourth patient i in Table 5 was not included in these deter- 
E minations because he was diabetic. The trend of declining 
a insulin levels between dextrose and amino acid infusion 
S -was observed in ten of the remaining 13 patients. In three 
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Table 2.—Hormone-Substrate Profiles for Group 1* 













Dex- Amino Acid Dex- 
trose trose 
(1.7 gm/ (1.0 gm/ (1.7 gm/ (1.7 gm/ 
Index kg) kg) kg) kg) 
Nitrogen balance, 
gm/day —8.9 —:2 1.2 —9.9 
Free fatty acids, 
millimols 0.43 0.83 0.84 0.65 
Ketone bodies, 
millimols 0.12 0.84 0.75 0.19 





Insulin, „U/ml 16.5 6.3 7.9 





* Values expressed as mean for seven patients during each 
study period. 


Table 4.—Hormone-Substrate Profiles for Group 2* 


Dex- Amino Acid Dex- 
trose trose 
(1.7 gm/ (1.7 gm/ 
kg) kg) 


(1.7 gm/ 


(1.0 gm/ 
kg) kg 


Nitrogen balance, 
gm/day 

Free fatty acids, 
millimols 


Ketone bodies, 
millimols 


Insulin, „U/ml 11.7 


“Values expressed as mean for seven patients during each study 
period. Order of amino acid infusion reversed in this group. 


patients, a fall in insulin was not measured primarily be- 
cause of a low base-line value during the initial dextrose 
infusion. With few exceptions, insulin levels were uni- 
formly low during amino acid infusion, although 24 to 48 
hours were required in several instances before this fall 
was observed. The unexplained peaks were not due to high 
serum glucose levels. Conversely, blood glucose levels rose 
from 89 + 10 mg/dl during amino acid infusion to 113 + 8 
mg/dl during the final dextrose period, yet insulin levels 
rose to control values in only five patients. Changing 
amino acid concentration did not substantially affect the 
serum insulin levels, although they tended to be slightly 
higher during infusion at 1.7 gm/kg than at 1.0 gm/kg. 

Severe phlebitis characterized by pain, swelling, 
erythema, and induration of the entire forearm was ob- 
served in three patients. It was unclear whether this phle- 
bitis was related to the amino acids themselves or to the 
presence of calcium and magnesium. There was also con- 
siderable difficulty in maintaining functioning scalp veins 
in three additional patients. The subclavian route was 
used in two patients. Hence, there were significant prob- 
lems in maintaining patent peripheral veins in half (six of 
12) of the patients. Nausea, vomiting, or other manifesta- 
tions of allergic reactions did not occur. 


COMMENT a 


After operation, physicians conventionally administer 
minimal quantities of carbohydrate by peripheral vein to 
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spare protein and prevent ketosis. The present study sug- 
gests that the effects of starvation ketosis are not neces- 
sarily deleterious when it is necessary to restrict intra- 
venous feeding to subcaloric levels. Infusion of crystalline 
amino acids was superior to isovolumetric infusions of 
dextrose. Nitrogen balance rose from —8.9 gm/day during 
dextrose infusion to —1.2 gm/day during amino acid infu- 
sion at 1.0 gm/kg, and to 1.2 gm/day during amino acid 
infusion at 1.7 gm/kg. When the order of amino acid infu- 
sion was reversed, nitrogen balance was 2.0 and —3.2 
gm/day at amino acid infusions of 1.7 and 1.0 gm/kg, re- 
spectively. Hence, the higher amino acid concentration 
seemed to improve nitrogen balance although the differ- 
ences were not significant. These improvements in nitro- 
gen balance were accompanied by substantial elevations 
in serum free fatty acid and ketone body levels, both of 
which fell to control levels during the second dextrose pe- 
riod. During amino acid infusion, insulin levels were low 
to all patients, except for one diabetic patient. The higher 
‘fmino acid concentration did not stimulate insulin release. 
All infusions were hypocaloric. Hence, the changes ob- 
served in the hormone-substrate profiles could reflect 
adaptation to starvation. During total starvation, the ma- 
jority of caloric requirements are met by fat and urinary 
| nitrogen losses fall from 10 to 4 gm/day.” During partial 
starvation, our patients were in zero to slightly positive 
nitrogen balance and utilization of body fat proceeded 
mote efficiently during infusion of amino acids rather 
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Table 5.—Serum Immunoreactive Insulin Levels for Group 1 


Table 6.—Serum Immunoreactive Insulin Levels for Group 2 





5% Amino Acid 





5% 
Dextrose 





3% Amino Acid 

















Patient Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 
1 7.2 9.4 11.0 6.0 sake 6.1 4.5 5.0 4.4 5.4 \ 
2 15.7 7.0 6.6 4.5 5.3 14.6 8.0 14.5 14.2 i 
3 21.0 iko 8.9 20.0 12.0 6.2 3.4 per: 17.0 
6.1 4.0 TM 3.7 ah 9.5 4.0 4.5 oe 12.0 












5.6 3.8 5.4 5.7 
8.9 9.3 7.4 
10.7 





than dextrose. The superiority of protein calories over 
nonprotein calories was first illustrated in 1938 in dogs by 
Elman. He subsequently reported positive nitrogen bal- 
ance in humans infused with 1 gm/kg of protein accom- 
panied by only 20% of caloric requirements, although addi- 
tional increments of nonprotein calories further reduced 
nitrogen.” Our subjects received 10% to 17% of caloric re- 
quirements as amino acids without nonprotein calories 
and nitrogen balance improved substantially. However, 
in group 1, for example, nitrogen excretion rose from 
8.94 1.4 gm/day during dextrose infusion to 13.3 + 0.8 
and 17.7 + 0.8 gm/day during amino acid infusion at 1.0 
and 1.7 gm/kg, respectively. Similar results were observed 
in group 2. Hence, approximately 50% of the administered 
nitrogen was excreted during amino acid infusion. The 
BUN level rose in each patient, indicating inadequate pro- 
vision of nonprotein calories so that substantial quanti- 
ties of the administered amino acid were used for gluconeo- 
genesis and not for protein synthesis.” 

Nitrogen balance is merely a mathematical expression 
of the differences between the amount of nitrogen admin- 


istered and the amount of nitrogen excreted. There are 


several potential sources of error inherent in calculating 
this factor. Nitrogen balance in group 2, for example, 
was 2 gm/day during amino acid infusion at 1.7 gm/kg, 
yet positive nitrogen balance at only 17% of calorie re- 
quirements and without nonprotein calories is unrealistic. 
This nitrogen positivity was attributable to the fact that 
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oe 
ee pe patients did not excrete a NE quantities of the 
admi inistered nitrogen during the initial two to three days 
f amino acid infusion. Hence, the first infusion appeared 
erior to the second. Yet when amino acid infusion at 
it gm/kg followed infusion at 1.0 gm/kg, nitrogen bal- 
SÅ ance was still superior, even though, during this same pe- 
Ra riod, urinary nitrogen losses were again higher. A longer 
~ period of dextrose infusion prior to beginning amino acids 
ity would have assured a steady state of urinary nitrogen 
losses. However, after moderate trauma, urinary losses 
ie are normally 8 to 12 gm daily, depending on the sex, 
i 4 weight, age, and degree of previous debilitation. Nitrogen 
E equilibrium is never attained in the postoperative period 
_ unless both proteins and at least 20% of caloric require- 
ments are administered simultaneously. The only variable 
d Ẹ i between the two amino acid periods was concentration. If 
_ our data are analyzed by grouping these periods, mean ni- 
K: -trogen balances become 0.0 + 0.9 and 0.6 + 0.9 gm/day for 
= groups 1 and 2, respectively. These pooled data are more 
Py realist because they include a longer study period during 
= which time urinary nitrogen losses stabilized. The at- 
tained nitrogen equilibrium was similar for each group 
a and was also clearly superior to isovolumetric dextrose in- 
~ fusion. If dextrose had been administered for more than 
; o hours after amino acid infusion, it is conceivable that 
= urinary nitrogen losses in excess of 12 gm daily would 
E have been measured, indicating that previously adminis- 
= tered nitrogen had been retained but not utilized. We did 
Ba allow for the BUN level elevation in order to compensate 
= for this factor (an increase in BUN level of 3 mg/100 ml 
represents approximately 1 gm of retained nitrogen). Uri- 
= nary amino acid chromatography will probably be neces- 
sary to ultimately answer this question. In general, mean- 
- ingful results during such short-term studies will be 
_ difficult to obtain. More reliance must be placed on indexes 
2) = that more accurately reflect neosynthesis of lean body tis- 
= sue rather than on balance studies.'*° 
= The concept of protein sparing by amino acid infusion 
appears to be supported by the insulin values, but some 
discrepancies were noted. Several. patients had low base- 
line values and, therefore, the fall in insulin concomitant 
with introduction of amino acid infusion could not be veri- 
fied (Tables 5 and 6). There were also some unexplained 
insulin peaks. These could have been caused by variations 
in flow since rapid amino acid infusion can release insu- 
lin. The anticipated rise in insulin after reintroduction of 
dextrose did not occur. Just as insulin levels were slow to 
rise, free fatty acid and ketone body levels did not always 
reach control values until 48 to 60 hours. This apparent 
reciprocal relationship suggests that some time may be 
| required before the inhibition of lipolysis is complete. 
E An alternate explanation is that fat mobilization was in- 
_ fluenced by some other lipolytic agent, such as growth hor- 
a ‘mone, catecholamines, or corticotropin. 
We conclude that protein sparing may be of short-term 
-S benefit when facilities for intravenous hyperalimentation 
“a are unavailable. It is doubtful whether these solutions 
g r _ could be infused peripherally for a substantial time since, 
a Brpraabis, available peripheral veins are few in malnour- 
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ished patients. Bacteria and fungi do not flourish in crys- 
talline amino acid solutions.’ Therefore, infusion of 
amino acids without dextrose into the subclavian or inter- 
nal jugular vein may be safer than total intravenous hy- 
peralimentation, particularly in the presence of sepsis. 


This investigation was supported in part by grant RR-59 from the Gen- 
eral Clinical Research Centers Program, Division of Research Resources, 
National! Institutes of Health. 
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Discussion 


| 
Warp O. GRIFFEN, JR., MD, Lexington, Ky: I think both of these 


papers are interesting. I would agree with the last essayist that 
nitrogen balance is not commensurate with utilization of protein, 
and we do not know yet whether this peripheral type of adminis- — 
tration, although admittedly safer, is actually of any great benefit 
to the patient. In previous studies we had done using the hyper- 
osmolar material with high glucose and high electrolyte content in 
addition to the high amino acid content, we did not actually do 
studies of utilization but we did not see the BUN level rise that 
both of these groups have seen when the washout phenomenon oc- 
curred after the administration of the amino acid solutions. 

I was going to ask Dr. Schulte about other indexes of renal 
function to explain why the BUN level rose while the amino acids** 
were being administered. They perhaps showed the same thing as __ 
the second group, ie, that there was no deterioration of renal 
function. 

Also, Dr. Schulte mentioned that phlebitis was not a major 
problem. I wonder if he has done anything to try to eliminate 
phlebitis in any way, such as final filtering of the intravemous 
solution. 

Lioyp D. MacLean, MD, Montreal: I would like to congratulate 
Drs. Freeman and Schulte on these very convincing papers and of- 
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fer some data in support. 

Before we all feel obligated to use these solutions, we would like 
to haye two questions answered that have been touched on. Is the 
body cell mass influenced by the use of this solution, that is, the 
part of the body that is oxygen-utilizing, potassium-rich, and 
energy-producing? Can we objectively measure benefit to the rou- 
tine patient? 

Dr. Shizgel, one of my colleagues, has given me a slide, bearing 
on the first question, of one control and one patient who received 
5% casein hydrolysate. The total body potassium level dropped 
over the five-day postoperative period not associated with infec- 
tion. The sodium/ potassium ratio should be about 1.0. It was, how- 
ever, elevated in this patient, and it increased to the point where 
one considers hyperalimentation. 

In contrast, the patient who received casein hydrolysate went 
in the appropriate direction from 2,126 up, and his sodium/po- 
tassium ratio dropped favorably. Actually this is his best case and, 
to be truthful about this, I think what he hopes to achieve, and 
what he has seen generally, is no change over a five-day postoper- 
ative period rather than an accumulation of body cell mass. 

The measurement of well-being following surgery is more com- 
plicated. As surgeons, we usually look at patients and measure if 
they are living or dead, and that is important, or whether reem- 
ployed. The latter is no longer a true reflection of recovery. A few 
years ago we started to measure cardiac output, oxygen uptake, 
minute ventilation, and heart rate using a noncannulation tech- 
nique. Our cardiophysiologists at the hospital helped us a great 
deal with this. We studied a small group of patients. We never re- 
ported it because we did not think there was any way of manipu- 
lating it, but we studied a group of patients who were over 50 
years of age before and after cholecystectomy using these in- 
dexes, and with exercise at graded levels on a bicycle we measured 
work accurately in kilograms per minute. We found in the postop- 
erative period that patients took a greater cardiac output, a 
greater minute ventilation, and a greater heart rate to do the 
same amount of work, and it took them three months to return to 
normal. Some of these people were trusted colleagues, and we 
found in questioning them that their easy fatigability, loss of 
vigor, decreased powers of concentration, and contraction of in- 
terests all returned to normal at about three months, too. 

So, I would like to ask the authors if they believe there is some 
way to relate positive nitrogen balance to recovery after surgery, 
and whether the method I have mentioned might be useful, or 
whether they have other plans in this direction. 

E. JoHN HincuHeEy, MD, Montreal: There is no question of course, 
that the advances in surgical nutrition in the last few years have 
had great impact on our care of patients, but I am sure both au- 
thors would agree that the potential usefulness of the amino acid 
solution without glucose remains to be proved. Dr. Freeman is giv- 
ing approximately 12 to 18 gm of nitrogen a day and achieving a 
balance of —1.2 to + 1.2 gm of nitrogen, which means that there is 
a tremendous amount of nitrogen going out in the urine. I would 
like to ask him if he has looked at the nitrogen compounds in the 
urine and if, in fact, most of this nitrogen is the amino acids that 
% je has administered. 


The second point around which this whole theory hinges is the 


Blackburn contention that it is the lack of glucose and the lack of 
insulin production that is important in the mechanism of action of 
the amino acid mixture. Dr. Holden, in 1957, reported in the An- 





nals of Surgery (146:563) that one can achieve very substantial ni- l l 
trogen sparing by giving amino acid solutions with 10% fructose. k 
_If you do not give glucose, the patient has to generate 150 to 180 © 


gm of glucose from amino acids through gluconeogenesis. 


The final point is one that Dr. MacLean raised: does the routine - 


use of this regimen have any potential benefit for our patients? 


Dr. SCHULTE: I would like to thank Dr. Griffen and the other dis- 


cussants. We measured the level of serum creatinine, urine out- 


put, specific gravity, and uric acid and there were no substantial 


differences in any of these indexes. As to the question about pre- — 
vention of phlebothrombosis, we did nothing in particular to pre — 
vent it. Neither did we specifically look at the question of the ben- — 


efit of studying patients in this manner. 


Dr. FREEMAN: I would like to thank the discussants for their 4 


comments. It is certainly true that our study periods were rather 


short. The explanation for this was in the experimental design, __ 


which was arranged so that each patient could serve as his own 


control. In order to achieve longer study periods, we are currently _ 
infusing amino acids for ten to 14 days in each patient with addi- — 
tional studies of matched controls who receive isovolumetric dex- _ 
trose infusions for equal time periods. In addition the 24-hour dex- 
trose washout period is probably not quite adequate. Hence, 


following amino acid infusion, we are administering dextrose for 
three days. 


We have saved urine samples for urinary chromatography, Dr. 


Hinchey. Hopefully these data will tell us whether or not amino 
acids are being excreted unutilized. 

As you all know, data have been available since 1930 that prove 
that positive nitrogen balance can be obtained with only 20% of 
caloric requirements, which is the approximate level our patients 
were receiving. However, these early studies combined both 
amino acids and nonprotein calories, usually as dextrose or alco- 
hol. According to the protein-sparing theory, the addition of dex- 
trose should make the patient worse by stimulating insulin release 
and inhibiting lipolysis. We have just completed another study on 
six patients, three of whom were morbidly obese and three who 
were of normal weight. Nitrogen balance and nitrogen excretion 
were unaffected by the daily addition of 200 gm of dextrose to the 
5% crystalline amino acid infusion. However, serum insulin levels 
also did not change and, therefore, the entire explanation of the 
efficacy of protein sparing is really open to question, even though 
it appears to be beneficial to the patient if one looks at only ni- 
trogen balance. As Dr. MacLean so adroitly pointed out, we need 
indexes that more accurately refiect neosynthesis of tissue. It is 
important to appreciate that nitrogen balance is a simple mathe- 
matical product of input vs output. It fails to distinguish between 
nitrogen retention and nitrogen utilization. Currently we are mea- 
suring urinary 3-methylhistidines in each patient. This is an 
amino acid that is a direct product of muscle catabolism. Probably 
other studies, such as body composition using radioactive potas- 
sium (*K), urinary acid chromatography, as Dr. Hinchey sug- 
gested, and the “C-leucine studies of O’Keefe and Sender, will be 
necessary before we can accurately assess whether protein spar- 
ing actually helps the patient or merely improves the nitrogen bal- 
ance. 

Finally, the uric acid levels do rise in these patients and this is 
very logical because high serum free fatty acid levels are known 
to inhibit tubular excretion of uric acid. 
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One hundred thirteen patients (106 women, seven men), 18 to 
64 years in age, with hypertension as a consequence of renal ar- 
tery fibrodysplasia underwent operation during a 13-year period. 
Renal-systemic renin indexes confirming ischemic kidney hyper- 
i secretion with contralateral suppression, and demonstration of 
ON eba vessels circumventing hemodynamically significant 

Te - stenoses proved reliable predictive indicators of surgical cura- 
2a __ bility. One hundred fifty-eight surgical procedures were per- 

S q formed, including bilateral operations in 18 patients. Most com- 
3 aD mon of 129 primary operations were 98 autogenous saphenous 
_ vein aortorenal grafts. Initial nephrectomy was undertaken on 

a _ three occasions. Ninety-five percent of patients benefited from 
| 5 operation. Sixty-two patients were cured of hypertension; 45 
“ig were noticeably improved; and six were surgical failures. No op- 
E -erative deaths occurred. Proper patient selection is the most im- 

portant determinant of operative curability in patients with reno- 
a vascular hypertension. 

O 

ae | 

> ined elevation of arterial blood pressure as a 
p consequence of renal artery fibrodysplasia represents 

Zn an important form of surgically correctable hypertension.’ 


~ Successful operative therapy for this type of renovascular 


fon a 
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A Be fycertension depends on performance of an appropriate 
_ surgical procedure in carefully selected patients. The pres- 
| 4 ent report describes the clinical experience with 113 con- 


_ secutive adults subjected to operation for hypertension re- 
s 3 sulting from renal artery fibrodysplastic stenoses at the 
__ University of Michigan Medical Center during the past 13 
i A 


ee 
RE _ Accepted for publication March 14, 1975. 
_ From the Department of Surgery, Section of General Surgery, Univer- 
sity of Michigan Medical Center, Ann Arbor. Dr. Fry is the Frederick A. 
-Coller Professor of Surgery. 
a Read before the 32nd annual meeting of the Central Surgical Associa- 
“3 tion, Chicago, Feb 28, 1975. _ 
_ Reprint requests to the Department of Surgery, University of Michigan 
. 4 | Medical Center, Ann Arbor, MI 48104 (Dr. Stanley). 


L 
"e 


a G 

DE A 922 Arch Surg—Vol 110, sad 1975 
se : 4 Ei 

Es by Be ee l | EK ) 

Bem eerie Sh Rene 





-Renovascular Hypertension Secondary to 


‘ erial Fibrodysplasia in Adults 


| Criteria for Operation and Results of Surgical Therapy 


years. This work complements earlier publications detail- 
ing our experience with renovascular hypertension among 
pediatric patients and arteriosclerotic adults.’ 


CLINICAL POPULATION 


Two hundred seventy-two patients have undergone operation at 
University Hospital for occlusive or aneurysmal disease of the re- 
nal artery. One hundred six female and seven male hypertensive 
patients with fibrodysplastic renovascular disease included in this 
larger group of surgical patients provide the basis for this report. 
Women with a mean age of 38.9 + 8.9 years (18 to 64 years) were 
older than the men whose mean age was 26.1 + 6.9 years (18 to 37 
years). (All variances reported as + 1 SD.) The 12.8-year differ- 
ence between the sexes proved significant (P < .001). One hundred 
eleven white (including all seven men), one oriental, and one black 
patient comprised this group. Preoperative durations of arterial 
hypertension ranged from 1 to 288 months with a mean of 44.9 
months. Blood pressure without medications (usually when hyper- 
tension was first diagnosed) for the entire series was 210 + 27/ 
122 + 14 mm Hg. Corresponding blood pressure after medical 
therapy (immediately prior to operation) was 184 + 27/113 + 13 
mm Hg. These differences were significant (P < .001). Nine 
patients in the latter group had diastolic pressures less than 100 
mm Hg, but none were normotensive at the time of operation. 

Bilateral renal artery fibrodysplasia affected 70 women and five 
men. Unilateral disease occurred in 36 women (28 right-sided, 
eight left-sided) and two men (one left-sided, one right-sided). Fi- 
brodysplastic disease was limited to the main renal artery in 89 
patients; extended from this vessel into segmental arteries of 19 
patients; and was isolated to segmental vessels in five patients. 
Histologic categorization of these lesions (intimal fibroplasia, me- 
dial hyperplasia, medial fibroplasia, and perimedial dysplasia) has 
been described in a recent report‘ and will not be alluded to in this 
communication. No direct correlation could be found between his- 
tologic type and results of therapy. Renal artery macroaneury8ms 
(not aneurysmal mural dilations) were present in 15 patients and 
a renal arteriovenous malformation was noted in one additional 
patient. Occurrence of extracranial internal carotid and Disha ies 
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arterial dysplastic lesions in these patients was the subject of an 
earlier publication.’ Six patients had solitary kidneys, two had re- 
nal aplasia, and four had undergone previous nephrectomy (for 
renovascular hypertension twice and nonvascular urologic disease 
twice). Primary renal disease was uncommon among patients in 
this series. 


DIAGNOSTIC EVALUATION 


Clinical characteristics initiating diagnostic studies included 
relatively brief durations of severe hypertension, diastolic hyper- 
tension in young women, and hypertension unassociated with 
overt arteriosclerotic occlusive disease in the presence of an ab- 
dominal bruit. Clinical manifestations in general paralleled those 
reported in the Cooperative Study of Renovascular Hypertension.’ 
Renovascular hypertension secondary to fibrodysplastic disease 
was occasionally difficult to differentiate from essential hyperten- 
sion. 

Renal scans, renograms, and intravenous pyelography served as 
screening procedures early in our experience. Substantial false- 
positive and false-negative results limit the prognostic value 
of these studies. Despite many inadequacies, hypertensive urog- 
raphy has remained a reasonable screening procedure. Arteriog- 
raphy, assays of peripheral and renal venous blood for renin activ- 
ity, as well as split renal function studies, provide more objective 
data regarding renovascular disease. Split renal function studies, 
because of their unreliability, and because of complications at- 
tending these tests, have been abandoned at this center in favor 
of arteriographic examination and verifications of renin activity. 


Hypertensive Urography 


Rapid sequence intravenous urography was undertaken in 100 
patients. Manifestations of renal ischemia included (1) delay of 
one minute or more in appearance of contrast medium within the 
collecting system of the ischemic kidney compared to the contra- 
lateral kidney; (2) differences in renal length; the right kidney 2 
em shorter than the left or the left 1.5 cm shorter than the right; 
and (8) hyperconcentration of contrast media within the collecting 
system of the ischemic kidney on late x-ray films. Ureteral notch- 
ing and indentations on the renal pelvis from collateral vessels 
were occasionally observed, but never in the absence of one or 
more of the above signs of renal ischemia. Urography has pro- 
vided valuable information concerning nonvascular renal disease 
in these patients. 


Arteriography 


Definition of the extent and morphologic character of an occlu- 
sive lesion, as well as evaluation of its hemodynamic significance 
by arteriographic means has proved invaluable in evaluating 
these patients, and is mandatory before proceeding to operation. 
All patients underwent precperative arteriographic examinations. 
Transfemoral aortography and bilateral selective renal arteriog- 
raphy is the usual sequence of study. Oblique examinations are 
often necessary to elucidate stenotic lesions that might otherwise 
2° unrecognized.’ Pharmacoangiographic manipulation of renal 
collateral blood flow has recently been employed in defining the 
hemodynamic importance of stenotic lesions of 17 patients. 

Fibrodysplastic stenoses reducing main renal artery diameters 
to less than 1.5 mm are invariably of hemodynamic significance. 
In patients under 50 years of age, these lesions have assumed 
functional importance. Demonstration of collateral vessels cir- 
cum*enting a stenosis is considered evidence of that lesion’s he- 
modynamic significance. Collateral vessels usually have a charac- 
terjstic serpiginous appearance (Fig 1, left). Existence of dilution 
defects in vessels beyond a stenosis reflect functioning nonpa- 
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renchymal collateral vessels transmitting coke blood to 
the kidney (Fig 1, right). Blood flow reversal in distal nonpa- — 
renchymal renal artery branches after infusion of acetylcholine or 
epinephrine establishes their presence as collateral vessels. 


Renin Assay 


Determination of plasma renin activity from effluent renal — 
venous blood has proved an important means of determining func- _ 
tional importance of renal ischemia. Peripheral plasma renin ac- _ 
tivity per se was not utilized as a routine screening or diagnostic _ 


test in our experience. Systemic renins have served as the basis 


for quantitating individual renal renin activity in 23 cases. Sev- — 


enty patients had calculation of renin ratios (ischemie kidney re- 


nin activity compared to contralateral renin activity). Renin ratios 
of 1.40 or greater result in assignment of functional importance to — 
coexisting renal artery occlusive disease at this center. Stimula- — 
tion of the renin-angiotensin system prior to obtaining blood for 
assay is preferred by administration of natriuretic drugs and lim- 
itation of sodium intake for 48 to 72 hours preceding sampling. In 
addition, the majority of patients had blood withdrawn when they 
had been in the upright position for two hours. Bioassay of renin — 


activity, employed early in our experience, has been replaced with 
immunoassay (angiotensin I) techniques. 


OPERATIVE THERAPY 


A total of 158 surgical procedures were performed in the pres- _ 
ent experience. One hundred twenty-nine operations represented — 
primary procedures. Most common of these initial procedures — 
were 98 autogenous saphenous vein aortorenal grafts including © 


three with dilation of distal segmental vessels performed in 


concert with the bypass procedure. Graduated intraluminal dila- 


tion of diseased vessels was the only therapy on four occasions 
involving isolated segmental disease. Eleven patients underwent 


aortorenal bypass utilizing prosthetic grafts. Local angioplastic — 


procedures were undertaken on six occasions (two with utilization 


of vein graft patches). Diseased arterial segments were resected | 


five times with primary end-to-end reanastomosis. Aortic reim- 
plantation of the undiseased distal renal artery was undertaken 
once. Three patients were subjected to initial nephrectomy after 
attempts at revascularization failed. Eighteen patients underwent 
bilateral procedures performed on separate occasions in all but one 
instance. 

Twenty-one patients were subjected to 29 secondary operations. 
Most common of these reoperations were 11 nephrectomies follow- 
ing failure of primary revascularization efforts and irreparable 
renal injury. Secondary operations also included autogenous saph- 
enous vein aortorenal grafts (five patients), prosthetic aortorenal 
grafts (six patients), local angioplasty (three patients), revisions 
(thrombectomy) of prosthetic grafts (three patients), and auto- 
transplantation (one patient). Secondary revascularization proce- 
dures present difficult technical problems that may eventuate in 
nephrectomy, yet the benefits, if successfully performed, justify 
the extended effort. 


CLINICAL RESULTS 


Definitions of response to operative intervention were 
carefully defined and rigidly adhered to during this study. 
Patients were classified cwred if blood pressures were 
150/90 mm Hg or less for a minimum of six months, dur- 
ing which time they had not received any antihyper- 
tensive medications. Patients were considered improved 
when normotensive while receiving antihypertensive drug 
therapy or if diastolic blood pressure was between 90 and 
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: 10 mm tig but at {aust 15% lower than the preoperative 
i Novel. Failures included cases where diastolic pressure rep- 
E Fesented less than a 15% decrease from preoperative levels 
fs and was greater than 90 mm Hg, as well as instances 

_ where diastolic pressure persisted greater than 110 mm 

2 Bg. This classification represents a modification of that 
a used i in the Cooperative Study of Renovascular Hyperten- 
sion.’ Patients in the cured group were not precluded from 
JS Baking antihypertensive medications, and their minimum 

_ follow-up was 12 months compared to six months in the 
en report. 

Postoperative mean blood pressure in the present series 
aoe 138 + 19/87 + 12 mm Hg. This proved significantly 

e -less than preoperative blood pressures either with or with- 
a out concomitant medical therapy (P < .001). Applying cri- 

4 ji -teria developed at this center to all 113 patients, 62 (54. 9%) 

Er considered cured, 45 (39.8%) were classified im- 

_ proved, and six (5. 3%) were failures of operative therapy. 

E Eighteen patients in the improved category had blood 

_ pressures less than 150/90 mm Hg. Thus, 80 patients 

a; E, (70. 8%) in this series were normotensive following oper- 
ative intervention. Among the 21 patients subjected to re- 
_ operations, seven (33.38%) were classified cured, 12 (57.1%) 

_ improved, and two (9.5%) were considered failures. Bene- 

i fits of surgical treatment did not appear to diminish with 
longer periods of follow-up. Results in patients 60 months 

_ or more postoperatively (nine cured, four improved, one 

3 failure) were not statistically different from those fol- 
_ lowed up less than 60 months (51 cured, 42 improved, five 

a failures). Failures resulted from intraoperative misad- 
ventures in four patients and untreated contralateral re- 
E nal artery disease in two patients. 

E A Clinical results among 78 patients whose hypertension 

= existed preoperatively less than 60 months were 45 (57.7%) 

cured, 29 (37.2%) improved, and four (5.1%) failures. The 

= 35 patients whose hypertension persisted longer than 60 

months preoperatively were cured on 17 (48.6%) occasions, 

improved 16 (45.7%) times, and were classified failures 

_ twice (5.7%). The frequency of cures with sustained hyper- 
_ tension of less than 60 months’ duration did not vary 

= significantly from that when hypertension persisted for 

= longer periods. 

= Clinical results were also tested comparing 78 women 44 

years of age or younger to 28 older women. Among the 

= younger group, 44 patients (56.4%) were cured, 32 (41.0%) 

= were improved, and two (2.6%) were failures. Among pa- 

= tients older than 45 years, 14 (50.0%) were cured, 12 

_ (42.9%) were improved, and two (7.1%) were categorized as 

Pes failures. Differences in rates of cure vs improvement 
= among these different aged patients were statistically in- 

significant. 


- aa 


COMMENT 


= Clħmical experiences verifying benefits of surgical ther- 
= apy for renovascular hypertension have been frequently 
_ reported in the recent literature.'-*-"* Additional refine- 

= ments in diagnostic studies and their interpretations 
= seem necessary if therapeutic results are to continue to 
_ improve. Certain findings evolving from the present clini- 
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cal experience deserve closer scrutiny. ; 

Urographic evidence of renal ischemia in only 47% of 
our patients is decidedly different from that encountered 
in the Cooperative Study of Renovascular Hypertension. +° 
In the latter survey, abnormal findings on urograms were 
reported in 83% of patients with unilateral disease and 
71% of patients having bilateral disease. Patients in the 
present series with unilateral and bilateral lesions had a 
52% and 44% incidence of abnormal urographic studies, re- 
spectively. Discrepancies between the two studies may be 
explained in part by exclusion of arteriosclerotic reno- 
vascular hypertensive patients from the present report. 

The predictive value of hypertensive urography, using 
Bayesian principles, has been recently employed by oth- 
ers. Data generated from the present study of arterial 
fibrodysplastic renovascular hypertensives applied in a 
similar manner verify the unreliability of rapid sequence 
urography as a sereening test. Only 12.6% of unselected 
hypertensive patients with urographic studies indicative 
of renal ischemia would be expected to have hypertension 
due to obstructing renal artery fibrodysplasia. (Predictive 
value of positive hypertensive urography equals [0.47 x 
0.03]/[0.47 x 0.03 + 0.1 x 0.97] = 0.126.) This assumes an 
incidence of arterial fibrodysplastic renovascular hyper- 
tension of 3% in the hypertensive population and a false- 
positive urogram in 10% of hypertensive patients without 
renal artery fibrodysplasia as a cause. 

Arteriographic verification of hemodynamically signifi- 
cant stenoses in young hypertensive patients is an impor- 
tant prognostic sign. Evidence of collateral circulation 
circumventing a stenosis, verifying its hemodynamic sig- 
nificance, may be obtained by indirect methods. Pharma- 
coangiography, utilizing epinephrine and acetylcholine to 
alter blood flow direction in nonparenchymal renal artery 
branches, confirms their presence as collateral vessels.: 
Additional studies must be undertaken to define the 
prognostic implications of collateral vessels demonstrated 
in this manner. Selective renal artery epinephrine infusion 
before contrast injection causes later contrast injections to 
be diverted into existing nonparenchymal renal artery 
collateral vessels. Prior to infusion, these vessels function 
in conducting blood to the distal part of the renal arterial 
bed beyond hemodynamically significant stenoses (Fig 2). 
Pharmacoangiographic studies employing initial acetyl- 
choline infusion cause retrograde flow of nonopacified 
blood through previously visualized nenparenchymal 
vessels originating distal to a stenosis (Fig 3). In such 
instances, prior te infusion of this vasodilator, these vessels 
are visualized conducting contrast agent in an orthograde 
fashion and would not be recognized as collateral channels. 
The validity of assuming these vessels function as colla- 
teral channels resides in the presumption that peripheral 
renal resistance without acetylcholine infusion is higher 
than normal, and the pressure gradients across the stenosis 
are not such as to be of hemodynamic significance during 
routine arteriographic study. e 

Ninety-six patients in the present experience fad arte- 
riographic studies available for review. Among 63 with 
evidence of collateral vessels, 40 (63.5%) were cured, 19 
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Fig 1.—Left, Marked collateral circulation circumventing stenot- indicative of collateral blood flow in presence of hemodynam- 
ic lesion resulting from intimal fibroplasia; stenosis is hemody- ically significant proximal stenosis. 
namically significant. Right, Radiolucent dilution defect (arrow) 


Fig 2.—Vasoconstrictive pharmacoangiographic verification of flow in nonparenchymal collateral vessels (arrows), previously 
hemodynamic significance of stenosis. Left, Initial selective arte- not evident because they were conducting blood in retrograde di- 
riogram without demonstrable collateral circulation. Right, Arte- rection toward kidney. 
riogram after infusion of 3.5ug epinephrine causes orthograde 
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Fig 3.—Vasodilatory pharmacoangiographic evaluation of he- 
modynamic significance of stenosis. Left, Initial selective arterio- 
gram shows normal orthograde flow in nonparenchymal vessel 
(arrow) distal to stenosis. Right, Arteriogram after five-minute in- 


(30.2%) improved, and four (6.38%) were considered fail- 
ures. In contrast, of 33 patients without demonstrable col- 
lateral circulation, 14 (42.4%) were cured and 19 (57.6%) 
were improved. Differences in cure rates between these 
groups proved significant (P < .05), supporting the prog- 
nostic importance of demonstrable collateral vessels. 

Controversy exists concerning renin activity as a re- 
liable predictive index of surgical curability. This reflects, 
in part, inconsistent methods of patient preparation for 
study, as well as the heterogeneity of patients and their 
disease among differing groups of hypertensive patients. 
Renin ratios associated with unilateral disease were 
2.484 1.55 (17 patients), in comparison to ratios of 
1.99 + 0.87 (53 patients) with bilateral disease. The differ- 
ence in renin ratios between these groups did not prove 
significant (P<.1), although this may be a reflection of 
the marked variability in the former group of hyperten- 
sive patients. 

Clinical results in patients having renin ratios greater 
than 1.4 (33 cured, 22 improved, one failure), appeared bet- 
ter than those when renin ratios were less than 1.4 (four 
cured, eight improved, two failures). However, statistical 
differences between cured vs improved status were not 
demonstrated. Comparisons of results to renin ratios of 
1.4 to 2.0 (26 patients), 2.0 to 3.0 (21 patients), and greater 
than 3.0 (9 patients) did not disclose statistically signifi- 
cant different clinical outcomes relative to a cured vs an 
improved result. 

Peripheral as well as bilateral renal vein renin activity 
was determined in 20 patients. Correlation of individual 
renal-systemic renin activity [(renal renin activity-sys- 
temic renin activity)/systemic renin activity], as advo- 
cated by others, proved important.'*:'’ Data from 13 cured 
patients showed a mean renin index of 1.06+ 0.59 from 
the ischemic kidney, and 0.19+ 0.61 from the contra- 
lateral kidney. Recognizing predictable contributions of 
renin to the systemic circulation, hypersecretion from the 
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fusion of acetylcholine (80ug/min). Note reversal of flow in non- 
parenchymal branch and appearance of dilution defect (arrow), 
suggesting hemodynamic significance of proximal stenosis with 
diminutions in renal resistance and increased renal blood flow. 


ischemic kidney, and contralateral suppression were evi- 
dent among these cured patients.'*'* Seven patients clas- 
sified improved following operation exhibited a mean re- 
nin index from their ischemic kidney of 0.54 + 0.64 and 
from the contralateral kidney of 0.30 + 0.41. Ischemic kid- 
ney renin indexes in the improved patients, although ele- 
vated, were significantly less than observed in cured pa- 
tients (P<.05). Contralateral renin indexes in 
unimproved patients did not reflect renin suppression, but 
did not appear statistically different from those encoun- 
tered in cured patients. It is of note that renin ratios in 
these groups (cured 1.90 + 0.44 and improved 1.20 + 0.40) 
were statistically different (P < .01) and reflected curabil- 
ity with great aecuracy. 

Reversion of renin ratios toward unity (1.00) with evolu- 
tion of collateral vessels to a unilateral ischemic kidney is 
a tenable hypothesis.” In the present series, patients with 
unilateral lesions and collaterals had mean renin ratios of 
1.73 + 0.89. In contrast, those having unilateral disease 
without collaterals exhibited mean renin ratios of 
3.60 + 2.01. Statistically significant differences were dem- 
onstrated between these two groups (P< .05). Similarly, 
patients with bilateral disease and collaterals manifest re- 
nin ratios of 1.76 + 0.54. Patients with bilateral lesions 
without collaterals had mean renin ratios of 2.31 + 1.19. 
Differences of significance in patients with bilateral dis- 
ease were nonexistent (.1> P> .05). All inconsistencies 
aside, evidence from this work supports the fact that hy- 
perreninemia is intimately associated with renovascular 
hypertension in patients having renal artery fibro- 
dysplasia. 


CONCLUSIONS 


Autogenous saphenous vein aortorenal bypass has been 
the procedure of choice when undertaking renal revascu- 
larization at this center. Operative techniques employed 
in this series have been described in detail elsewhere.?:*:222 
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Surgical efforts must be directed toward preservation of 
renal tissue, as well as amelioration of the hypertensive 
state. Primary nephrectomy is rarely, if ever, a tenable al- 
ternative to renal revascularization. 

The importance of continuing reassessment of patients 
after revascularization was verified in an earlier report 
from this center.” In the present series, a total of 227 indi- 
vidual postoperative arteriographic examinations have 
been performed. Included were studies of 101 of 103 au- 
togenous vein aortorenal grafts performed in this experi- 
ence. Late aneurysmal dilation of four grafts in three pa- 
tients, and stenoses affecting four other grafts provided 
the impetus for reassessment of vein graft procurement 
and preparation techniques.” Excluding 32 patients hav- 
ing only early postoperative studies to date, the mean 
time from vein graft placement to latest arteriographic 
examination was 33.2 months. 

Clinical benefits of surgical therapy in the present 
series (54.9% cured, 39.8% improved, 5.3% failure) are 
rather revealing when contrasted to results associated 
with other forms of renovascular hypertension treated at 
this center during the same time period. Among 25 pedi- 
atric patients undergoing surgical procedures, 88% were 
cured, 4% improved, and 8% were considered failures. 
Operations for arteriosclerotic renovascular hypertension 


due to focal renal artery disease among 41 patients, in the 


absence of clinically overt peripheral arteriosclerotic dis- 
ease, reulted in 32% being cured, 56% improved, and 12% S 
failures. Arteriosclerotic renovascular hypertension in 51 
patients having clinically overt peripheral arteriosclerosis 
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received lesser benefits from surgical therapy with 25% 
cured, 29% improved, and 46% unimproved. In addition, an 


operative mortality of 4% occurred in the latter group of 
patients exhibiting generalized arteriosclerosis. Surgical 


deaths were nonexistent in the other 179 patients. 
Approximately 12% of patients in this experience have 

verified progression of fibrodysplastic renal artery dis- 

ease, a finding not dissimilar to that reported by others.” 


This fact and the common occurrence of bilateral lesions 


emphasizes the importance of subjecting patients to-care- 
fully planned and cautiously executed arterial reconstruc- 
tive procedures when undertaking surgical therapy. 

The contention that adults with renal artery fibro- 
dysplasia and severe hypertension should be treated oper- 
atively is supported by the present study in which 95% of 
patients benefited from operation. 


This investigation was supported by the University of Michigan Periph- 
eral Vascular Research Fund. 

Terry P. Germanson, MS; John W. McGuire, PhD; Joseph F. Walter, MD; 
and Vikrom Sottiurai, MD, contributed to this study. 
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Discussion 


RHARD H. Dean, MD, Chicago: The correlation of renal vein 
renin ratios to peripheral renins is quite interesting. Although we 
use renal vein renin measurements to confirm the diagnosis of 
renovascular hypertension, we have not correlated the degree of 
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benefit to the degree of renal vein renin positivity. 

If this “renin index” is a valid prognostic tool, one obvious use 
might be in the moderately hypertensive group of patients who 
have less difficulty in controlling their hypertension with medica- 
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tion. There i are now tairly good data to support the premise that 
operative management of severe and difficult-to-control reno- 


= vascular hypertension is better than medical management. Such 
Etats are not available, however, in patients with only moderate 


salat hypertension. If one could accurately predict that 
the patient would be cured, rather than only improved, with this 


index, it would certainly be a valuable adjunct in clinical practice. 
‘My question then is: Have you used this as a prognostic index 


_ preoperatively in patients with less severe hypertension? If a cure 


could be predicted, an operation would definitely be preferred, for 
these patients then would not be subjected to years of therapy 
with antihypertensive medications. 

Maxis J. Tsapocas, MD, Albany, NY: I would like, if I may, to 
ask the following questions: What was the incidence of fibro- 


_ dysplasia in other arteries in their series besides the renals? It has 


been observed by others, including our group, that hypertension 
may recur during the follow-up period, despite the initial postop- 
erative satisfactory results. What was the percentage of recur- 
rence in their study? Finally, have Dr. Stanley and Dr. Fry en- 
countered substantial technical difficulties in diffuse distal renal 
fibrodysplasia? 

Dr. STANLEY: Renal systemic renin indexes have not been used 
to support surgical rather than medical therapy in the minimally 
hypertensive patient. Renal vein sampling and assay for renin ac- 


= tivity is important in verifying the relative importance of an is- 


chemic kidney. Invasive studies are necessary for determination 


= of renal renin ratios or indexes and as such are inappropriate 
= screening tests for the presence of surgically correctable reno- 
_ vascular hypertension. Measurement of peripheral renin activity 


in association with urinary sodium excretion, however, may verify 
hyperreninemia due to renovascular disease. In such circum- 
stanees, particularly with arteriosclerotic occlusive disease, pe- 
ripheral renin activity assay might prove an important screening 
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procedure. Similarly, the effect of angiotensin blocking agents on 
blood pressure may provide an accurate diagnostic assessment of 
hyperreninemic states. 

Fibrodysplastic stenoses of renal arteries and secondary hyper- 
tension represent the sequel of what probably is a systemic arte- 
riopathy. Thirteen of our patients had nonrenal arterial dysplasia 
involving the extracranial carotid and vertebral vessels; the celiac, 


‘superior mesenteric, and hepatic arteries; as well as the iliac ves- 


sels. Five patients had splenic artery aneurysms. Vessel wall 
changes, compatible with medial fibroplasia, undoubtedly affect to 
a lesser extent many other muscular arteries in these same pa- 
tients. 

Recurrent hypertension is a distinct possibility among patients 
with renovascular disease and emphasizes the importance of care- 
ful long-term follow-up. Progression of contralateral disease or 
late stenoses of acrtorenal grafts may occur and require another 
operation. We were unable to demonstrate blood pressure differ- 
ences in patients followed up less than, or longer than, 60 months 
in the presence of stable disease and a satisfactory initial oper- 
ation. Patients who were termed failures, although few in num- 
ber, had persistent hypertension noted in the immediate postoper- 
ative period. In patients having arterial fibrodysplasia, failures 
usually represent technical mishaps rather than errors in patient 
selection for operation. 

Much has been written and said concerning the methodology of 
renal revascularization. We prefer in situ reconstructions to ex- 
vivo repairs in most instances of distal disease. Dr. Fry and I 
would emphasize one fact—initial operative procedure is the one 
that counts. Technical problems arising when secondary oper- 
ations are undertaken are considerable and may lead to subse- 
quent nephrectomy. Well-planned and executed primary arterial 
reconstructions afford the best chance for preservation of renal 
tissue and amelioration of arterial hypertension. 
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_ Ergotism 


Lyle G. Henry, MD; John S. Blackwood, MD; James E. Conley, MD; Victor M. Bernhard, MD 


Severe extremity ischemia developed in four patients who had 
ingested methysergide maleate or ergot for the relief of head- 
ache. Symptoms involved the upper extremity in two patients and 
the lower extremity in two. Spontaneous reversal of the ischemic 
picture was obtained by simple discontinuation of ergot in most 
instances, although intra-arterial vasodilators were used in one 
case. Angiography disclosed arterial spasm and was a useful 
adjunct in confirming the cause of ischemia in each of the pa- 
tients. It was especially useful when a history or ergot ingestion 
was not immediately available. 


got poisoning affords the surgeon a rare opportunity 

to manage spontaneously reversible peripheral limb 
ischemia. Scattered reports detailing the angiographic 
findings of ergot poisoning have appeared in the radio- 
logic literature, however, the problem has been rarely 
documented in surgical journals. 

Outbreaks of epidemic ergotism came into prominence 
in the middle ages coincident with increasing rye con- 
sumption among Central and Northern European peo- 
ples.’ During these epidemics, three clinical forms of er- 
gotism became evident; alimentary with diarrhea, 
abdominal cramps, and vomiting; neurologic with head- 


ache, convulsion, and coma; and circulatory, accompanied 


by peripheral ischemia.’ In some reported instances, is- 
chemia became so severe that digits quickly became gan- 
grenous with eventual auto-amputation.* The peripheral 
ischemic manifestations were referred to as St. Anthony’s 
fire, due to the character of the pain and the perception 
that the hospitals of St. Anthony were the most successful 
treatment centers. This propitious result was apparently 
related to the fact that breads served in these institutions 
were free of infected grains. 
It was not until later in the 19th century that the pro- 
duction of ergot alkaloids by the action of Claviceps pur- 
purea on rye was identified. The subsequent isolation of 
ergot compounds in the early 20th century by Stoll* and 
“later investigation by Lewis and Gelfand? clarified the 
pathophysiology of ergot poisoning. Recently, the cause of 
ergot poisoning has shifted dramatically. Not since 1951° 
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present time, toxic effects are related to the ingestion of 





im 


has contaminated rye been implicated in ergotism. At the a; 


ergot alkaloids prescribed for the treatment of migraine k 


syndrome and postpartum hemorrhage. 


Pharmacologically, the ergot compounds produce direct ~ 
vasoconstriction and peripheral alpha-adrenergic block- — 


ade. In the muscular arteries of the extremities and in 


some other organs, this effect appears to be due to an ac- _ 


tion on the same receptors involved in responses to cate- 
cholamines.* There may also be a direct effect that pro- 
duces irreversible damage to the endothelium.’ These 
factors conspire to produce stasis and thrombosis in dis- 
tributing arteries with subsequent tissue necrosis if 
ischemia is severe.’ The case for withholding ergot com- 
pounds from patients with fever, sepsis, pregnancy, he- 
patic or renal dysfunction, arteriosclerotic heart disease, 
thyrotoxicosis, and hypercoagulable states has been well 
documented.®-° Unfortunately, there is no way to identify 
those patients without these underlying diseases who will 
be sensitive to initial doses of the alkaloids or who will in- 
gest excessive amounts, especially in the face of severe 
cephalgia. 


REPORT OF CASES 


Case 1.—A 49-year-old man was hospitalized for treatment of 
second- and third-degree burns of the left forearm and hand. His 
clinical picture was complicated by acute and chronic alcoholism. 
Admitting laboratory examination findings disclosed abnormal 
liver functions and an elevated blood urea nitrogen level. Initial 
therapy consisted of local wound care, antibiotics, sedation, and 
intravenously given fluids. 

On the fourth hospital day, he complained of migraine head- 
aches; methysergide maleate (Sansert), 2 mg/day, and inter- 
mittently given ergotamine tartrate (Cafergot) suppositories 
were prescribed. During this period, his burn wounds continued to 
improve with debridement and skin grafting. On the 34th hospital 
day, he complained of severe pain in the left forearm and hand. 
The radial and ulnar pulses were absent and the fingers were no- 


ticeably ischemic. Emergency angiography disclosed 90% occlusion _ 
of the brachial artery; the left radial artery did not fill (Fig 1, top — 


left). Exploratory surgery showed a very high takeoff of the radial 
artery from the brachial with an associated area of narrowing. 
The radial artery was dilated with Fogarty catheters without re- 
trieval of clot and a vein patch angioplasty was performed. On the 
first postoperative day, the hand was viable with weakly palpable 
radial and ulnar pulses. That evening the hand was again severely 
ischemic. Repeated angiography showed intense spasm of all fore- 
arm vessels, though all were patent (Fig 1, top right). This angio- 
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gram suggested ergotism as the cause of the ischemic process. Er- 
got preparations were withheld and a stellate ganglion block was 
performed. Within 48 hours, circulation to the hand improved with 
the return of bounding radial and ulnar pulses. Six days later, a 
third angiogram disclosed normal forearm vasculature (Fig 1, bot- 
tom). In spite of return of circulation to the major conducting ves- 
sels, ischemic necrosis of the second, third, and fourth fingers de- 
veloped requiring distal digital amputation. 


Although methysergide and ergotamine had been used 
by this patient extensively prior to this hospitalization, 
the role of alcohol withdrawal and transiently abnormal 
liver functions may have precipitated his toxic reaction to 
the alkaloids. This case illustrates the characteristic an- 
giographic findings that, if correctly interpreted, would 
have prevented an unnecessary arterial exploration. 


Case 2.—A 61-year-old woman was admitted to the hospital with 
incapacitating claudication of both lower extremities. She also 
complained of a dull ache in her back and thighs, which had been 
treated by traction and a nephrectomy for an “inactive” kidney, 
without relief of her symptoms. Eight months prior to admission, 
claudication became more severe, and she noted that her toes were 
cold and numb. Femoral, popliteal, and pedal pulsations were ab- 
sent. Translumbar aortography disclosed partial obstruction of 
the abdominal aorta, common iliac, and proximal part of the right 
renal artery (Fig 2, left). Exploratory laparotomy showed the ret- 
roperitoneum to be a mass of fibrous tissue. A biopsy of the ret- 
roperitoneum was performed, and specimens disclosed chronic in- 
flammation; no attempt was made to free the incarcerated 
arteries. Intensive retrospective questioning disclosed that she 
had been taking methysergide maleate, 2 mg/day, for migraine 
headaches for two years at the suggestion of her pharmacist, and 
had discontinued this medication a few weeks before admission to 
the hospital. 

Two months later, walking tolerance was unlimited, pedal 
pulses were readily palpable, and a repeated aortogram showed 
regression of arterial obstruction" (Fig 2, right). 

Case 3.—A 45-year-old man was admitted to the hospital with 
complaints of pain, numbness, and coldness of his right hand. For 
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Fig 1.—Top Left, Severe stenoses of the distal brachial artery 
with an absent radial artery (case 1). Top right, Diffuse spasm of 
brachial and forearm vessels after patch angioplasty. Bottom, Re- 
lief of arterial spasm after ergot alkaloids were discontinued. 





Be 


ten days prior to his hospitalization, he had experienced a series of 
daily migraine headaches, each responding to one ergotamine tar- 
trate suppository, the medication most recently prescribed for his 
21-year history of migraines. On the morning of admission to the 
hospital, another headache began. He took one suppository, but 
experienced no relief; he then took another 1% hours later, He 
went to sleep but was awakened four hours later by pain and cold- 
ness of his right hand. 

On examination, his hand appeared cadaveric with no pulses 
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Fig 2.—Left, Initial aortogram (case 2). Note partial aortoiliac occlusion. Right, Normal-appearing vessels two months after dis- 


continuance of methysergide maleate. 








Fig 3.—Left, Progressive tapering to complete occlusion of upper brachial artery (case 3). Right, No obstruction and normal appear- 


ance of proximal axillary artery. 


palpable below the upper brachial. Pulses in the left arm and both 
legs were normal. Intravenously administered papaverine hydro- 
hloride and a stellate ganglion block failed to improve the 
patient’s symptoms or the appearance of the hand. Subsequent 
angiography demonstrated severe arterial spasm and a short seg- 
mental occlusion in the upper third of the brachial artery (Fig 3, 
left and right). Intra-arterially given tolazoline (Priscoline) hydro- 
chloride was administered and spasm appeared to relent in 30 
minytes. Forty-five minutes after angiography, the patient expe- 
rienced decreased pain and the appearance of paresthesias. The 
nailbeds were pale, but palmar aspects of his fingers were pink. 
Thè pulses remained absent. A weak radial pulse was palpable the 
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following day, which progressed to a full pulse and complete 
relief of symptoms within two days. This case represents a 
radiographically proved, though clinically obvious, instance of er- 
gotism. 

Case 4.—A 32-year-old woman was hospitalized for evaluation 
of migraine headaches, hypertension, and progressive claudica- 
tion of her right leg and calf. She took two to three tablets of er- 
gotamine tartrate daily and would take additional tablets in the 
face of prodromal symptoms. 

Physical examination showed a diminished right femoral pulse; 
there were no distal pulses. Left leg pulses were normal. Os- 
cillometry disclosed substantial impairment in the right leg. A 
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Fig 4.—Progressive tapering to occlusion of right external iliac 
artery (arrow) with enlargement of internal iliac and well-devel- 
oped collaterals. No evidence of atherosclerosis in proximal or 
distal vessels. 


translumbar aortogram (Fig 4) showed tapered narrowing of the 
right external iliac artery. The internal iliac was enlarged and 
supplied collaterals to the right superficial femoral. Proximal ves- 
sels were free of arteriosclerotic changes. 

All ergot medications were discontinued. On a repeated exami- 
nation six months later, she was symptom-free. Right leg pulses 
were full and equal to the left; vascular studies showed normal 
pulse volumes at all levels. 


COMMENT 


Patients with ergot-induced arterial insufficiency are 
usually women, younger than the age of 40 years. Approx- 
imately 60% to 70% of patients have limb ischemia affect- 
ing the lower extremities, however, any, or all, of the ex- 
tremities may be affected.**""* Cases of coronary," renal," 
carotid," and mesenteric ergotism have been reported. 
In one instance, spasm in major venous channels required 
iliac vein catheterization for intravenous fluid adminis- 
tration. The history of recent, usually self-prescribed, er- 
got ingestion is obscure or ignored. Frequently, the an- 
giographer is the first to suggest the proper diagnosis. 

At the present time, there are less than 40 reported 
cases of ergot-induced arterial insufficiency studied angi- 
ographically. The first such patient was described in 1936 
by Yater and Cahill.” In their review, Bagby and Cooper’ 
summarized the localization of the lesions and described 
the radiographic findings. Major arteries, such as the fem- 
oral and brachial, show substantial spasm with abruptly 
tapered smooth narrowing. This is usually present bilater- 
ally.* The proximal vessels are usually normal and free of 
atherosclerotic disease. Evidence of thrombus formation 
and collateralization may or may not be present.” With 
cessation of ergot administration, the vessels usually re- 
turn to normal with regression of collateral circulation.” 

Many cases of ergot poisoning are recognized merely by 
a high level of suspicion, especially when acute arterial in- 
sufficiency is encountered in a young patient known to be 
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taking ergot alkaloids. Resolution of the clinical picture on 
discontinuance of the drug is sufficient presumptive evi- 
dence for the diagnosis. In the patient in whom the cause 
is obscure, angiography is recommended to establish the 
diagnosis and to rule out other causes of ischemia. Nonin- 
vasive techniques, such as ultrasound, plethysmography, 
and thermography, are useful adjuncts for initial eval- 
uation and documentation of progress of the disease.” 

Treatment requires immediate and permanent discon- 
tinuance of ergot administration. Reestablishment of 
arterial flow as rapidly as possible is mandatory to pre- 
vent ischemic necrosis. Intra-arterial vasodilators such as 
tolazoline,* intravenously given alcohol, and intrave- 
nously given niacin sodium,’ and the smooth muscle spas- 
molytic agent papaverine’ have been shown to be effec- 
tive and should be used promptly if ischemia is severe. 
Sympathetic blockade has been credited with prevention 
of gangrene, however, its role is controversial as ergot 
acts directly on smooth muscle receptors. Intravenously 
given heparin sodium or low molecular weight dextran 
should be started immediately and continued until is- 
chemia is relieved, in order to minimize thrombosis due to 
stasis and endothelial damage. 
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Accuracy of Ultrasound 


in Diagnosing Abdominal Masses 


Robert Richardson, MD; Lawrence W. Norton, MD; John Eule, MD; Ben Eiseman, MD 


B-mode ultrasonography was performed in 246 patients with 
suspected abdominal masses over a seven-year period. In 105 
(43%), the accuracy of ultrasonic diagnosis was evaluated surgi- 
cally. Sonography was proven correct in 60 (57%) patients who 
had undergone operation. Among 141 patients who had not un- 
dergone operation and whose diagnoses were established by 
other means, ultrasonography agreed with the clinical diagnosis 
in 69 (31%). 

Ultrasound accuracy, as confirmed by operation, was highest 
for splenic masses (100%) and for aortic aneurysm (88%). Liver 
masses were correctly identified in 56% of patients and gallblad- 
der lesions in 38%. While only a 48% accuracy was obtained in 
diagnosing pancreatic disease, 64% of all pseudocysts were lo- 
calized. Ultrasonography correlated positively with operative 
findings in 56% of renal masses. Intraperitoneal abscess was 
accurately diagnosed in 61% of patients but retroperitoneal 
adenopathy in only 33%. 

Abdominal ultrasonography, while accurately diagnosing 
splenic and aortic masses, failed to identify approximately half 
of other mass lesions. Improved techniques hold promise of im- 
proving this diagnostic accuracy. 


Itrasound scanning is a simple, available, and rela- 
tively inexpensive means of diagnosing abdominal 
mass lesions. This noninvasive technique has proved help- 
ful in detecting obscure masses that cannot be defined by 
routine roentgenography.' 

Previously reported experience with abdominal sonog- 
raphy suggests that certain masses, such as abdominal 
aortic aneurysm, can be diagnosed easily,’ while others, 
Such as intraperitoneal abscess, are less frequently de- 
tected.’ While much attention has been given to sono- 
graphic technique and application, less emphasis has been 
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placed on determining the accuracy of ultrasound diag- 
nosis. 

This study reviews our experience with ultrasound 
scanning for identification of abdominal masses in non- 
obstetric patients. It assesses the accuracy of ultrasound 
diagnosis in patients with and without subsequent oper- 
ative confirmation. 


METHODS 


During the seven years, 1967 to 1974, B-scan ultrasound was 
used to diagnose abdominal mass lesions in 246 patients at the 
Denver General Hospital. Ages ranged from 1 day to 85 years, 
with a mean of 49 years. Males (63%) outnumbered females (37%). 

Only four examinations were performed in the first year of the 
study compared to 101 in the seventh year (Fig 1). The frequency 
of ultrasonic study of abdominal masses increased sharply during 
the fifth year (1971) when information regarding the technique 
became widely disseminated among surgical staff and a radiol- 
ogist devoted his efforts exclusively to sonography. 

The exact nature of the abdominal mass studied ultrasonically 
was established by subsequent laparotomy in 105 (43%) patients 
(Fig 2). Among these patients who underwent operation, nine had 
masses in the liver, eight in the gallbladder, five in the spleen, and 
23 in the pancreas. Sixteen had renal masses and eight had ab- 
dominal aortic aneurysm. Other intraperitoneal mass lesions, in- 
cluding abscess (23), were found in 33 patients and retroperitoneal 
masses were discovered in three (Table 1). 

The 141 patients who did not undergo operation were studied ul- 
trasonically for known or suspected abdominal masses. In two 
thirds of them, the nature and site of the mass was indicated by 
physical examination, routine roentgenography, angiography, or 
endoscopy. In the others, the identity of the mass was more ob- 
scure, although a clinical diagnosis was made (Table 1). Fifty- 
four patients who did not undergo operation were thought to have 
masses of the liver (11), gallbladder (three), or pancreas (40). Re- 
nal lesions were suspected in 37 and aortic aneurysm in 18. In- 
traperitoneal masses, including abscesses, were diagnosed clini- 
cally in 31 and a retroperitoneal mass in one patient. 

The accuracy of ultrasound diagnosis was determined by com- 
paring sonographic findings of the nature and site of an abdomi- 
nal mass to tissue diagnosis obtained at operation or to the clinical 
impression in patients who had not undergone operation. Com- 
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parison was made by a physician reviewer who had no prior 
knowledge of patients or sonographic technique. Sonograms were 


4 t _ hot reexamined for purposes of revising diagnosis but were re- 
= viewed for possible explanation of false-positive or false-negative 
-~ interpretation. 


Operations confirming ultrasound diagnosis were performed be- 
tween one and 31 days (mean, eight days) after examination. Fol- 
low-up of patients who did not undergo operation ranged from 
two weeks to 49 months (mean, 7.7 months). The final clinical im- 
pression of the nature of the abdominal mass in such patients was 
used for comparison to sonographic diagnosis. 

No substantial change in scanning technique occurred during 
the study period. Interpretation of sonograms prior to the fourth 


} ; year (1971) involved four radiographers, while only one (J.E.) was 


responsible for diagnosis thereafter. 
RESULTS 


In 60 (57%) of 105 patients who underwent operation, ul- 
trasound diagnosis of an abdominal mass was shown to be 
correct (Table 2). Among 141 patients who did not un- 
dergo operation, ultrasound findings agreed with the clini- 
cal diagnosis in 69 (49%) (Table 3). 


Liver 


The accuracy of sonography in diagnosing a liver mass 
_in patients who were later operated on is tabulated in 
Table 4. Among nine such patients, overall accuracy was 
56%. Five of seven patients (71%) shown to have liver me- 
tastases at laparotomy were correctly diagnosed preoper- 
atively by ultrasound. Two other patients with either liver 
abscess or cyst were not diagnosed. 

Among 11 patients who did not undergo operation and 
who were thought to have a liver mass, ultrasound corre- 
lated positively with clinical diagnosis in only four (36%). 
One patient had a palpable liver mass, thought to be hepa- 
toma, which was not shown sonographically. Four had 
clinical evidence of hepatic abscess, but in only one did ul- 
trasound suggest this diagnosis. Liver metastases were 
identified by technetium Tc 99m scan in four patients, two 
of whom were also diagnosed by ultrasound. In two oth- 
ers, a clinical impression of hepatomegaly (Riedel lobe) 
was not supported by sonography. 


Gallbladder 


In three of eight (38%) patients who underwent oper- 
ation, ultrasound had diagnosed lesions of the gallbladder. 
Three of four patients with gallbladder distention were so 
diagnosed prior to operation (Table 4). In four others, the 
presence of gallstones, measuring 1.5 cm in diameter or 
more, was missed. 

_Distention of the gallbladder was not found by ul- 


trasound in two of three patients who were not operated | 


on and who had enlarged gallbladders as shown by cho- 
lecystography. 


Spleen 


All three patients with surgically proven splenomegaly 
were diagnosed correctly by B-scanning (Table 4). A sub- 
capsular hematoma of the spleen was identified in another 
patient prior to splenectomy. Actual splenic rupture was 





diagnosed in atten whose sonogram is reproduced in 
ec 


Fig 3. Sound echos were detected in the midst of the nor- 
mally sonolucent spleen area giving evidence of hema- 
toma dividing splenic pulp. 

There were no patients who did not undergo operation 
who had a suspected spleen mass. 


Pancreas 


Twenty-three patients had operative evaluation of a son- 
ographic diagnosis made in regard to pancreatic disease. 
A correct diagnosis was made in 11 (48%). Only nine (64%) 
of 16 suspected pseudocyst patients were accurately diag- 
nosed by ultrasound (Table 4). In three of the five misses, 
a false-positive diagnosis was made, and in two a false- 
negative interpretation was given. Figure 4 shows an ex- 
ample of the latter. The sonolucent area in the head of the 
pancreas actually proved to be a pseudocyst at operation. 

Six patients who underwent operation had carcinoma of 
the pancreas proved by biopsy examination. In two, prior 
sonography revealed a solid pancreatic tumor. One patient 
had pancreatitis with marked peripancreatic inflamma- 
tion creating a palpable abdominal mass that was not de- 
tected by ultrasound before operation. Two other patients, 
diagnosed as having pancreatitis by ultrasound, had a 
normal pancreas at exploration. 

A clinical diagnosis of pancreatic mass was supported 
by sonography in 13 (83%) of 40 patients who did not un- 
dergo operation (Table 3). Pseudocyst was suspected in 25, 
of whom eight (32%) had sonograms making this diag- 
nosis. Six additional patients were thought to have carci- 
noma of the pancreas. Ultrasound showed a solid mass in 
two. Of nine patients with pancreatitis and a palpable 
mass who did not undergo operation, three were similarly 
diagnosed by ultrasound. 


Kidney 


Masses within the kidney were identified by operation 
in 16 patients. Sonography diagnosed the lesion preopera- 
tively in nine (56%). Two of five patients with renal carci- 
noma were so diagnosed (Table 4). In each of four cases of 
solitary cyst, ultrasound scanning detected the lesion. Re- 
nal calculi were diagnosed in two of three patients but 
perinephric abscess was missed in two others. One of two 
patients with multiple renal cysts who had undergone op- 
eration was diagnosed sonographically. 

Thirty-seven patients had evidence of a renal mass on 
the basis of pyelography or angiography. In 26 (70%) ul- 
trasound diagnosis correlated positively with these find- 
ings. A solitary cyst was shown roentgenographically in 
18 patients, seven of whom had supporting sonogram, 
Seven others had a clinical diagnosis of solid renal tumor 
that could be seen sonographically in three. Polycystic kid- 
ney was suspected in five with 60% ultrasound correlation. 
Hematoma was the clinical diagnosis in three patients, 
one of whom had a confirmatory sonogram. 


Aorta 


Of 26 patients examined ultrasonically for possjble 
abdominal aortic aneurysm, eight were operated on subse- 
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Fig 1.—Frequency of ultrasonic diagnosis of abdominal masses 
increased markedly during fifth year (1971) of study. Half-year 
figures for 1974 are not shown. 


Fig 2.—Ultrasound diagnosis (DX) of abdominal mass was eval- 
uated operatively in 43% of patients. In remainder, sonography 
was compared to nonoperative clinical diagnosis. 


NONOPERATIVE 


DX 
(57 %) 





Table 1.—Site of Abdominal Masses* 


j Patients Patients Not 

Site Operated On Operated On Total 
Liver 9 11 20 
Gallbladder 8 3 11 
Spleen 5 0 5 
Pancreas 23 40 63 
Kidney 16 37 53 
Aorta 8 18 26 
lmtraperitoneal 33 31 64 
Retroperitoneal 4 





ê Site confirmed in 105 patients who were operated on and sus- 
pected in 141 patients who were not operated on. 


Arch Surg—Vol 110, Aug 1975 


quently. Seven (88%) of these had been diagnosed as hay- 
ing an aneurysm by ultrasound (Table 4). In one success- 
fully diagnosed patient, aneurysm was not shown by 
aortography but was obvious on the sonogram (Fig 5). By 
increasing gain of the B-scanner, clot lining the aneu- 
rysm, which had led to mini-interpretation of the aorto- 
gram, was identified. The single patient who underwent 
operation in whom the diagnosis of aneurysm was missed 
had a technically unsatisfactory examination. 

Only seven (39%) of the 18 operated patients thought to 
have abdominal aortic aneurysm who did not undergo op- 
eration had sonograms suggesting this diagnosis. These 
patients have been observed by periodic ultrasound exam- 
ination for evidence of increasing aneurysm size. No pa- 
tient clinically diagnosed as having aortic aneurysm who 
had a normal sonogram has developed an expanding aortic 
mass. 


Intraperitoneal 


Thirty-three patients, studied preoperatively by ul- 
trasound, were found at laparotomy to have intraperito- 
neal masses in areas not previously described. Nineteen 
(58%) were diagnosed correctly by ultrasound. A total of 
23 patients who underwent operation were found to have 
one or more intraperitoneal abscesses measuring at least 3 
cm in diameter. In 14 (61%) the size and location of the ab- 
scess was accurately predicted by sonography (Table 4). 
The success of ultrasound in localizing intraperitoneal pus 
is tabulated in Table 5. Subphrenic abscess was identified 
in six (75%) of eight patients. Subhepatic abscess was 
found in two of four patients and appendiceal abscess in 
three of four. Abscesses of the lesser sac and the right 
paracolic area were missed in separate patients. 

Intraperitoneal masses in other patients who had un- 
dergone operation included ovarian cyst (two), uterine 
myoma (one), colon carcinoma (two), mesenteric cyst 
(one), urinary bladder carcinoma (one), hematoma (two), 
and metastatic cervix carcinoma (one) (Table 4). A preop- 
erative sonographic diagnosis identified the mass in five 
(50%) of ten patients. 

Twenty-one patients had a clinical diagnosis of intra- 
peritoneal abscess but did not undergo laparotomy. 





Table 2.—Ultrasound Accuracy in Patients 
Who Underwent Operation* 
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Correct 
Site of Mass Patients Diagnosis 
Liver 9 5 (56%) 
Gallbladder 8 3 (38%) 
Spleen 5 5 (100%) 
Pancreas 23 11 (48%) 
Kidney 16 9 (56%) 
Aorta 8 7 (88%) 
Intraperitoneal 33 19 (58%) 
Retroperitoneal 1 (33%) 


* Ultrasonic diagnosis of abdominal mass correct in 60 (57%) of 
patients who underwent operation. 
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: _ Twelve (57%) of these patients had ultrasonic evidence of 


abscess. Among ten other patients with suspected in- 
traperitoneal lesions who did not undergo operation, six 


a _ (60%) had sonograms that agreed with the clinical diag- 


nosis. Positive correlation of ultrasound with the clinica] 
diagnosis in a total of 31 patients with intraperitoneal 
mass who did not undergo operation was 58% (Table 3). 


Retroperitoneal 


Para-aortic adenopathy constituting a palpable abdomi- 
nal mass was discovered surgically in three patients. One 
had been diagnosed by preoperative ultrasound scan 


(Table 4). 


A single patient who had not undergone operation was 
presumed to have retroperitoneal adenopathy but this was 
not confirmed sonographically. 


False-Positive vs False-Negative 


The nature of ultrasonic misdiagnosis is analyzed in 
Table 6. Among 45 patients who underwent operation, 25 
(56%) had a false-positive diagnosis and 20 (44%) had a 
false-negative interpretation of sonograms. False-posi- 
tive diagnoses were more common with renal masses and 
intraperitoneal abscess. A false-negative impression was 
responsible for four of five missed gallbladder diagnoses. 


COMMENT 


During the seven years of this study, B-scan ultrason- 
ography was introduced and popularized as a means of 
diagnosing abdominal masses. Errors of interpretation 
during early experience were due to limited training, lack 
of diagnostic criteria, and variability of equipment. Such 
factors no longer pertain, but it is obvious that ultrasound 
is still of limited value in defining the nature of many ab- 
dominal masses. 

Surprisingly few studies have evaluated the accuracy of 
ultrasound diagnosis of nonobstetric abdominal masses 
since the initial report of the technique by Howry and 


Bliss in 1952.‘ Limitations of sonography were described 


by Holm’ in his review of patients with lesions in the up- 
per part of the abdomen. While solid or cystic masses mea- 
suring at least 2 to 3 cm in diameter were readily de- 
tected, smaller lesions or those covered by gas-filled 
intestine were not. 

Recently, attention has been drawn to the accuracy of 


_ ultrasound in detecting abdominal aortic aneurysm.? The 


elastic walls of the aorta constitute a distinct acoustic 
density making the structure easy to identify. Aneurysms 
can be measured with an accuracy of + 3 mm and echoes 
from thrombi within the vessel often can be demonstrated. 
Our experience confirms that ultrasonography is an ideal 
means of diagnosing and following up abdominal aortic 
aneurysm. The only false-negative result was due to bowel 
gas, which prevented adequate sound penetration of the 


_ aneurysm. To a great extent, this error can be obviated by 


newer techniques. l 

Other potential sources of error in diagnosing aortic an- 
eurysm are (1) enlarged periaortic lymph nodes that can- 
not be acoustically separated from aorta and (2) excessive 
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Table 3.—Ultrasound Accuracy in Patients 
Who Did Not Undergo Operation* 











Correct 













Site of Mass Patients Diagnosis 
Liver 11 4 (36%) 
Gallbladder i 3 1 (33%) 
Spleen | 0 0 
Pancreas 40 13 (33%) 
Kidney | 37 26 (70%) 
Aorta 18 7 (39%) 
Intraperitoneal 31 18 (58%) 
Retroperitoneal 0 





* Ultrasonic diagnosis agreed with clinical diagnosis in 69 (49%) 
patients who did not undergo operation. 





Table 4.—Accuracy of Ultrasound in Diagnosing Abdominal 
Mass in Patients Who Underwent Operation* 






Correct 















Mass Patients Diagnosis 
Liver 
Metastatic carcinoma 7 5 (71%) 
Abscess 1 0 
Cyst 1 0 
Gallbladder 
Distention 4 3 (75%) 
Stones 4 0 
Spleen 
Splenomegaly 3 3 (100%) 
Hematoma 1 1 (100%) 
Rupture 1 1 (100%) 
Pancreas 
Pseudocyst 14 9 (64%) 
Carcinoma | 6 2 (33%) 
Pancreatitis 3 0 





nF 
















Kidney 
Carcinoma 5 2 (40%) 
Single cyst 4 4 (100%) 
Stones 3 2 (67%) 
Multiple cysts 2 1 (50%) 
Abscess 2 0 
Aorta 
Aneurysm 8 7 (88%) 
Intraperitoneal 
Abscess 23 14 (61%) 
Ovary-uterus 3 2 (67%) 
Colon 2 1 (50%) 
Other 5 2 (40%) 
Retroperitoneal 
Nodes 3 1 (33%) 





* Among patients who underwent operation, accuracy of ultrasonog- 
raphy was highest for splenic masses and aortic aneurysm and 
lowest for gallstones. 


gain settings on B-scan equipment that obscure the aneu- 
rysm, since intraluminal thrombus produces echoes at 
high gain. . 

The ability of ultrasound to define the nature of splenic 
masses in all patients studied was an unexpected findiag 
of this study. The high posterior position of the spleen 
should make it less acoustically accessible than other ab- 
dominal organs. Scanning is done between the ribs so that 
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Fig 3.—Line of echoes within sonolucent spleen of trauma 
patient (arrow). Diagnosis of splenic rupture was confirmed by 
laparotomy. 


Fig 4.—Sonolucent area (arrow), in head of pancreas, which, 
contrary to ultrasound diagnosis, proved to be small pseudocyst. 


Fig 5.—Sonolucent space (arrow) representing aortic aneurysm 
in patient whose aortogram showed no aneurysm. 
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bone echo artifacts do not produce false-positive echoes 
within the spleen. Small splenic lesions shadowed by the 
ribs might be obscured altogether. Gas in either the 
splenic flexure of the colon or the fundus of the stomach 
might also prevent adequate sound penetration for vis- 
ualization of the spleen. 

The diagnostic detail seen in two patients with splenic 
trauma suggests that sonography be used routinely to 
evaluate trauma patients suspected of having delayed 
rupture of the spleen. The repeatable, noninvasive nature 
of the technique has special application in such patients. 

The usefulness of ultrasound for diagnosis of hepatic 
masses is considerably less than for aortic and splenic 
masses. With present equipment, the diameter of solid le- 
sion, such as liver metastases, must exceed 3 to 4 em be- 
fore the mass can be identified. Such extensive metastatic 
disease was present in our patients with abnormal scans. 
Metastases may appear (1) as patches of echoes within the 
sonolucent liver, (2) as sonolucent areas when the liver is 
scanned at high gain settings, or (8) as doughnut-like 
echoes with an outer ring of acoustical density and an in- 
ner sonolucent area. At present, ultrasound cannot con- 
tribute decisively to the differential diagnosis between 
cirrhosis and metastases.' 

We were disappointed that sonography failed to detect 
fluid-filled spaces in the livers of two patients. Subsequent 


Table 5.—Ultrasound Accuracy in Localizing 
Intraperitoneal Abscess* 


Correct 
Diagnosis 


2 (67%) 


Abscess Site Patients 
Subphrenic, right 3 
Subphrenic, left 4 (80%) 
Subhepatic 2 (50%) 
Lesser sac 0 
Appendiceal 3 (75%) 
Paracolic 0 
Pelvic 2 (50%) 
Abdominal wall 1 (100%) 





* Overall accuracy of ultrasound in localizing intraperitoneal ab- 
scess was 61%. 


Table 6.—Nature of Ultrasonic Misdiagnosis in Patients 
Who Underwent Operation* 


Site of Mass 
Liver (4) 
Gallbladder (5) 
Spleen (0) 


False-Positive False-Negative 


Kidney (7) 

Aorta (1) 
Intraperitoneal (14) 
Retroperitoneal (2) 


1 
4 
0 
Pancreas (12) 7 
1 
1 
4 





* Of 45 patients who underwent operation and who were misdiag- 
nosed by ultrasound, 25 (56%) had false-positive and 20 (44%) had 
false-negative interpretations. 
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experience suggests that intrahepatic abscesses of less 


than 3 cm diameter will be missed in half of the patients 
studied by B-mode scanning. 

As confirmed in this study, ultrasound appears to have 
no advantage over roentgen cholecystography in detect- 


_ ing gallstones.’ Respiratory motion can obscure echoes 
from gallstones. Furthermore, a stone must be of suff- 


cient size (0.5 to 1.0 cm) and have adequate acoustic differ- 
ence from bile to produce detectable echoes. Reverber- 


ation artifacts from ribs and the anterior body wall can 
_ produce echoes within the gallbladder that might be mis- 
taken for gallstones. Ultrasound may be of value, how- 
_ ever, in cases of roentgenographic nonvisualization of the 
_ gallbladder or in patients who cannot tolerate cholecystog- 
_ raphy.’ Since sonography does identify gallbladder dis- 


tention with reasonable accuracy, it may prove to be of 


some use in patients with obstructive jaundice. 


Also disappointing was the low rate of accuracy of ul- 


_trasound in diagnosing pancreatic disease. Other reported 
experience suggests that pseudocysts might be detected 


with accuracy approaching 90%.7-° Instead, only two thirds 
of our pseudocyst patients were correctly diagnosed. 


_ False-positive errors were reduced in more recent experi- 


ence by recognizing the echo pattern of massive edema 


_ surrounding the inflamed pancreas. Occasional false-posi- 


tive or false-negative interpretations are apt to continue 
since differentiating between small pseudocysts in the 
head of the pancreas and edema of that portion of the 
gland may not be possible with B-mode equipment. 

There is no doubt that ultrasound is of great help in fol- 
lowing up the development of pancreatic pseudocyst once 
a sonolucent mass has appeared." 

Our results suggest that B-mode scanning has appli- 
cation in the diagnosis of both solid and cystic renal 





i 

masses. Whether it has advantage over established tech- 
niques such as pyelography and angiography has not been 
shown. While admittedly not a screening technique, ultra- 
sonography might have application in the treatment of 
cystic renal lesions. A mass detected by pyelography, 
shown to be cystic by sonography, could be aspirated with- 
out the need for prior angiography. Holm et al"! have pre- 
viously described the use of ultrasound in localizing peri- 
nephric abscesses and other masses. 

Ultrasound provides one means of finding localized pus 
in the abdomen. Initial reports of its use for this purpose 
were encouraging.’ Successful diagnosis occurred in 61% 
of our patients. Intraperitoneal abscesses and hematomas 
can be identified by the presence of echo-free areas that 
disturb the normal shape or position of organs. Air-filled 
intestine overlying the abscess might reflect sound, pre- 
venting diagnosis. Another problem in patients with ab- 
scess is the frequency with which multiple incisions and 
wound appliances prevent adequate abdominal scanning. 


It is unlikely that intraperitoneal abscesses measuring 


less than 2 to 3 cm in diameter will be detected with 
accuracy by current ultrasonic techniques. 

Retroperitoneal masses have only a limited chance of 
being detected by ultrasound. A retroaortic mass dis- 
placing the abdominal aorta from the lumbar vertebrae 
can be found with greater accuracy.” 

New developments in ultrasound technology hold prom- 
ise of improving sonographic diagnosis of abdominal 
masses. One such advance is the use of gray scale ultra- 
sonography by which lesions as small as 1 cm may be dis- 
covered in previously obscure areas such as liver. It is 
likely, therefore, that ultrasound will retain a place among 
various diagnostic techniques to identify and localize the 
obscure abdominal mass. 


References 


1. Holm HH: Ultrasonic scanning in the diagnosis of space-occupying le- 


sions of the upper abdomen. Br J Radiol 44:24-36, 1971. 


2. Leopold GR, Goldberger LE, Bernstein EF: Ultrasonic detection and 
evaluation of abdominal aortic aneurysms. Surgery 72:939-945, 1972. 

3. Jensen F, Pedersen JF: The value of ultrasonic scanning in the diag- 
nosis of intra-abdominal abscesses and hematomas. Surg Gynecol Obstet 
139:326-328, 1974. 

4. Howry DH, Bliss WR: Ultrasonic visualization of soft tissue structures 
of the body. J Lab Clin Med 40:579-592, 1952. 

5. Doust BD, Maklad NF: Ultrasonic B-mode examination of the gall- 
bladder: Technique and criteria for the diagnosis of gallstones. Radiology 
110:643-647, 1974. 

6. Goldberg BB, Harris K, Broocker W: Ultrasonic and radiographic cho- 
lecystography. Radiology 111:405-409, 1974. 

7. Bradley EL, Clements JL: Implications of diagnostic ultrasound in the 


surgical management of pancreatic pseudocysts. Am J Surg 127:163-173, 
1974. 

8. Stuber JL, Templeton AW, Bishop K: Sonographic diagnosis of pan- 
creatic lesions. Am J Roentgenol Radium Ther Nucl Med 116:406-412, 1972. 

9. Filly RA, Freimanis AK: Echographic diagnosis of pancreatic lesions, 
ultrasound scanning techniques and diagnostic findings. Radiology 96:575- 
582, 1970. 

10. Bradley EL, Clements LJ: Spontaneous resolution of pancreatic 
pseudocysts: Implications for timing of operative intervention. Am J Surg 
129:23-28, 1975. 

11. Holm HH, Kristensen JK, Rasmussen SN, et al: Ultrasonic diagnosis 
of juxtarenal masses. Scand J Urol Nephrol 15(suppl 6): 83-88, 1972. 

12. Spirt BA, Skolnick ML, Carsky EW, et al: Anterior displacement of 
the abdominal aorta: A radiographic and sonographic study. Radiology 
111:399-403, 1974. 


Discussion 


RoGER F. Smitu, Mp, Detroit: I am in agreement that ul- 
trasound examination is becoming an increasingly important ad- 
junct in the differential diagnosis of abdominal masses. Our chief 
experience at the Henry Ford Hospital with echography has been 
in patients with abdominal aortic aneurysms, where it appears to 
have some definite limitations. 


Fortunately, most abdominal aneurysms can be diagnosed by | 
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careful physical examination or by an anteroposterior and lateral 
roentgenograms for aortic calcification. When the problem of the 
diagnosis of a pulsatile mass cannot be resolved by these simpler 
means, we prefer to go directly to a translumbar aortogram as fhe 
definitive study. We have found in the case of an abdominal aortic 
aneurysm that the added information obtained by this method as 
to the state of the vesical, pelvic, and distal circulation is of great 
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benefit to us in planning a proper operation. j 

SEE -In contrast, however, if a nonpulsatile midabdominal mass is 

-~ felt, then an echogram is our first choice as the least noninvasive 

i _ form of examination to rule out an abdominal aneurysm and to 
_ determine if the lesion is solid or cystic. 

Py, One serious limitation that we have observed in the diagnostic 

eas use of ultrasound has been in its inability to accurately differ- 

= entiate between a retroperitoneal lymphoma and an abdominal 
~ aneurysm. This has not been a rare clinical problem in our concen- 
~ trated vascular practice. 

f _ It is our opinion that ultrasound, at its present level of perfec- 
tion, must assume a secondary role to aortography in the differ- 
ential diagnosis and management of abdominal aneurysms. 

_ ÅLEXANDER J. Wat, MD, Detroit: We have used a fair amount 

~ of ultrasound in one of our affiliated hospitals, and recently had 

_ the radiologist who does it there give us an update. I think one has 
_ to look at the state of the art, and if it is possible to make some 

E predictions, I would suggest (as others have) that ten years from 

Bia? now ultrasound will have replaced possibly 40% to 50% of what we 

~ currently are doing in our radiological departments. 

ca If one looks at this in the light of roentgenograms where roent- 

~ genograms were in the year 1910—and see the distance roentgen- 
ography has come since then, I suspect we are looking at ul- 
trasound in terms of a similar infancy. With the new gray scale 

y types of techniques, the experts are able to show all sorts of de- 

~ tails. We even had stones in the common duct beautifully shown to 

us, and lesions in the aorta, the takeoff of the superior mesenteric 
artery, and even the inferior mesenteric. We, too, have had some 
disappointments in trying to delineate pseudocysts of the pan- 
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creas, but it may well be Wieke ask too much of the caia 
present. I am not sure whether Dr. Norton is disappointed wi $ 
his results or pleased with them. We have, on occasion, had some 
great triumphs where ultrasound has helped our surgery. 2" 
Dr. Norton, have you analyzed your cases in terms of the vale a 
of sonography to you in the years 1967 to 1972 and the years from 
1972 until now? I suspect your radiologists are much more helpful _ 
to you today than they were then. ae p“ 
I enjoyed the paper, and wish to reiterate that I believe 
within five years sonography will be a very common and inval Ki, 
able investigation in the delineation of abdominal surgical <= 
tions. 
Dr. Norton: Dr. Smith’s much wider experience with aneury 
confirms our general position that ultrasound is pa wi 
ondary importance i in diagnosing abdominal masses, althoug 5 
aortic disease it is probably more accurate than for other org an s. i sa 
In answer to Dr. Walt’s question, we agree entirely that t 
success of diagnosis has been improving, and in recent years y A 
experience our ultrasonographer, I think, is more accurate. There Dis 
is no question that gray scale scanning should improve our ability 
to pick up smaller lesions. We are talking about detection in ee 
area of 0.5 to 1.0 em vs our current B-mode accuracy of about 3t Bie 
4 cm. That is hopeful. E. 
We were disappointed in our accuracy of detecting pseudocysts. LN 
Sixty-four percent, we thought, was disappointing in view of ar- 7 g 
ticles that had suggested an accuracy as high as 90%. Compared to yi 
reports published previously, we were disappointed, but poban 
we are asking too much. 
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! The Application of Ultrasound 





to the Study of Thyroid Enlargement 


Management of 450 Cases 


Irving B. Rosen, MD, FRCS (C); Paul G. Walfish, MD, FRCP (C); 


Murray Miskin, MD, FRCP (C) 


Four hundred fifty cases of thyroid enlargement were studied 


= by B-mode ultrasonography. Specific ultrasonographic patterns 


_ could be established for cyst, solid tumors, multinodular goiter, 
cystadenoma, and thyroiditis. Benign and malignant tissue could 


p _ hot be differentiated. In 155 cases, tissue diagnosis was estab- 


lished usually by operation but also by aspiration cytology. One 
hundred forty-two were hypofunctioning solitary nodules. The re- 
liability of ultrasonographic diagnosis was 94%. It permitted safe 
aspiration of cysts, early operation of solid lesions, and avoid- 
ance of radiation hazard in the management of pregnant and 
pediatric patients. Our operative series showed the following in- 
cidences: cancer 16%, cyst 20%, and neoplasm 62%. 


ltrasonic waves are sound waves that have a fre- 
quency above the limits of human hearing, usually 
in excess of 20 ke/sec, and that are being utilized contem- 
poraneously in the diagnosis of various conditions. Ul- 
trasound is transmitted in both longitudinal and sheer 
waves (G.P. Posakony, oral communication, 1966) and 
obeys predictable biophysical laws during the trans- 
mission of these waves in human tissue, showing the phe- 
nomena of impedance, reflection, transmission, refraction, 
and attenuation. The absorption of ultrasonic energy can 
result in cell-destroying heat, but it has been well demon- 
strated that the power levels used in diagnostic ul- 
trasound are safe, without complication of tissue damage. 
Despite growing awareness of the prevalence and impli- 
cation of thyroid cancer, there has still been an under- 
standable conservatism on the part of primary care physi- 
cians who are faced with large numbers of patients with 
asymptomatic thyroid nodules. Although ultrasonography 
has been applied in many areas of medical diagnosis,’ its 
role in the diagnosis of thyroid tumors received little no- 
tice on this continent, except in the very recent past.?-* It 
has been shown that ultrasonography produces character- 
istic patterns correlative with specific thyroid disease and 
can be used to define surgical indications for the patient 
with a thyroid nodule. 
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PATIENTS AND METHODS 


In the last 24% years, there has been an ongoing study of pa- 
tients with thyroid enlargements by use of B-mode ultrason- 
ography at the Toronto Mount Sinai Hospital. With the exception 
of pregnant and pediatric patients, all subjects referred for this 
investigation had previously undergone sodium iodide I 131 pho- 
toscans of the thyroid gland with conventional equipment. Ul- 
trasonographic examinations were done with a compound contact 
scanner that used a 5-MHz transducer. During the examination 
the patient was placed in a supine position with neck extended, 
and the transducer was applied to the skin of the neck, which was 
coated by mineral oil that acted as an artifactual depressant coup- 
lant. The transducer both emits ultrasound waves and receives 
their echoes from underlying tissue. These sound waves are then 
converted to light energy and depicted on an oscilloscope screen as 
dots that can be permanently recorded on Polaroid film. Repeated 
gentle passes around the hemicircumference of the neck, starting 
at the suprasternal notch and moving upward, are made by the 
examiner, who produees a sonar laminagram of the thyroid gland 
that can be examined at various gain or sensitivity settings, vary- 
ing with each machine. The higher sensitivity settings detect low 
amplitude echoes. All thyroid lesions at low sensitivity settings 
give a sonolucent picture (Fig 1). 

There are characteristic ultrasonogram pictures for various 
thyroid conditions. The normal neck is of interest (Fig 2) since the 
thyroid area, trachea, carotid sheath, sternomastoid muscle, cervi- 
cal vertebrae, skin, and cervical fascia can all be identified with a 
reasonable degree of certainty. The thyroid gland can be better 
appreciated when it is enlarged. The thyroid cyst is not only sono- 
lucent at a low gain setting, but persists as such at a high gain 
setting, and has additionally a characteristic, thin, discrete poste- 
rior wall. Sparse echoes may occur, but only in the anterior portion 
of the cyst (Fig 3). Solid thyroid lesions are sonolucent at low gain 
settings but fill in diffusely with echoes at intermediate and high 
gain settings (Fig 4). The distribution, density, pattern, and quan- 
tity of echoes at comparable gain settings are no different in any 
solid lesion, whether it is a low-grade cancer as in anaplastic carci- 
noma (Fig 4 and 5), or an adenoma (Fig 6). Cystadenomas will 
show sonolucence at low gain settings with incomplete persistence 
of the sonolucency at a higher gain (Fig 7). 

Multinodular goiters (Fig 8) and patients with subacute thy- 
roiditis (Fig 9) can also show somewhat characteristic patterns. 
Our observations have been borne out by workers in this field 
throughout the world.*’ 


Clinical Studies 


Four hundred fifty patients with thyroid enlargements or pr6b- 
lems were referred to the Department of Radiological Sciences in 
the Mount Sinai Hospital for ultrasonographic study. Of this 
group, we were able to obtain tissue diagnosis of the underlying 
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thyroid abnormality in 155 patients. These were selected because 
they had either solitary or dominant thyroid nodules. On radio- 
active iodine scanning, nine were considered consistent with the 
diagnosis of multinodular goiter, two showed a hyperfunctioning 
nodule, one could not be defined, and one was not assessed because 
of the state of pregnancy. This left 142 patients with hypofunc- 
tioning nodules that, by common agreement, are considered to be 
a high risk for malignancy. The 155 patients were then assessed 
for both echographic and pathologic findings under the categories 
of cysts, solid and mixed. One hundred twenty-five patients un- 
derwent operation, yielding appropriate tissue for examination. 
In 30 patients, needle aspiration was utilized to obtain material 
for histologic examination. This occurred more frequently in the 
latter half of our study than in the initial period of time. 

The Table indicates that preoperative echographic diagnosis of 
a solid lesion was verified pathologically in 20 cases of carcinoma, 
57 cases of adenoma, 16 cases of colloid nodule, seven cases 
of subacute thyroiditis, and ten cases of multinodular goiter. 
Twenty-two patients with cystic lesions and two patients with 
multinodular goiter and cyst formation were also correctly diag- 
nosed. In the malignancy group, one patient was considered by 
echography to have a cyst, which did not prove to be correct on tis- 
sue examination. Aspiration of this lesion revealing bloody fluid 
and its reaccumulation, together with the clinical feature of past 
neck radiation, dictated an operative approach. In the cyst-ade- 
noma group, three lesions were considered to be cysts and two 
were considered to be solid by echography. One colloid nodule was 
mistakenly thought, on echography, to be a cyst, when in actual- 


Comparison of Echographic Diagnoses and 
Pathologic Findings 


Ultrasound 


Pathologic Findings 
rna 
Cyst Solid Mixed Cyst 


Solid Mixed 
Carcinoma 
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Fig 1.—Sonolucent area of enlarged thyroid (T) at low gain set- 
ting. 
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ity it showed a mixed formation on tissue examination. Twenty- 
two out of 25 cysts were correctly diagnosed by echography, but 
three were thought mistakenly to be solid preoperatively. 

Of the 155 patients examined, there were ten errors in ultra- 
sonographic diagnosis, resulting in a reliability rate of 94% in pre- 
operative ultrasound assessment. Twenty-nine cystic lesions were 
indicated preoperatively. Seven patients underwent operation 
without other manipulation, yielding five colloid nodules with cyst 
formation and two cystadenomas. In 22 patients, needle aspira- 
tion was attempted. In seven patients, the cystic lesion did not de- 
compress adequately or recurred so promptly that there was con- 
cern about underlying disease. One cystic lesion revealed bloody 
fluid, which concerned the clinician. In four cases, the patients 
showed a non-neoplastic cyst whose contents were thick, gela- 
tinous, and incapable of needle aspiration. All the other cases 
showed cystadenomas, with the exception of one that was malig- 
nant. It is of interest that there were two mixed malignant neo- 
plasms noted on echography, with the actual occurrence of four 
mixed cyst and solid lesions on tissue examination. In these four 
cases, the cystic malignant neoplasms measured about 4 em in 
diameter. 

In the 155 cases in our series, there was a 16% incidence of ma- 
lignancy and a 46% incidence of benign adenomas (including the 
cystic variety), giving a total of 62% incidence of tumors among 
these patients. There was a 20% incidence of benign non-neo- 
plastic cystic lesions. 


COMMENT 


While surgeons skilled in the field of neck surgery® can 
understandably question undue conservatism by the clini- 
cian confronted with a thyroid mass, it has also been 
shown by others’ that 20% of hypofunctioning thyroid 
nodules are indeed cysts, and the safety of conservative 
treatment of cystic lesions has been well established by 
Crile. Thus, we believe that the indubitable demonstra- 
tion of a cyst warrants its aspiration and submission of 
material for centrifugation and cytologic examination. If 
there is inadequate decompression or rapid recurrence, or 
if abnormal cytologic findings are reported following aspi- 
ration, such lesions should be removed surgically. Mixed 
echographic lesions also are best treated surgically, par- 
ticularly if the cystic lesion exceeds 4 cm in diameter, 


Fig 2.—Normal neck showing thyroid (TH), trachea (t), carotid 
sheath (C), fascia (f), skin (s), sternomastoid muscle (m), and cer- 
vical vertebrae (V). 
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Fig 5.—Same area as in Fig 4 fills in with echoes at high gain 
setting. 





| Fig 7.—Cystadenoma (CD) with solid and cystic areas at high 
gain setting. 
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Fig 4.—Papillary cancer (CA) at low gain setting. 


Fig 6.—Adenoma (A) at high gain settings. Echoes look same 
as in Fig 5. 





since the incidence of malignant neoplasms here is a real 
concern‘ and has been illustrated in our own experience. 
At present, the echo-solid lesion would appear to be best 
treated surgically, provided all other clinical conditions 
are suitable. While there is little evidence for the danger 
of inadvertent needling of thyroid cancer,” the potential 
hazard in this maneuver can be avoided by echography, 
particularly while this mode of investigation is under- 
going evaluation. 

Kchography has a special place in the assessment of 
pregnant and pediatric patients with thyroid lesions, since 
it avoids radiation hazard. It can also be used to observe 
the diminution of a thyroid nodule being treated conser- 
vatively* and by aspiration.’ The reliability rate of 94% re- 
ported in this series is highly acceptable, and the errors 
can be easily understood. The transducer does not resolye 
echoes in areas less than 1 cm in diameter, so that areas of 
solid or cystic change of this dimension would, of course, 
be missed, and cysts that contain either gelatinous matter 
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Fig 8.—Multinodular goiter (G) at low gain setting. 


or loculi would give an erroneous solid pattern. Echo- 
graphic error did not result in undesirable patient treat- 
ment. 


CONCLUSIONS 


B-mode ultrasonography is another dimension in thy- 
roid investigation. In particular, it provides information 
about sodium iodide I 131 hypofunctioning solitary nod- 
ules that cannot be obtained by clinical or other investiga- 
tional methods. Lack of radiation hazard makes it of spe- 
cial importance in treating pediatric and pregnant 
patients. Its ability to give insight into specific disease 
and to discriminate cystic from solid lesions makes it es- 
sential in the assessment of possible surgical candidates 
in order to avoid unnecessary surgery in cystic lesions and 
prevent delay in the management of potential thyroid 
cancer. 


Fig 9.—Same multinodular goiter as in Fig 8 at high gain set- 
ting. Same pattern can be seen in subacute thyroiditis. 
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Discussion 


STEVEN G. Economou, MD, Chicago: I asked for the privilege of 
the floor to commend a rising young Turk. Dr. Rosen is practicing 
in a manner in which I think members of this Association will be 
practicing with increasing frequency; he has not attempted to de- 
termine the best way to cut something out but the best way to 
treat a disease. 

The very first time I aspirated a thyroid cyst it was greeted 
with some tongue-clicking by the house staff, who wondered why I 
treated a thyroid mass in that fashion. The thyroid masses in two 
patients were subjected to ultrasound and found to be cystic but, 
on attempted aspiration, were solid. There was a concern about 
aspirating solid masses, seeding the aspiration tract with cancer. 
Fortunately, these two lesions were benign. So, the fourth lesion 
was operated on; intracystically, there was a small papillary can- 
cer. There was concern about the risk of having cancer in a cyst 
that would not be diagnosed as such preoperatively. 

You will notice here that Dr. Rosen concentrated his attention 
on those masses that were diagnosed as being cystic, and advo- 
cates operation for those thought to be solid. If those diagnosed to 
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be cystic are aspirated and found impossible to aspirate, then they 
are operated on also. 

We at the Presbyterian-St. Luke’s Hospital now, with the gray 
scale scanning, can use it with greater confidence. Nonetheless, 
the question still can be posed: is there a real risk to aspirating a 
mass diagnosed as being cystic but in fact having it be solid, and 
not only solid but cancerous? I believe not, if there is adequate 
“enveloping” of the tract in those few instan:« 'h that er- 
ror is made. I would like to ask Dr. Rosen about the risk of having 
a cancer in a mass that is diagnosed to be cystic on ultrasound. 

I also noticed that Dr. Rosen indicated that echographs have a 
special place in the assessment of pediatric patients. I must say 
that I believe the risk of significant pathologic findings, if not po- 
tentially lethal disease, in children is such that I would resist 
using that method to evaluate masses in children. I believe the 
risk of cancer is sufficiently great that observing children with 
thyroid masses in this fashion probably is too risky. 

I also think this method is interesting but less critical in pa- 
tients who are high risk (as Dr. Paloyan mentioned and as we 
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ci... ave y afirmèd),, eg, those patients we have been adai and 
$ ha e masses on physical examination or on scans. These patients, 
reg ‘dless of findings by ultrasound, should probably be operated 
i ¥ i i . They are a small group of patients but, nonetheless, they are a 

n-risk group. 
ri would also like to ask Dr. Rosen another question. There were 
50 patients subjected to ultrasound but only 155 of them were 
-subjected to operation. What were the findings in the other 300 

patients, and to what degree did ultrasound influence their not 
9 b eing operated on? Obviously they had ultrasound on the basis of 
By hh paving physical thyroid findings, but only one third of them had 
~ an operation. 
At our institution we are subjecting about 100 patients a month 
ultrasound. I find our radiologist, who is eager to be a clinician 
ther than a technician, wishes to have a variety of information 
Eugen him: whether the patient has a fever, where the mass might 
oa i and so on. I would like to ask Dr. Rosen to what degree the 
4 -clinical findings influenced the radiologist, if at all, in interpreting 

Bate ultrasound of the thyroid mass? 

_ I must impress on this audience that this kind of investigation 
i Ti absolutely necessary if we are to become total clinicians. 
; 3 JERRY C. ROSENBERG, MD, Detroit: Would Dr. Rosen expand on 
A rg significance of a bloody aspirate? What is the significance of a 
-~ reaccumulating cyst? If a cyst recurs, can one be satisfied there is 
a no malignant neoplasm present? 
DR. Rosen: I wish to point out, first of all, that this is a multiau- 
se paper. One of the authors, Dr. Walfish, is an endocrinol- 
ist, and the other, Dr. Miskin, is the echographer, who usually 
a. əs his examination with a minimum of clinical history necessary 
X t i fit on a requisition form. We do not have unanimous feelings 

bout the results of our study at the present time. I believe quite 

B definitely that mixed echo lesions and cystic lesions, recurrent af- 
ter aspiration, do require operation. I know that at the present 
time Dr. Walfish is being encouraged by the initial results of our 
i study to embark on needle aspirations of thyroid lesions for cyto- 
_ logic study. He is using very fine 25-gauge needles, and at the 
i _ present time is in the process of evaluating his study. 
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i recognize that this conjures up the fear of REAT ii 
planting a malignant neoplasm in the needle tract, and I do not 
think I have any ready answer. It makes me uncomfortable. How- 
ever, there is very little in the literature at the present time to- 
substantiate this fear, although I do not think it should be dis- 


- counted. 


Dr. Crile has reported one case of thyroid cancer in a needle 
tract of a Vim-Silverman needle, and this is the only such case re- 
ported to my knowledge. i 

We did have one serious echo error in the estimation of a cystic 
carcinoma, of that there is no doubt. The fluid from that cystic 
cancer was submitted to our pathologist, who did not see atypical 
cells. That patient came to operation because he showed a reaccu- 
mulation of fluid and had a previous history of neck radiation, so 
that there were clinical factors that promoted the decision for op- 
eration. I think we all recognize that it is not one modality that de- 
termines decisions regarding operation. This study has empha- 
sized to us that thyroid “cysts” have variable origins. We are now 
in the process of scrutinizing our experience with this lesion and 
hope to be able to make some contribution toward the manage- 
ment of cystic lesions of the thyroid gland. 

As surgeons, we may have definite ideas regarding the manage- 
ment of thyroid lumps, but we have to realize that, as a rule, we 
are not the people who see patients (pediatric especially), primar- 
ily with thyroid masses; rather, these patients are seen by the en- 
docrinologists and the primary care physicians. At the present, 
they are not prepared to refer every patient they see with an 
asymptomatic thyroid mass for operation. Of the patients in our 
series who did not undergo operation, some came from other insti- 
tutions where follow-up is still being elicited, and some are being 
observed by their physicians on a regimen of thyroid feeding. 

I think primary care physicians have to feel that there is going 
to be an intelligent, searching assessment of their patients by the 
surgeon before operation is recommended. If that feeling can be 
transmitted, more patients with thyroid masses will be referred, 
and the yield, vis a vis malignant neoplasms, will be increased. 
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Ultrasound Evaluation 


of Microanastomosis 





Allen L. Van Beek, MD; William J. Link, PhD; James E. Bennett, MD; John L. Glover, MD 


The Doppler ultrasound flowmeter with a pencil probe, emit- 
ting at a frequency of 10 megacycles/second, was used to mak- 
ing recordings along intact and repaired digital arteries and 
veins. In normal digital arteries, the flow averaged 3.78 ml/min. 
The ability of the method to appraise the condition of an anasta- 
mosis was evaluated in five patients with partial or complete 
digit, hand, or arm replants, and found quite satisfactory. Begin- 
nings were made in developing criteria for satisfactory flow in 
these small arteries. 


he techniques of reconstructive microvascular sur- 
gery started by Jacobson and Suarez’ and used first 
in patients by Kleinert and Kasdan? have been refined so 
that patency rates for microvascular anastomoses approach 
100% in recent studies in animals.*-' In spite of this degree 
of success in the laboratory, however, most centers with 
series of replantations of amputated digits report a fail- 
ure rate of 40% to 50% because of necrosis of the replanted 
tissue.*’ While various factors may contribute to such loss 
of tissue, failure of the vascular anastomoses must be as- 
sumed to be of paramount importance. 

At the present time, the primary method of assessing 
microvascular anastomoses is observation through the op- 
erating microscope, as described by Acland.’ Although 
useful, this technique does not produce recordable mea- 
surements and provides no tangible way to judge the 
quality of an anastomosis. 

We wish to report a technique that provides a rapid, ac- 
curate, noninvasive, and recordable method for evaluating 
microvascular anastomoses, even in vessels less than 1.0 
mm in outside diameter. 


METHODS 


A Doppler ultrasound flowmeter with a pencil probe, emitting at 
a frequency of 10 megacycles/second, is used, and a recorder is 
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connected to its output channel (Fig 1). Using an angle of inci- 
dence of approximately 45°, the position of the probe, which pro- 
vides maximum pulsatile fluctuation, is established and a record- 


ing made. Recordings are made at similar sites along intact 


vessels (control) and along those that have been repaired so that 
the flow wave patterns may be compared. Using the mean fre- 
quency shift in kilocycles per second indicated by the flowmeter, a 


numerical value can be assigned to the flow velocity (rather than 


simply a percentage of the control) by means of the following for- 
mula’: 


AF xC 


Ve = —— 
2F x cosine 8 


where Ve indicates velocity in centimeters per second; AF, fre- 
quency shift in kilocycles per second; C, 1.56 x10 cm/sec; F, 
emitting frequency probe in kilocycles per second; and O, angle of 
incidence. 

Using this technique, velocity of flow and flow wave patterns 
were studied in the common femoral arteries of rats before and 
after anastomosis. Because of the rapid heart rate of these ani- 
mals, a high speed recorder was necessary in order to analyze the 
wave forms accurately. Small probe movements were made until 
maximum fluctuation was visible on an oscilloscope, at which time 
recordings were made (Fig 2). 

Similar observations were made transcutaneously on the digital 
arteries and veins of 20 normal volunteers in order to establish 
norms for digital flow in patients using this method. Finally, data 
were obtained intraoperatively and postoperatively in five clinical 
cases of replantation. 


RESULTS 
Laboratory Studies 


A slow speed continuous recording with the probe pass- 
ing across an anastomosis is shown in Fig 3; the increased 
velocity secondary to stenosis and turbulence at the anas- 
tomosis are very apparent. This information demon- 
strates the necessity of determining flow characteristics, 
proximal, at, and also distal to the anastomosis. 


Studies in Volunteers 


Recordings of digital artery flow characteristics in 20 
male volunteers disclosed a mean frequency shift of 507 
cycles/second. The peak diastolic flow averaged 42.3% 
slower than peak systolic flow, and tracings consistently 
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Fig 1.—Clinical tracings made by using electrocardiograph’s direct current chan- 
nel. Amplitude and sensitivity controlled by flowmeter’s output and input channels. 
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| Fig 2.—Experimental tracings made by using mechanically held probe and high speed recorder. 
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pe 
= showed the presence of a systolic and diastolic flow compo- 
= nent at this level (Fig 4). If one estimates the inside : 
| 2) - diameter of the digital artery at this location to be 0.6 Fig 3.—Continuous slow speed recording made while probe is 
;, mm, the vel ocity of flow in the digital artery is 5.6 cm/ moved from proximal (P), at, and distal (D) to anastomosis. 
= second and the volume of flow is 3.78 ml/min. These data 
~ are similar to those reported by Sarin et al.” 
~ Tracings of dorsal digital veins were made using a 15°- 
_ probe and disclosed a mean frequency shift of 66 cy- 
= ¢les/second at the metacarpophalangeal joint. This fre- 
= queney shift was the maximum fluctuation obtained be- 
_ cause venous flow in digital vessels during inspiration is 
= often not detectable. It should be emphasized that venous 
tracings at this peripheral level are difficult to obtain and 
are influenced greatly by the technique of recording. 
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Fig 6.—Flow tracings of successfully replanted index finger 


Fig 5.—Flow tracings of normal and repaired digital ar- 
comparing patient 


tery in unsuccessful replantation attempt. 


Fig 4.—Typi 
teries. Venous flow tracing demonstrates respiratory fluctuations. 
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Fig 8.—Comparison of repaired brachial artery flow far proxi- a 


Fig 7.—Tracing 1 of (case 3) repaired radial digital a 
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showing turbulent flow. Tracings 2 and 3 compare 


mal and repaired ulnar artery. 
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Fig 9.—lf wave front 1 is reflected at E, and E, when cell is at E,, 


increased numbers of wave fronts (frequency) will be perceived 


by receiver (R). Change in frequency perceived by receiver be- 
cause emitters (E) motion is called frequency shift. 


REPORT OF CASES 
Studies in Cases of Replantation 


Studies in cases of replantation have confirmed the use- 
fulness of this technique, as illustrated by the following 
reports. | 

Case 1.—A 24-year-old computer operator completely amputated 
his left middle finger through the middle phalanx with a power 
saw. It was replanted by repairing one artery and two veins. The 
ulnar digital artery could not be repaired because of multiple lac- 
erations along its course. The digit survived for five days, and 
then thrombosis developed. Figure 5 demonstrates his repaired 
radial digital artery tracing and one from an uninjured finger. 
Thrombosis was not preceded by venous occlusion. 

Failure of the replanted digit to survive was probably the result 
of a poor anastomosis. Examination of the pulse wave recording 
distal to the anastomosis disclosed the peak systolic flow to be 40% 
less than the opposite normal finger; the diastolic flow wave com- 

ponent was 64% less than its associated peak systolic flow wave; 
the systolic flow wave was notched and had an abnormal pre- 
systolic appearance compared to the normal configuration. 

Case 2.—A 22-year-old man completely amputated his left in- 


_ dex, middle, and ring fingers, through the proximal phalanx. His 


index finger was replanted by repairing two arteries and three 
veins. Postoperatively, no edema or necrosis occurred; and, four 
months following replantation, both digital arteries and two veins 
remain patent. Figure 6 shows tracings of his repaired digital ar- 
teries, and one repaired digital vein. 

There was less than 10% decrease in ulnar digital artery 
and only a 20% decrease in radial] digital artery velocity. 
The diastolic velocity was 45% of the systolic velocity; and, 
dorsal digital vein velocity approached arterial velocity, 
with respiratory fluctuation remaining present. 

Case 3.—A 17-year-old man devascularized but incompletely 
amputated his right middle finger at the proximal interphalangeal 
joint. Operative findings consisted of a transected radial digital 
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Fig 10.—Probes transmitting crystal (T) emits sound at fre- 
quency of 10 megahertz. Vessel intercepted at angle of incidence 
(9) and sound reflected (E) in scattered pattern from cells. Some 
echoed sound received by probe's receiving crystal (R). 
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Fig 11.—Ideal anastomosis has normal flow wave pattern. Ab- 
normal, poor anastomosis has rounded single waves with in- 
creased velocity at anastomotic site. 


neurovascular bundle but an intact ulnar digital neurovascular 
bundle. No flow could be detected using the flow probe distal to the 
injury site, or over the intact ulnar digital artery, and the finger 
tip remained white and avascular. The radial digital artery was 
repaired to establish circulation again. Doppler analysis on the 
second postoperative day disclosed flow in the ulnar digital artery 
but only low velocity and turbulent flow in the radial digital artery 
(Fig 7). By the fifth postoperative day, the radial digital anasto- 
mosis had thrombosed; but the digit remained viable. Anticoagu- 
lant therapy that had been started during the operation was dis- 
continued at that time. 

This case represents early failure of an anastomosis but 
survival of the digit because the intact vessel reestab- 
lished its flow. One wonders if return of flow to the ulnar 
digital artery may have contributed to thrombosis of the 
radial digital artery, and also if the radial digital artery 
repair may have contributed to the return of flow in the 
ulnar digital artery by means of retrograde flow of blood 


through the area of injury. ? 
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Case 4.—A 47-year-old fireman lacerated his wrist while fight- 
ing a fire. His median nerve and radial artery were the only volar 
structures remaining intact. His hand was viable but had delayed 
capillary filling, and repair of the ulnar artery was done. His 
anastomosis remained patent, and anticoagulants were not used. 
Doppler tracings are shown in Fig 7. This case and the next one 
demonstrate that small vascular anastomoses will stay patent 
without anticoagulation if the velocity of flow is at least half that 
of the same artery in the opposite extremity. 

Case 5.—A 13-year-old boy’s left arm was completely devas- 
cularized but incompletely amputated when a train ran over his el- 
bow. The only structures intact were the radial nerve and approxi- 
mately one third of the median nerve, and both were severely 
crushed. The brachial artery and medial cubital, brachial, and 
cephalic veins were repaired and covered with adjacent tissue. 
Skeletal fixation and ulnar nerve repair were not performed. The 
limb survived despite superficial infection and necrosis at the am- 
putation site; and, ten months after injury, radial and median 
nerves are regenerating. Doppler recordings of his brachial artery 
are shown (Fig 8). 


COMMENT 


The Austrian physicist, Christian Johann Doppler, de- 
scribed the Doppler principle in 1842. He described the 
change in pitch (frequency) that a receiver hears as a 
sound-emitting source moves parallel to a stationary re- 
ceiver. The frequency change perceived is dependent on 
the velocity of the source and the emitting frequency 
of the source. Pitch increases when the emitter (E) ap- 
proaches the receiver (R) because increased numbers of 
sound waves are encountered per unit time as the emitter 
moves (Fig 9). 

When applied to an ultrasound flowmeter, the blood 
stream’s particulate components become sound emitters. 
The sound emitted is continuously generated by an exter- 
nal source (T) beamed toward a vessel and is then re- 
flected back to a receiver (R) by the vessel’s particulate 
components (Fig 10). A shift in frequency of the reflected 
sound (E) will occur if the blood particles are moving (V). 
Reflections from stationary objects will not produce a fre- 
quency shift. The differential between emitted and re- 
ceived frequency can be determined; and from this in- 
formation, the velocity of the blood particles may be 
determined. Other motion, such as lateral expansion of the 
vessel wall, could interfere with these readings, but elec- 
trical technology permits correction for these variables. 

Acland has accurately described the microscopic, intra- 
operative appearance of patent microvascular anastomo- 
sis’; but arteriograms or the Allen test were, until re- 
cently, the most reliable ways of assessing postoperative 
patency." However, none of these methods actually deter- 
mines the quality of a microanastomosis. Ultrasound anal- 
ysis, on the other hand, determines velocity, turbulence, 
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flow wave configuration, and (indirectly) flow volume, — 


PF 


from which data one can assess anastomotic quality.” | 

Based on our small clinical experience and more exten- _ 
sive laboratory experiments, we believe that a micro- 
anastomosis meeting the following criteria should remain 
patent: A 

1. Systolic frequency shift greater than one half that of 
the control artery. à 

2. Systolic and diastolic flow components distinctly _ 
present. v 

3. Absence of a rounded wave formation by the systolic _ 
and diastolic flow waves. E 

4. Diastolic flow wave height of 40% to 50% of the sys- 
tolic wave’s height. F 

5. Venous flow fluctuations with respiration. A 
If these criteria are not met, revision of the anastomosis E 
should be considered. Conversely, a poor anastomosis will — 
have a flow tracing similar to the one illustrated in Fig 11 
during the postoperative period. Intraoperatively, how- 
ever, the tracing may show these same characteristics or _ 4 
might show only a loss of velocity. Use of this technique 
in cases of replantation of digits should also delineate 
whether or not anastomotic thrombosis from technical 
factors or alterations in the microcirculation from other _ 
causes are responsible for the high percentage of failures _ 
in such procedures. 








The laboratory space and animals used in this study were supplied by Eli 
Lilly and Company, Indianapolis. 
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_ Renal Trauma During Laparotomy 


for Intra-abdominal Injury 


Alexander S. Cass, MBBS 


The advantages of nonsurgical or surgical management of re- 


_ fal injuries are important when the renal trauma is found during 


a laparotomy for intra-abdominal injury. Blunt external trauma 
caused 85.5% of the renal injuries found during laparotomy in 


194 patients. 


A large dose or infusion intravenous pyelogram on a modified 
operating table has allowed immediate evaluation of the renal in- 


_ jury during a laparotomy. 


When the degree of renal injury was more severe, renal tissue 
and function were saved by early surgical management. In this 
group, lowered morbidity and a sharp reduction in delayed renal 
operations followed the introduction of immediate surgical man- 
agement. The nephrectomy rate was 11%, which compares fa- 


_ vorably with that of nonsurgical management. 


Clamping of the renal vessels prior to opening Gerota fascia 


_ prevented reactivation of hemorrhage and allowed for a deliber- 


ate operation with conservation of undamaged renal tissue. 


he controversy between nonsurgical and surgical man- 
agement of renal injuries is highlighted when the re- 
nal trauma is found during a laparotomy for suspected in- 
tra-abdominal injury. In the patient with multiple injuries 
undergoing a laparotomy, the nonsurgical management of 
the kidney in the presence of a perirenal mass or of hema- 
turia is admittedly appealing. On the other hand, it could 
be proposed that preservation of renal tissue might best 
be achieved by a direct surgical approach. 
Roentgenographic diagnosis of the renal injury during 
the laparotomy by intravenous pyelogram followed by im- 
mediate surgical management of the more severe degrees 
of renal injury is reported in this study. 
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PATIENTS 


Renal trauma was found during a laparotomy for intra-abdomi- 
nal injury in 194 of 466 patients who were admitted with renal in- 
jury from external trauma from 1959 to mid-1974. The signs of 
renal trauma were hematuria in 84% and a perirenal or retroperi- 
toneal hematoma in 36% (some patients had more than one sign). 
A large-dose excretory urogram or infusion urogram was carried 
out while the laparotomy was in progress by the use of a specially 
modified operating table with a roentgenographic tabletop, includ- 
ing a grid that allows for diagnostic high-quality urograms during 
the surgical procedure.' If any abnormality was found (extravasa- 
tion or nonfunction), the kidney was explored after clamping the 
renal vessels near the aorta. An indeterminate finding (incomplete 
filling or delayed visualization) in the presence of a perirenal 
hematoma was also an indication for renal exploration. 


RESULTS 
Age and Sex 


The vast majority of patients were young, with 82 (42%) 
less than 20 years old, 78 (40%) between 20 and 39 years 
old, 23 (12%) between 40 and 59 years old, and 11 (6%) 60 
years or older. Of these 194 patients, 144 (74%) were males. 


Type of Injury 


Traffic accidents were the largest cause of renal trauma, 
with 78% (151 patients) of the total; falls or direct blows 
accounted for 3.5% (seven patients); and sports injuries 4% 
(eight patients). Only 28 (14.5%) penetrating wounds of 
the kidney were recorded, 21 by gunshot and seven by 
knife. 

The renal wounds were classified into four groups: (1) 
contusion, (2) laceration, (3) rupture, and (4) renal pedicle 
injury.’ Contusions included bruises or minor tears of the 
renal tissue with an intact renal capsule. Contusion of the 
kidney was also diagnosed when hematuria was present 
following external trauma and a normal-appearing kid- 
ney was found on intravenous pyelogram or renal explord- 
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tion. Injury to the lower part of the urinary tract had been 
excluded by roentgenographie evaluation. Lacerations 
were, parenchymal disruptions with damage to the renal 
capsule with or without caliceal disruption. Rupture or 
shattering consisted of fragmentation of the kidney. Re- 
nal pedicle injury included tearing or occlusion of the re- 
nal vein or the renal artery, its main branches, or polar ar- 
teries. In this series, 199 renal injuries were recorded in 
the 194 patients; three patients had bilateral renal in- 
juries and two patients had two different injuries in the 
same kidney. Of these renal injuries, 128 (64.5%) were 
classified as contusions, 46 (23%) as lacerations, nine (4.5%) 
as ruptures, and 16 (8%) as pedicle injuries. 


Roentgenographic Evaluation 


A normal urogram was found in 112 of the 123 patients 
with renal contusion having urography, while the 11 ab- 
normal findings consisted of nonfunction in three, incom- 
plete filling in three, and delayed visualization in five 
(Table 1). Two of the three patients showing nonfunction 
on the intravenous pyelogram had a normal renal arterio- 
gram, while the third patient had a normal-appearing kid- 
ney found on exploration. Of the eight patients showing 
incomplete filling or delayed visualization on intravenous 
pyelogram, three had a normal-appearing kidney on ex- 
ploration, one had a normal retrograde pyelogram, three 
were managed nonsurgically, and one was in poor general 
condition with death soon after laparotomy. 

The findings with 34 renal lacerations on intravenous 
urography were normal in ten, nonfunction in eight, ex- 
travasation in three, incomplete filling in 12, and delayed 
visualization in one. Nine of the ten patients with a nor- 
mal intravenous pyelogram had penetrating wounds (six 
gunshot and three knife), while the remaining patient had 
a cortical laceration found at autopsy even though the ar- 
teriogram was normal. Exploration had shown renal lacer- 
ation in 11 (gunshot in four, perirenal hematoma in SIX, 
and extravasation on retrograde pyelogram in one) of the 
13 patients with incomplete filling or delayed visual- 
ization, while nonsurgical management was carried out in 
two patients after arteriography and retrograde pyelo- 
gram confirmed renal laceration with extravasation. 

The seven patients with renal rupture who had an intra- 
venous pyelogram showed nonfunction in five, incomplete 
filling in one, and delayed visualization in one. Explora- 
tion indicated renal rupture in the patient with delayed 
visualization. The patient with incomplete filling was 
managed nonsurgically after a retrograde pyelogram also 
showed incomplete filling, but a subsequent delayed explo- 
ration was required that revealed the ruptured kidney. 

° Nine nonfunctioning kidneys were found with 12 renal 
pedicle injuries on intravenous pyelogram, another 
showed extravasation, and the remaining two incomplete 
filling. Exploration revealed the pedicle injury in these 


three patients. 


Tae? | "s i 





° Associated Injuries 
Associated injuries were found in 193 of the 194 pa- 
tiertts having a laparotomy for suspected intra-abdominal 
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Table 1.—Intravenous Pyelogram Findings With 
Various Types of Renal Injury and Subsequent 
Management With Indeterminate Findings 







Classification of Renal Injury 











Intravenous 
Pyelogram Pedicle 
Finding Contusion Laceration Rupture Injury 

Normal 112 10° 4 Phi 
Nonfunction 3t 8 5 9 
Extravasation A 3 isu 
Incomplete filling 3 12 1 2 
Delayed visualization§ 5 1 1 
Not done || 5 





* Exploration, 9; arteriogram, 1. 

t Exploration, 1; arteriogram, 2. 

t Exploration, 13, arteriogram, 1; retrograde pyelogram, 2; non- 
surgical management, 2. 

§ Exploration, 4; retrograde pyelogram, 1; death, 1; nonsurgical 
management, 1. 

|| Renal injury found at autopsy or exploration. 


injury (Table 2). Intra-abdominal injury was confirmed in 


189 patients. These intra-abdominal injuries comprised 
lacerated diaphragm in 11, lacerated spleen in 115, lacer- 
ated liver in 77, and lacerated bowel in 45 patients. Some 
patients had more than one associated injury. A perirenal 
hematoma was found at laparotomy in 74 patients. Skele- 


tal fractures included fractures of the ribs in 59, of the © 


skull in 24, of the spine in ten, of the pelvis in 18, and of 
the extremities in 54 patients. The mortality was 12% in 
the group with renal contusion, 24% in the group with re- 
nal laceration, 11% in the group with renal rupture, and 
37.5% in the group with renal pedicle injury. 


Management of Renal Trauma 


The management of the 199 renal injuries in 194 pa- 
tients is shown in Table 3. With contusion, 122 were man- 
aged nonsurgically while six had renal exploration. For 
lacerations, 11 had nonsurgical management (three elec- 
tive, eight autopsy findings with death on operating 
table), and 35 had surgical procedures: eight nephrec- 
tomies and 27 procedures preserving renal tissue (partial 
nephrectomy in 12, suture in 11, drainage in three, and 


nephrostomy in one). With renal ruptures, eight required- 


nephrectomy and one had a partial nephrectomy. With 
pedicle injuries, three had nonsurgical management that 
resulted in complete loss of functioning renal tissue. Sur- 
gical procedures were performed in 13: nephrectomy in 
seven, repair of the vessel by suturing in four, partial ne- 
phrectomy in one, and drainage in one. The partial ne- 
phrectomy and drainage procedures were performed with 
polar artery injuries. 


COMMENT 


More severe degrees of renal injury were seen when the 
external trauma also caused intra-abdominal injury as 
compared to the overall cases of renal injuries. Renal lac- 
erations comprised 23% of renal trauma found during lap- 
arotomy for intra-abdominal injury (13.5% lacerations in 
overall cases of renal trauma); ruptures 4.5% (2% in overall 
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Table 2.—Associated Injuries With Renal Injuries in 194 Patients Having Laparotomy for Suspected Intra-abdominal Injury 






Classification of Renal Injury 3 



















Associated Injury Contusion Laceration Rupture Pedicle Injury Total 
No. of patients with associated injuries 127 44 ag 16 193 
~ Lacerated diaphragm 4 5 1 1 11 
= Lacerated spleen 83 21 6 5 115 
Lacerated liver 44 21 4 8 77 
| Lacerated bowel 24 11 1 9 45 
= | Perirenal hematoma 35 26 4 9 74 
| Fractured ribs 35 15 5 4 59 
| Fractured skull 15 7 1 1 24 
į Fractured spine 7 2 a9 1 10 
= | Fractured pelvis 11 4 a 2 18 
; Fractured extremities 38 9 TE 5 54 
Other (vena cava, pancreas, aorta, head injury) 30 7 RE 3 40 
Deaths 15 10 1 6 32 
Mortality, % 12 22 11 37.5 16.5 
Table 3.—Management of Renal Injuries 
Classification of Renal Injury 
Management Contusion Laceration Rupture Pedicle Injury Total 
Immediate Surgery 
Nephrectomy 8 6 6 20 
Partial nephrectomy 11 1 1 13 
Suture +2 1° 4 15° 
Exploration/drainage 6 3 1 10 
Nephrostomy Ae 1 eg 1 
Conservative and Subsequent Surgery 
Nonsurgical 122 11 3 136 
Delayed nephrectomy EA 2 1 3 
Delayed partial nephrectomy RAP 1 EA 1 
Total 128 46 9 16 199 


* Includes one subsequent nephrectomy. 


cases); and pedicle injuries 8% (4% in overall cases). 

All renal contusions were managed successfully with 
nonsurgical treatment and no complications or delayed re- 
nal surgery occurred in this group. The controversy be- 
tween nonsurgical and surgical management is applicable 
only to the more severe degrees of renal injury (lacer- 


ation, rupture, pedicle injury). 


Nonsurgical management for all types of renal injury 
was used in the earlier years of this study. Eighteen pa- 
tients with the more severe degrees of renal injury had 
nonsurgical management. Eight died on the operating 
table from associated injuries and ten survived; four re- 
quired delayed renal surgery and three had the loss of the 


‘= functioning kidney from pedicle injury. Mertz et al found 


that 45% of 38 children treated nonsurgically for renal in- 
juries had symptoms or signs referable to the injured kid- 


ney or required delayed renal surgery.’ Reid found that 


nonsurgical management of the more severe degrees of 
renal injury in 26 children resulted in eight (31%) develop- 
ing sequels or requiring delayed surgery.’ Hale reported 
that 18 (31%) of 58 patients with more severe degrees of 
blunt renal injury treated nonsurgically required surgical 
‘intervention or had sequels.’ The incidence of significant 
sequels and/or delayed renal surgery with the nonsurgical 
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treatment of the more severe degrees of renal injury (ex- 
cluding preexisting renal anomaly) has been recorded in 
follow-up to be 15%, 17%,° 18%,’ 22%,* 25%, 30%," and 
32%." 

Immediate surgical management of the more severe de- 
grees of renal injury found during laparotomy saved the 
patient from a second operation for the renal injury that 
does not subside on nonsurgical treatment. Primary re- 
pair of traumatic laceration should give superior results to 
secondary healing. “Surgeons in fields other than urology 
will agree that the preferred treatment of any lacerating 
tissue injury is debridement, hemostasis and primary re- 
pair. The advantages of this type of healing over the 
slough and secondary healing of injuries not treated in 
primary fashion is obvious. These principles apply also to 
renal lacerations.” i 

With immediate surgical management of pedicle in- 
juries, four kidneys were saved by repair of the ruptured 
vessel while six kidneys were removed. This 40% primary 
repair rate is significant compared to the 100% renal loss 
rate with the nonsurgical management of pedicle injuries. 
Guerriero et al reported a 56% primary repair rate with 
immediate surgical management of 41 renal artery or 
vein injuries in 33 patients.” d 
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One stated disadvantage of early surgical management 
is the reactivation of hemorrhage after opening Gerota 
fascia from release of the perirenal tamponade and the re- 
sulting high nephrectomy rate.?* The clamping of the re- 
nal vessels prior to opening Gerota fascia prevents this 
hemorrhage and allows a deliberate operation with con- 
servation of undamaged renal tissue." Studies reporting 
the use of preliminary vascular control illustrate the re- 


duced nephrectomy rate." A nephrectomy rate of 11%- 


with immediate surgical management was found with all 
cases in this study of patients undergoing laparotomy for 
associated intra-abdominal injury, which was present in 
97.4% of the patients. This rate compares favorably with 
the nephrectomy rate with the nonsurgical management 
of overall cases of renal injuries, which includes a number 
of laparotomies for intra-abdominal injury (excluding pre- 
existing renal anomaly) 18%,* 12%,'* 8.9%, 8.5%," and 8%.* 
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Discussion 


THoMAS S. Morse, MD, Columbus, Ohio: My colleagues and I 
heartily concur that the treatment for pedicle injuries and for re- 
nal lacerations with extravasation is a conservative operation. We 
further agree that the best way to study the patient is with an im- 
mediate infusion pyelogram. If the infusion pyelogram is per- 
formed within a few hours after the injury, it accurately depicts 
the degree of damage in over 90% of patients. If it is put off until 
the next day when parenchymal swelling has so compressed the 
caliceal system that there is no room for any dye, visualization is 
inadequate. 

We have no argument about the parenchymal injuries, the con- 
tusions, or the vessel injuries. When the authors lump under “‘lac- 
erations” those involving only the parenchyma and those that also 
involve the collecting system, they are talking about two entirely 
different entities, because no matter how big the perirenal hema- 
toma in the first instance, it will resolve without any sequel if left 
alone. If urine leaks from the collecting system through a 
through-and-through laceration, the hematoma is contaminated 
with urine, which changes it from a bland collection of blood to 
one that fosters infection and heals with scarring. 

I think the real contribution of this paper is the demonstration 
that renal pedicle injuries can lead to salvage. One gets the im- 
pression from thinking about cadaver kidney donors that if the 
blood supply of a kidney is interrupted at the time of injury, the 
kidney will be dead by the time the patient gets to the operating 
room. That is not what usually happens. Usually the artery is 
stretched, the intima is disrupted, but the outer coats remain in- 
tact, and blood flow gradually slows as a clot builds up on this inti- 
mal injury. It is never possible, when one operates on a kidney, to 
know how long it has been without a blood supply adequate to 
keep it alive. 

The hallmark of these injuries is no visualization at all on an 
emergency infusion pyelogram. Dr. Cass has shown that if they 
are approached with vigor, optimism, and skill, kidneys with ped- 
icle injuries can be saved. 

WILLIAM J. Fry, MD, Ann Arbor, Mich: At the University of 
Michigan, we have been interested in renal trauma. We have 
found an increasing number of patients developing hypertension 
on follow-up after renal trauma. Dr. Cass, have you found this to 
be a problem in your patients? 

Dr. Cass: I would like to thank Dr. Morse for his comments. 
Two of them are terribly important. I think what is happening is 
that people do not appreciate that the intravenous pyelogram 
must be of an infusion type and must be done as soon as possible. 
These points are very valid. If the intravenous pyelogram is de- 


layed or is of an inadequate dose, then you get an inadequate 


diagnosis. Dr. Morse is correct in questioning my classification, 
because hematoma just by itself and hematoma with urine are 
very different problems, and I thank him for raising that point. 

We have observed the devascularized kidneys (three of them 
now) for up to eight years, and we have not seen hypertension. 
However, we have known of cases where there has been severe hy- 
pertension, but the three patients we are observing are living with 
a devascularized kidney and no hypertension. 
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OG We evaluated potential pituitary-adrenal influences on postop- 


= erative reticuloendothelial (RE) function. Male dogs, 13 to 18 kg 
Eo (28.6 to 39.6 Ib), were used and the operative procedure was 
~ hemicolectomy. The RE function was evaluated by a colloid 
AA clearance technique and circulating opsonin levels were quan- 
= tified by bloassay. Normal animals manifested RE depression 
three hours following incision (49% decline in the global phago- 
= Cytic index K and an associated 30% decline in the circulating 
= opsonic activity). Dexamethasone sodium phosphate pretreat- 
ment over a three-day preoperative period prevented the postop- 


bay 


= rative RE clearance failure (control K = 0.69; postoperative 


= K= 0.79) however, a slight (18%) but not significant decrease in 








> 


Fi». 


a 


ie opsonic activity occurred. Cortisone acetate or adrenocortico- 
tropic hormone over a wide-dosage range manifested no 
= depressing effect on in vitro phagocytosis. These studies, in 
conjunction with our previous findings of Kupffer cell activation 
following adrenalectomy, as well as the demonstration of 
opsonin depletion and RE phagocytic depression following 
surgery in the absence of the adrenal glands suggest that the 
pituitary-adrenal system modulates postoperative RE phagocyto- 


t ‘ 
“ie 


A B” failure of reticuloendothelial (RE) phagocyto- 


sis and impaired host resistance has been repeat- 
~ edly demonstrated following trauma.'-° These observa- 
tions suggest that whole body trauma as well as operative 
trauma may lead to a transient but profound impairment 


A 
4 


E _ in RE phagocytic function and subsequent host defense 
= failure with respect to removal and degradation of bac- 


= teria, endotoxin, particulate fat, fibrin, microthrombi, 


ea Accepted for publication March 14, 1975. 


Fi From the departments of surgery (Dr. Scovill) and physiology (Dr. Saba), 
Albany Medical College, New York. 

Read before the 32nd annual meeting of the Central Surgical Associa- 
~ tion, Chicago, Feb 28, 1975. 
x Reprint requests to the Department of Surgery, ME 602, Albany Medical 
College, Albany, NY 12208 (Dr. Scovill). 


954 Arch Surg—Vol 110, Aug 1975 


blood-borne tumor cells, and other potentially toxic or 
noxious substances.*** 

A large body of experimental information has evolved 
to implicate a humoral deficit in the etiology of post- 
traumatic and postoperative RE phagocytic failure. In 
this regard, RE phagocytic depression has been demon- 
strated following burn injury, drum trauma, and abdomi- 
nal surgery, and, in each instance, an associated depletion 
of circulating opsonically active protein has been verified 
and implicated as an etiologic mechanism.’ Indeed, 
recovery of posttraumatic and postoperative phagocytic 
failure has been related to restoration of normal blood op- 
sonin levels." 

Physiologic control mechanisms influencing the humoral 
and cellular aspects of the RE system remain poorly de- 
fined. Adrenal corticosteroids are known to influence 
macrophage function, as evidenced by findings of altered 
RE phagocytosis in their absence (hyperphagocytosis)* or 
excess (hypophagocytosis).* In an attempt to. ascertain 
the role of pituitary-adrenal activation in the phagocytic 
alterations that occur following surgical trauma, dogs 
were pretreated with dexamethasone sodium phosphate to 
inhibit pituitary secretion" and the response of the phago- 
cytic and opsonic systems to surgical trauma was studied. 


METHODS 
Male nonconditioned, mongrel dogs weighing 13 to 18 kg (28.6 to 


39.6 lb) were utilized after having fasted 12 hours. Experimental e 


animals were pretreated with dexamethasone sodium phosphate, 
3 mg given intramuscularly twice a day for a total of three days 
with the last dose increased to 6 mg, which was given approxi- 
mately 15 hours prior to surgery and experimental evaluation to 
inhibit the pituitary-adrenal secretory response following surgical 
stress.™ Both surgically traumatized and nontraumatized gogs 
were anesthetized with pentobarbital sodium (30 mg/kg) and al- 
lowed to breathe spontaneously via a cuffed endotracheal tube 
throughout the experimental period. Femoral arterial and venĝus 
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Fig 1.—Global phagocytic index K and circulating opsonic ac- 
tivity in control nondexamethasone sodium phosphate-treated 
dogs. Each point represents mean +SE. Total of eight animals 
evaluated. Deficits in both measurements three hours after initial 
incision significant: opsonic activity, P < .05; K, P <.01. 
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GLOBAL PHAGOCYTIC INDEX K N 


polyethylene catheters (PE 260) were inserted aseptically. The op- 
erative procedure consisted of right hemicolectomy under sterile 
conditions, as previously described.* 

The RE phagocytic function was evaluated by means of a colloid 
clearance technique utilizing the gelatinized “I “RE test lipid 
emulsion”? prepared as an anhydrous base with glycerol, tri- 
olein I 131, and soya lecithin in a ratio of 10:10:1 by weight, respec- 
tively. The lipid emulsion, having a specific activity of 0.01 micro- 
curie was injected intravenously at a dose of 700 mg/kg of body 
weight.** Prior to injection, a 0.3% gelatin supplemented sterile 
5% dextrose and water solution, adjusted to pH of 7.4, was added 
to the anhydrous lipid base to provide an emulsion with a 20% base 
concentration.** The emulsion preparation was incubated at 37 C 
for 20 minutes prior to intravenous injection in order to effect gel- 
atinization. This emulsion is exclusively removed from the vascu- 
lar compartment by RE cells, especially hepatic Kupffer cells, as 
confirmed by electron microscopy, and has been used extensively 
for RE phagocytic evaluation.':3*12" Following injection, serial 
1.0-ml timed arterial blood samples were taken at two-minute in- 
tervals for 15 minutes. The samples were analyzed for colloid con- 
centrations by radioassay. The blood level of colloid retention was 
plotted semilogarithmically against time in minutes and the glo- 


_ bal phagocytic index K for the vascular clearance of the test col- 


loid was calculated from the expression: K =(log C,-log C,)/(T.,- 
T,), where C, and C, represent the blood concentration at times T. 
and T,, respectively. 

e The plasma opsonic activity was determined before and after 
surgical trauma utilizing an in vitro bioassay, which has been pre- 
viously described in detail.”*"""* Briefly, the opsonic activity of 
plasma obtained prior to and following surgery was evaluated in 
terms of its ability to support Kupffer cell phagocytosis by normal 
liver tissue utilizing an assay system composed of 200 to 400 mg of 


liver fissue slice (0.5 mm in thickness), 1.0 ml of test plasma, 2.0 ml 


of Krebs-Ringer phosphate (pH =7.4), 100 units of heparin so- 
dium, and 2,000ug of the ‘I lipid emulsion (1% emulsion of 0.1% 


gelatin). All samples were placed in a metabolic incubator with os- 
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Fig 2.—Global phagocytic index K and circulating opsonic 
activity in dexamethasone sodium phosphate-pretreated dogs. 
Data collected in six animals. No significant alterations present 
after three hours following initial incision: opsonic activity, 
P > .06; K, P= .05. 


cillation for 30 minutes under gas phase of 95% oxygen (O,) and 
5% carbon dioxide (CO,). Uptake was expressed as a percentage of 





the 2,000ug particle dose (ID) phagocytized per 100 mg of wet liver 


tissue weight (percent of ID per 100 mg). To additionally assess 
the influence of altered pituitary-adrenal function, Kupffer cell 
phagocytosis was evaluated under the influence of either ACTH 
(corticotropin-zine hydroxide [cortrophin zinc]) or cortisone ace- 
tate over a wide-dosage range employing a modification of the 
above in vitro tissue slice bioassay. In these experiments, only 
normal plasma was utilized in the in vitro system so that opsonic 
protein was available and the level of phagocytosis would reflect 
potential alterations in Kupffer cell function or possibly opsonin- 
Kupffer cell interaction, as influenced by ACTH or cortisone ace- 
tate. To each bioassay system, either ACTH or cortisone acetate 
was added over a large-dosage range. Control in vitro bioassays 
were also carried out without the additions of ACTH or cortisone 
acetate. 


RESULTS 


The vascular clearance of the intravenously injected 
test particle is presented in Fig 1 and is expressed as glo- 
bal phagocytic index K. The significant (P < .01) phago- 
cytic depression is evident by an almost 50% decrease in 
the global phagocytic index K, which corresponds with a 
twofold prolongation of the clearance half time (te) as 
compared to control values. This depression occurred three 
hours after the initial abdominal incision. Also presented 
in Fig 1 are the concomitant alterations in circulating op- 
sonic activity, as evidenced by a significant (P < .05) de- 
cline in the opsonic activity from 9.29% + 0.78% to 
6.94% + 1.16% of ID per 100 mg at the three-hour interval. 

In contrast to the substantial phagocytic and opsonic al- 
terations in nontreated animals (Fig 1), dexamethasone- 
pretreated dogs present quite a different experimental 
picture, as seen in Fig 2. Both the global phagocytic index 
K and the plasma opsonic activity of control, dexametha- 
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Fig 3.—Effect of dexamethasone sodium phosphate on humoral and cellular aspects of postoperative reticu- 
loendothelial function. All values expressed as percent control and include cumulative findings in Fig 1 and 2. 


sone-pretreated animals were not significantly different 
(P> .05) than control nontreated animals. In dexametha- 
sone-pretreated dogs subsequently subjected to right 
hemicolectomy, the K value of .079 was not significantly 
(P> .05) changed from control nontraumatized animals. 
Although there is a decline in opsonic activity in the dexa- 
methasone animals, as evidenced by a controlled value of 
7.23% + 2.65% of ID per 100 mg, as compared to 
5.89% + 2.75% of ID per 100 mg following surgery, these 
values are not significantly different (P> .05). Figure 3 
presents a composite of the nontreated and dexametha- 
sone-pretreated animals both before and after surgical 
trauma, with all data presented as percent of control. 

Since dexamethasone pretreatment abolished the post- 
operative RE phagocytic failure, presumably on the basis 
of altered pituitary-adrenal function, additional studies 
were carried out to assess the effects of adrenal cortico- 
steroids or ACTH on in vitro hepatic phagocytosis. As de- 
picted in Fig 4, cortisone acetate when employed over a 
wide-dosage range did not significantly (P> .05) alter in 
vitro hepatic phagocytosis. 

The data obtained following the addition of ACTH, 
again over a wide-dosage range, are presented in Fig 5, 
and again there was no significant influence on in vitro 
hepatic phagocytosis. 


COMMENT 


A large data base has evolved over the past several 
years verifying hepatic phagocytic failure following sur- 


gery and trauma.’ In this regard, RE phagocytic depres- 
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_ sion has been noted following burn injury,** mechanical 


trauma," abdominal surgery,’*"'* superior mesenteric 
artery occlusion, and extracorporeal circulation. The 
implications of altered hepatic phagocytosis in the post- 
trauma setting must be viewed from the perspective of 
delayed clearance and altered intracellular degradation of 
potentially noxious substances. Profound phagocytic de- 
pression during operation or following extensive injury 
may severely influence the systemic host response of pa- 
tients by interference with nonspecific defense mecha- 
nisms,'? as well as disruption of the afferent arc of the im- 
mune response in terms of antigen localization and 
processing.” Indeed, diminished hepatic phagocytosis and 
enhanced pulmonary localization of intravenously injected 
test particles has been repeatedly demonstrated following 
intestinal surgery and mechanical trauma.'**! Conversely, 
hepatic hyperphagocytosis is associated with enchanced 
host defenses against repeated sublethal trauma, as well 
as cross-tolerance with other forms of trauma, whereas 
RE hypophagocytosis is consistently associated with in- 
creased susceptibility to injury.®" 

A concomitant depression of humoral mechanisms has 
been verified by several investigators and implicated as 
an etiologic mechanism in posttraumatic RE phagocytic 
failure.’"* Indeed, recovery of hepatic phagocytic function 
following surgery and trauma has been repeatedly associ- 
ated with recovery of normal circulating opsonic activ- 
ity.'"°" The basis for opsonin depletion and subsequent 
influence on RE phagocytosis following trauma is not 
known, however, evidence suggesting sequestration of 6p- 
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Fig 4.—Influence of cortisone acetate on in vitro hepatic phagocytosis. Phagocytosis expressed as micro- 
grams of test particles phagocytized per 100 mg of liver tissue. Values do not vary significantly from controls 
(P <.05). Number of determinations in parentheses. 
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sonically active protein at the site of tissue injury has pP 
been presented.” Opsonically active protein has been iso- 2 
lated, identified as heat-labile, large molecular weight a,- A 
glycoprotein stored in a lyophilized form.” Its adminis- 
tration in the postoperative and posttrauma period may 
become an important therapeutic modality to support 
macrophage phagocytosis and current experiments are in 
progress to evaluate this possibility. 

Circulating opsonin may indeed be a pivitol control 
mechanism of RE phagocytosis. However, the findings of 
this and previous studies'** would suggest that the pitui- 
tary-adrenal axis may exert additional influences on RE 
function, probably at the cellular level. Past evidence has 
suggested that large doses of adrenal corticosteroids may 
depress, while small doses may enhance in vivo RE phago- 
cytosis.'* The mechanism for this influence on macrophage 
function is unknown. Schildt and Low,” using cortico- 
Sterone or ACTH in amounts to simulate posttrauma lev- 
els of corticosterone in mice, concluded that RE phago- 
cytic depression following mechanical trauma may be 
mediated by a release of corticosteroids. In contrast to these 
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Fig 5.—Influence of adrenocorticotropic hormone (ACTH) on in 
vitro hepatic phagocytosis. Phagocytosis expressed as micro- 
gram§ of test particles phagocytized per 100 mg of liver tissue. O OOI Ol | IO 
Number of determinations in parentheses. Phagocytic activity in g : f E 
presence of ACTH at all doses not significantly (P < .05) different } 
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findings, substantial diminution in hepatic phago- 
cytosis as well as circulating opsonic activity has been 


= demonstrated by this laboratory in both sham adrenalec- 


tomized and adrenalectomized rats following intestinal 
enterotomy,’ suggesting that the presence of intact adre- 
nal glands is not a prerequisite for opsonin depletion and 
RE phagocytic depression following operative trauma. 
Adrenalectomized rats, not subjected to subsequent 
trauma, were severely hyperphagocytic 24 hours after ad- 
renalectomy,’ suggesting a cellular response of the 
macrophage following removal of adrenocorticosteroid se- 
cretion, since circulating opsonic activity was only mildly 
elevated. These findings are supported by Reichard et 
al” who demonstrated enhanced hepatic phagocytosis in 
both adrenalectomized and hypophysectomized rats. 

The administration of dexamethasone in amounts to di- 
minish the pituitary-adrenal response following surgical 
trauma™ has abolished the observed postoperative RE 
phagocytic depression. It is unlikely that this protective 
response following dexamethasone pretreatment is re- 
lated to the presence of dexamethasone itself, since all 
studies were conducted at least 15 hours following the last 
dose of dexamethasone. Whether this response is related 
to inhibition of steroid or ACTH secretion, or both, can 
only be speculated at this juncture. However, in vitro he- 
patic phagocytosis was not found to be altered in this 
study by either cortisone acetate or ACTH over the wide- 
dosage range employed, suggesting that the influences of 
these endocrine changes are not related to the lack or ex- 
cess of these agents alone but may exert their influence in 
concert with other factors. 

The manipulation of pituitary-adrenal function appears 
to have a substantial postoperative influence on hepatic 
macrophage function. The precise mechanism of this regu- 
latory influence is unknown but it would appear to be of a 
homeostatic or permissive nature at the cellular level. 
These observations serve to highlight the critical nature 
of pituitary-adrenal-macrophage interactions in the host 
response to surgical trauma. Additional studies on the ef- 
fect of massive steroid administration on cellular and 
humoral aspects of RE function are in order. 


This investigation was supported in part by grants GM-21447 and GM- 
15426 from the National Institute of General Medical Sciences. 


Nonproprietary Name and Trademarks of Drug 
Triolein I 181—Raolein-131, Trioleotope, Triomet-131. 
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Discussion 


J. WESLEY ALEXANDER, MD, Cincinnati: I think all of us can ap- 
preciate that opsonization by hepatic phagocytes is a terribly com- 
plex subject. One problem arising with these studies is that it ap- 
pears there may be a separate influence related to an opsonin, 
which I believe is probably the opsonin referred to as humoral rec- 
ognition factor in the past, and which, as I understand it, has still 
not been chemically identified. Anyway, there is good evidence 
that there is a decrease in hepatic phagocytosis following surgery 
related to the administration of steroids, whether or not this de- 
crease is associated with a change in opsonin activity. 

Perhaps it was not too apparent, but there was a decrease in 
phagocytic uptake in the control animals treated with dexametha- 
sone compared to the animals not treated with dexamethasone. 
This fits well with what is currently known about inhibition of the 
complement pathway by steroids. 

There is a good report coming from Hiram Polk’s laboratory, * 
presented at the Society of University Surgeons meeting a week 
or so ago, that showed an inhibition of neutrophil function by cer- 
tain steroids, probably via the complement pathway. 

Studies in our laboratory have indicated there is absolutely no 
effect of steroids on the cell itself, if it is examined in an isolated 
system. In fact, the studies today suggest that the steroids taem- 
selves have no effect on the cell, but rather have an indirect effect. 
I wonder if the authors have investigated the effect of circulatory 
changes in these animals relating to the global phagocytic index, 
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inasmuch as there may be a real change associated with blood 
flow to the liver. There is also another possibility that there is a 
third molecular component of some sort acting on the system. 

I would like to ask a couple of questions that have troubled me 
some. What hard evidence is there concerning the clinical impor- 
tance of humoral recognition factor in the genesis of infection, 
particularly in man as in experimental animals? 

Also, I wonder if you have more recent evidence, working in Dr. 
Saba’s laboratory, about the definitive chemical nature of hemo- 
recognition factor, and whether or not it fits into the complement 
system at all, particularly via the alternate pathway. 

Hiram C. Pork, MD, Louisville: I just want to make reference to 
the study that was noted by Dr. Alexander. One of the students 
working with us for a time had shown that dexamethasone pecu- 
liarly depresses some aspects of human leukocyte function, and 
we would like to suggest, Dr. Scovill, that you might like to try an- 
other steroid compound, methylprednisolone sodium succinate, 
which seems to be free from these effects. These depressive ef- 
fects are so statistically significant that it would be interesting to 
hear if you can turn off this mechanism by administering methyl- 
prednisolone. 

Dr. ScoviLL: Dr. Polk, the choice of dexamethasone was merely 
an attempt to inhibit the adrenal activation following surgery as 
_ opposed to the pharmacologic nature of the steroid, since the last 
dose was given 12 to 15 hours prior to experimentation. I also 
think that the studies concerning steroid administrations are ex- 
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ceedingly important, since they have been frequently used, espe- 
cially in the hypotensive patient, a situation in which the RE 
phagocytic failure seems to be most prominent. ie 

Dr. Alexander, in response to your question concerning the 


chemical nature of this opsonin or humoral recognition factor, the 
material has been isolated and purified and found to be a ther- 
molabile, a,-glycoprotein of large molecular weight. It has been 
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isolated with a combination of 35% ammonium sulfate fraction- + lal 
ation, coupled with high-voltage free flow electrophoresis and i 


standard chromatographic procedures. It has been stored in 


lyophilized form, reconstituted, and found to retain the property 
manifested by normal plasma or serum to support hepatic phago- 
cytosis. 


In reference to questions about liver blood flow, in the rat ex- _ 


perimental model, liver blood flow is normal at the periods of post- 


operative RE depression and, in the dogs that were subjected to — 


right hemicolectomy, hepatic sinusoidal blood flow was found to be a 


unchanged over the entire operative and experimental period. 
Getting down to the real clinical significance of RE function 


relative to this lowered level of opsonic protein, an important con- 


sideration is whether or not it pertains to clinical sepsis. These 


clinical studies are in progress. I think the characteristics of the _ 


phagocytic system in clearing blood-borne bacteria as well as 
other autologous tissue would implicate this as a most important 
defense mechanism. The clinical studies are forthcoming. 
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Congenital Heart Disease in Adults 


Surgical Management 


Fifty patients between 17 and 62 years of age who had been 


operated on in the past five years were reviewed. Of 24 patients 
= with atrial septal defects, pulmonary hypertension and dysar- 


rhythmia, which occurred more frequently in the older patients, 
contributed to marked disability in 54% and congestive heart fail- 
ure in 25%. Correction carried minimal risk. All seven patients 
with coarctation of the aorta were previously hypertensive, and 
two remain moderately hypertensive after repair. Three patients 
with Ebstein anomaly were severely disabled but have improved 
after plastic repairs, although mild tricuspid insufficiency per- 
sists. The eight patients with ventricular septal defect were 
asymptomatic, but the rest, treated for tetralogy, pulmonic ste- 
nosis, patent ductus arteriosus, and coronary artery fistula, were 
moderately symptomatic. Clinical improvement has been achieved 
and sustained in all patients following repair. The results con- 
firm that congenital heart malformations can be corrected with a 
good outcome in adults. 


atients who escape complications from congenital 
heart malformations in childhood often progress into 
adulthood in an advanced state of the anomaly mani- 
fested by pulmonary hypertension, atrial fibrillation, and 
congestive heart failure, as well as impairment of other 
organ systems.’ Surgical treatment in this group of pa- 
tients has been shown to have a beneficial hemodynamic 
result and sustained clinical improvement.” However, 
various complications have been encountered in this effort 
because of the severe disability in these patients.’ This 
analysis was undertaken to portray the surgical complica- 
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tions and their management and also to clarify the natu- 
ral history of the various lesions. j 


PATIENTS AND METHODS 


The charts and follow-up information on 50 adult patients sur- 
gically treated for congenital heart disease in our institution from 
1970 through 1974 were reviewed and analyzed. There were 31 
women and 19 men between 17 and 62 years of age. The mean age 
at operation was 34 years. The distribution of the lesions showed a 
large preponderance of atrial septal defects (24), followed in fre- 
quency by ventricular septal defects (8), coarctation of the aorta 
(7), Ebstein anomaly (3), and a variety of other malformations 
(Table 1). 

Diagnosis in each case was made from clinical as well as roent- 
genologic, electrocardiographic, hemodynamic, and angiocar- 
diographic studies. 

Intracardiac operations were performed using cardiopulmonary 
bypass with hemodilution prime and moderate hypothermia. No 
patients required tracheostomy postoperatively, and there was no 
mortality in the series. | 


RESULTS 
Atrial Septal Defects 


Eighteen women and six men between the ages of 17 
and 62 years underwent closure of atrial septal defects. 
The mean age at operation was 38 years. Four of these pa- 
tients had the sinus venosus type of defect with partial 
anomalous pulmonary venous drainage, while the rest had 
ostium secundum atrial septal defects. Thirteen had 
marked clinical disability as evidenced by breathlessness, 
dizziness, and easy fatigue on minimal exertion; six of 
these patients had previously been treated for congestive 
heart failure (Fig 1). 

Classical findings of right ventricular heave, a systolic 
ejection murmur in the pulmonary valve area, and fixed 
splitting of the pulmonic second sound were recorded on 
almost all the patients preoperatively. However, several 
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of them had been labeled for many years as having 
rheumatic heart disease.’ 

_ The cardiothoracic ratio, expressed as a percentage, var- 
ied from 40% to 68% in the preoperative roentgenograms. 
In a group of seven patients with ratios greater than 60% 
who were reevaluated at least a year after operation, 
there was a substantial diminution of this factor that cor- 
related positively with the improved clinical state (Fig 2). 

Of 22 patients who were in predominantly sinus rhythm, 
five had proven episodes of atrial or ventricular arrhyth- 
mias in the preoperative period. After repair, nine pa- 
tients showed various arrhythmias and three were dis- 
charged in atrial fibrillation along with two others who 
had atrial fibrillation before operation (Table 2). 

Pulmonary flow (Qp) was less than twice the systemic 
flow (Qs) in 29% of the patients, while in the majority (45%) 
Qp/Qs varied between 2 and 3. Twenty-five percent had 
ratios greater than 3. The smallest shunt was 1.3:1 in a 56- 
year-old woman with a mean pulmonary artery pressure 
of 65 mm Hg. None of the patients had reversed shunts. 
Pulmonary artery pressure (PAP) was elevated in 58% of 
the patients, which included nine out of 11 patients over 
the age of 40 years. Severe pulmonary hypertension with 
peak systolic PAP greater than 60 mm Hg was recorded in 
16%, all of them 40 years or older. 

Dacron or Teflon patches were used to close all the de- 
fects except two that were repaired by direct suture. Re- 
pair in the 56-year-old woman with severe pulmonary hy- 
pertension was accomplished using a perforated Teflon 
patch. Postoperative evaluation has not shown a residual 
shunt in any patient. 

Atelectasis occurred in six patients, but they all re- 
sponded favorably to energetic respiratory treatment. 


Fig 1.—Frequency of symptoms in 24 patients with atrial septal 
defect. Some patients had more than one symptom. Congestive 
heart failure, CHF. 
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Table 1.— Distribution of Lesions 








Fig 2.—Comparison of preoperative and postoperative cardio- 
thoracic ratios (%) in seven patients whose initial ratios were 
greater than 60%. 



















No. of nO “a 

Lesions Patients Range Mean ia 

Atrial septal defect 24 17-62 38 E- 
Ventricular septal defect 8 23-60 33 T 
Coarctation 7 17-44 27 = 
Ebstein anomaly 3 30-58 40 E } 
Tetralogy of Fallot 3 24-38 30 a 
Pulmonic stenosis 3 17-52 31 É 
Patent ductus arteriosus 2 26-49 38 E 
Coronary artery fistula 1 50 50 x 
Total 17-62 34 a 
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Table 2.—Atrial Septal Defects in Adults "2S 
E 
a -a 
Preoperative Postoperative - 
E A, 
No. of No. of ; 
Arrhythmias Patients % Patients a 
Normal sinus rhythm 17 ‘| 
Paroxysmal atrial an 
tachycardia 3 : ; 
Nodal tachycardia i 
Atrial flutter ye 
Atrial fibrillation 
Premature ventricular 
contractions w 
* Rhythms at discharge. 4 


Cardiothoracic Ratio 
Pre-Op 





Post- Op 
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_ There was one listando of reoperation for continued 
_ bleeding, but no wound infection occurred. All patients 
have shown marked clinical improvements; while most 
were classified in New York Heart Association functional 
_ (NYHA) classes 1 (seven patients), 2 (nine patients) and 3 
(six patients) before treatment, currently the majority are 
in classes 1 (17 patients) and 2 (six patients). 


Ventricular Septal Defects 


There were eight ventricular septal defects in four men 





_ Fig 3.—Sagittal section of heart with Ebstein anomaly showing 
displaced septal (SL) and posterior (PL) leaflets. Atrialized right 
ventricle, ARV; atrial septal defect, ASD; coronary sinus, CS. 


Fig 4.—Repair of Ebstein anomaly. Septal (SL) and posterior 


(PL) leaflets; atrialized right ventricle, ARV; atrial septal defect, 
ASD; coronary sinus, CS. 





and four rani Two of the women had, in addition, se- 
vere aortic insufficiency of rheumatic origin. Another pa- 
tient had associated aneurysm of the membranous portion 
of the interventricular septum. The mean age in this 
group was 33 years, ranging from 23 to 60 years. None of 
these patients had any marked disability, except for a 60- 
year-old woman with associated aortic insufficiency who 
had been treated several times previously for congestive 
cardiac failure. Pulmonary hypertension was absent in all 
these patients. The defects were repaired primarily 
through an aortotomy in the two patients who had associ- 
ated aortic valve replacements. In the others, a right ven- 
triculotomy was used and only one needed a patch for clo- 
sure. All the defects were classified as type 2, except for 
one that was supracristal. No major complications were 
encountered postoperatively, except in one patient in 
whom a residual shunt has been shown. 


Ebstein Anomaly 


Three women, all diagnosed since early childhood to 
have Ebstein anomaly of the tricuspid valve, were surgi- 
cally treated at 30, 33, and 58 years of age, respectively. 
Preoperatively they were all severely symptomatic, as in- 
dicated in Table 3. One of them did not have an interatrial 


Fig 5.—Section through repaired Ebstein anomaly showing ex- 
cluded atrialized right ventricle (ARV), transposed leaflets (SL 
and PL), closed atrial septal defect (ASD), and coronary sinus 
(CS). 





F 











Patient 1 





Symptoms Preoperative 
Dizzy spells + 





Postoperative 






atigue + 4. 
Breathlessness + = 


Palpitations — — 









* Patient 2 did not have interatrial defect. 
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Table 4.—Ebstein Anomaly in Adults 


Patient 1 


Findings 
Cyanosis 
Finger clubbing 
Hepatomegaly 


Preoperative Postoperative 


erum hemoglobin, 
gm/100 m! 


Cardiothoracic ratio, % 
Arterial Po», % 


* Patient 2 did not have interatrial defect. 


shunt. Surgical repair was achieved by plastic reconstruc- 
tion that embodied transposing the bases of the displaced 
and vestigial septal and posterior leaflets to the original 
anulus of the tricuspid valve (Fig 3-5). This maneuver at- 
tempts to exclude the atrialized right ventricle and to 
achieve tricuspid valve competency if the anatomy is fa- 
vorable. The interatrial defects were repaired primarily in 
the two patients. One patient had a complete heart block 
intraoperatively and a permanent pacemaker was im- 
planted. On reevaluation eight to 18 months following cor- 
rection, a slight murmur of tricuspid insufficiency (grade 
2/6) and angiocardiographic demonstration of tricuspid 
regurgitation (grade 1-2/4) has been found in all of them. 
Nonetheless, they have all shown marked improvement 
both clinically (Table 4) and as measured by other indexes. 


Coarctation of the Aorta 


Seven patients between the ages of 17 and 44 years 
were treated for coarctation of the aorta. They were all 
diagnosed after investigations for symptoms of hyperten- 
sion. Four patients had associated, but nonsymptomatic 
bicuspid aortic valves. Repair was accomplished by resec- 
dion with end-to-end anastomosis in four instances and 
tube graft interposition in a fifth, while two others had 
aortoplastic procedures as first described by Vosschulte. ° 

All these patients, except two, were relieved of their hy- 
pertension and their conditions improved. One patient 
whose condition did not improve was a 44-year-old woman 
whoewas being investigated preoperatively for a year’s 
history of progressing left-sided choreiform seizures. She 
had.a left-sided stroke after operation and remained hy- 
pertensive. 
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Miscellaneous Lesions 


Pulmonary valvotomy was performed in three patients — 


aged 17, 23, and 52 years, respectively. Acyanotic tetral- 
ogy of Fallot was repaired by right ventriculotomy, in- 
fundibulectomy, and patch closure of ventricular septal 
defects in three other patients. Resection and closure of 


patient ductus arteriosus was performed in two patients — 


aged 26 and 49 years. A 50-year-old woman being investi- 
gated for chest pains was found to have a fistula between 
the main left coronary artery and the pulmonary artery. 
The fistula was simply divided and ligated. Two of the pa- 
tients with tetralogy of Fallot had previously been treated 
for bacterial endocarditis, and the rest of the patients in 
this group were moderately symptomatic. The only com- 
plication in this group occurred in a 49-year-old woman 
who underwent resection of a patent ductus arteriosus 
and sustained injury to the left recurrent laryngeal nerve. 
Follow-up evaluation in the rest of the patients has shown 
improvement and resumption of normal activity. 


COMMENT 


The most common lesion encountered in this study of 
congenital heart disease in adults was atrial septal defect 
(48%). This has been the consistent experience of several 
investigators,?1!1 

Among this group of patients with atrial septal defects, 
our analysis shows a positive correlation between increase 
in age and the degree of clinical disability. All six patients 
who had previously been treated for congestive cardiac 
failure were over 40 years old and all had peak systolic 
PAP greater than 30 mm Hg. Also, of ten patients over 
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the age of 40 years, all were symptomatic and 70% were in 
functional class 3 or 4. The role coronary artery disease 
and left ventricular dysfunction might have played in 
their preoperative disability could not be ascertained since 
coronary arteriography was not performed preoperative- 
ly.* There was also a positive correlation between increase 
in age and pulmonary hypertension, as has been noted by 
some investigators'?-* but not confirmed by others.’ No re- 
lationship was found between the magnitude of the shunt 
and pulmonary hypertension, as has been implied by Cohn 
and Collins. The few postoperative pulmonary complica- 
tions were evenly distributed among all the patients and 
could not be attributed to pulmonary hypertension, as 
suggested by Hairston et al.’ In concert with other au- 
thors,?**? we found that atrial fibrillation and other 
arrhythmias occurred both preoperatively and after oper- 
ation in the older patients with pulmonary hypertension. 
None of our patients who were in atrial fibrillation before 
operation converted to sinus rhythm following correction, 
as occurred in the study reported by Dave et al.* Since the 
life span of patients with uncorrected atrial septal defects 
has been found to be lower than that of the normal popu- 
lation," it is encouraging that our results have shown 
that even the very disabled patients in this group can un- 
dergo surgical correction without mortality and with min- 
imal morbidity.*’ 

Even though ventricular septal defect is the most com- 
mon congenital anomaly of the heart seen clinically,’ 
spontaneous closure of small defects (estimated to be 30% 
or more) and congestive heart failure in infancy due to 
large defects, with possible death or earlier recognition 
and correction, make its incidence in adults small, as indi- 
cated in our figures. The absence of pulmonary hyperten- 
sion and clinical disability in our group of patients is prob- 
ably a result of the small size of the defects, together with 
the small left-to-right shunts" and perhaps the natural se- 
lection that had preserved them till adulthood. However, 
due to the risk of bacterial endocarditis and possible sus- 
ceptibility to premature left ventricular failure,* these le- 
sions must be repaired in the adult, especially if the oper- 
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ative risk is negligible. 

The shortened life expectancy of patients afflicted with 
untreated coarctation of the aorta has been welt illus- 
trated by Campbell.* Surgical correction has, therefore, 
been recommended in all patients with coarctation of the 
aorta unless there are substantial contraindications.’® All 
our patients were discovered after investigations for 
symptoms of hypertension. Complete relief of hyperten- 
sion after operation is known to decrease with increase in 
the age of the patient.’ It was not surprising that two pa- 
tients, aged 44 and 38 years, remained hypertensive post- 
operatively. Follow-up evaluation of the patients who had 
aortoplastic repair has shown satisfactory repair with re- 
lief of hypertension and absence of a gradient across the 
repaired area, as was also found by Moor et al.” 

The plastic procedure described by Hardy et al was 
utilized to correct Ebstein anomaly of the tricuspid valve. 
Total competeney of the tricuspid valve apparatus was not 
obtained in any of our patients, but there has been a tre- 
mendous improvement in all of them. This benefit can be 
ascribed to the elimination of the atrialized ventricle, 
which has been found to interfere with effective right ven- 
tricular filling and to impair the ejection of blood into the 
lungs.'*® Total competency may not be achieved in all 
cases utilizing this method of repair since there is a wide 
anatomic spectrum of appearance of the tricuspid valve 
apparatus in this anomaly. Tricuspid regurgitation was 
also reported in three out of six patients reported by 
Hardy and Roe.” 

Morbidity in this series of patients has been minimal, 
and no operative death was encountered. Patients in all 
categories have shown improvement, which has been ob- 
jectively verified in some cases. It can be concluded that 
adults diagnosed with congenital heart malformations can 
be safely operated on with anticipation of satisfactory re- 
sults. 


Karen Watenpool, Melanie Pfister, and Donna Zdelar did the secretarial 


work. 
The Medical Illustration Department produced the art work. 
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Discussion 


JAY L. ANKENEY, MD, Cleveland: It is a pleasure to discuss this 
nice piece of work. It raises several questions that might be wor- 
thy of discussion. 

This paper supports the idea that children with congenital heart 
defects should be operated on as children. If they grow up to be 
adults, especially with atrial septal defects, they may have irre- 
parable damage to the heart as a result of the overworking of the 
right ventricle that is necessary to keep the blood going around 
the pulmonary circulation. 

I would like to emphasize the fact that in this series of cases 
the authors had quite a few patients who were operated on for 
arrhythmias but, disappointingly, they still have arrhythmias. I 


_ would like to know if that was the case and if some of those pa- 
tients continued to have recurrent episodes of tachycardia. 
= We have corrected 250 or more secundum defects without using 


a patch in any case. I do not think you need to put foreign mate- 
rial in the atrium to close a septal defect. Perhaps this might be of 
value to the patient later on. The mortality in operating on these 
people should be zero, which has been the authors’ experience. 
What were the indications for operating on the adults with ven- 
tricular septal defects? This raises another very interesting ques- 
tion: What has happened to the children who were born with ven- 
tricular septal defects? Did they die? Did the ventricular septal 


defects close? We personally do not believe that a small ventricu- 


lar septal defect should be closed. Our cardiologists convinced me 
that a small ventricular septal defect is not endangering the pa- 
tient’s life or existence. The only excuse some people use to oper- 
ate on these patients is subacute bacterial endocarditis. I person- 
ally do not know of one patient with subacute bacterial 
endocarditis with ventricular septal defect that has died. 

What are the valid indications for doing a small ventricular sep- 
tal defect? We can climb the mountain, we can operate on the pa- 
tient, we can look over the other side, but the scene has to be 
pretty. When you open a right ventricle, you produce a right 
bundle branch block. Perhaps as these people get older, with 
sclerotic disease, they could develop a left bundle branch block, 
and then we would be in trouble. We have to be very circumspect 
about repairing small ventricular septal defects. We are observing 
quite a few children without operating on them. 

What about coarctation of the aorta? There is no question that a 
child with coarctation should have resection. The mortality is zero, 
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but as the authors found in two of their patients in the alar age 


group (30 to 40 years old), hypertension is persistent. This has 


been our experience. It would be very nice if we had some way to 
delineate the patient who is going to have persistent hypertension 
in the older age group. Perhaps renin studies might help. They do 


not help in children, but they might be of help in some of these 


older patients; I wonder if the authors have done any renin stud- 
ies in the older patients with coarctation? 
This was a nice piece of work with good results. In general con- 


genital heart defects should be corrected before they cause irre- i 
parable damage to the heart. They can be corrected at the right — 
psychological age in the younger agé group with superb results. In 3 


the older age group, the results will not be as good. 
Dr. Bexor: I thank Dr. Ankeney for discussing the paper. In re- 


gard to arrhythmias, we found that in most of the patients who — 


have arrhythmias preoperatively, arrhythmias persist after cor- 


rection. In fact, of the five patients who were discharged with — 


atrial fibrillation, two of them had been in fibrillation before the 
procedure. We noticed, however, that after repair was less diffi- 
cult to treat these patients with various drug manipulations using 
digitalis, propranolol hydrochloride, and quinidine sulfate. 

As regards to the use of the patch, it is quite well known that 
the secundum defect in an older patient usually produces a dilated 
right atrium, a large defect, and a very thin remnant septum. We 
found that when closing them primarily, sometimes the sutures 
did not hold and, thus, patches were used. We are aware of the 
complications that have been encountered by others, ie, infection 
and thrombosis on the foreign material, and we are watching 
these patients. 


Why close a small ventricular septal defect? The threat of bac- 
terial endocarditis is definitely in our minds, and it is a possibility. — 
There is also a theoretical reason for closing a ventricular septal 


defect: the septum, along with the free left ventricular wall, con- 
tract in systole to eject blood into the aorta. With a septal defect 


- there is the possibility that these patients might have a premature — A 


left ventricular dysfunction. This remains, of course, as an un- 
tested thesis. 


Renin studies? We have not performed them before repairing 


coarctations, but perhaps these older patients have to be studied 
along those lines. 
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Clinical Use of 
the Membrane Oxygenator 


Robert B. Pyle, MD; William C. Helton, MD; Frederick W. Johnson, MD; John R. Hornung, MD; 
Carl E. Hunt, MD; Horace R. Trumball, MD; William G. Lindsay, MD; Demetre M. Nicoloff, MD, PhD 


Since April 1973 we have treated nine patients with extra- 
corporeal membrane oxygenation (ECMO), utilizing the spiral 
coil membrane lung. One patient is a long-term survivor. All pa- 
tients except one showed substantial improvement in peripheral 
arterial oxygen tension. Four adults and two neonates were 
treated for critical hypoxia. Two patients were treated for cardiac 
failure but failed to show improved myocardial function. Compli- 
cations involving perfusion circuitry, cannulation, chronic sys- 
temic heparinization, thrombocytopenia, and renal failure have 
been managed with minimal difficulty. However, irreversible pul- 
monary, neurologic, hepatic, or gastrointestinal damage due to 
hypoxia present before the institution of ECMO was associated 

with lethal complications. The ECMO has supplied adequate 
oxygenation to this group of nine critically hypoxic patients. In- 
stitution of ECMO at an earlier date in patients with critical hy- 
poxia would provide a higher likelihood of survival. 


xtracorporeal membrane oxygenation (ECMO) has 
been developed to provide temporary treatment for 


= = patients with reversible acute pulmonary and cardiac in- 


sufficiency. Interposition of a membrane between the 
blood and gas phase of the oxygenator used for cardio- 
pulmonary bypass was suggested to decrease damage to 
the formed elements of the blood during extracorporeal 
circulation. The spiral coil membrane lung employs sili- 
cone membrane with relatively efficient gas transfer.’ 
Several authors have reported using ECMO to maintain 
adequate oxygenation in animals and in patients.?* We 
wish to add our experience in nine patients to these re- 
ports. Our experience is somewhat unique in that two of 
these patients were neonates, two were children younger 
than 5 years of age, and five were adults. The clinical re- 
sults and complications in these patients are reviewed. 


REPORT OF CASES 


Case 1.—A 50-year-old man developed low cardiac output follow- 
ing double valve replacement. Respiratory support with a volume 
respirator with 100% oxygen (O,) and 3 cm of positive end-expira- 
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tory pressure (PEEP) was required with blood gas values of pH, 
7.24; arterial carbon dioxide pressure (Pco,), 62 mm Hg; and oxy- 
gen pressure (Po,) of 73 mm Hg prior to membrane support. The 
ECMO was instituted because of deteriorating cardiac status. The 
patient was treated with two 2.5-sq m spiral coil membrane lungs 
in parallel with venovenous perfusion for a 12-hour period. During 
the first hour of the run with a fraction of inspired oxygen (FIO,) 
of 1.0 and 2-liter flow through the membrane units, the pH was 
7.27, Pco,, 43 mm Hg; and Po,, 153 mm Hg. The FIO, was reduced 
to 0.5 throughout the course of the run and arterial blood gas val- 
ues averaged: pH, 7.33; Pco,, 40 mm Hg; and Po,, 86 mm Hg with a 
3-liter membrane flow. The patient remained in cardiogenic shock, 
however, and required increasing doses of vasopressor agents. Re- 
nal failure ensued and a hyperkalemic arrest occurred from which 
the patient could not be resuscitated. Postmortem examination 
showed substantial cerebral fat emboli that had not previously 
been suspected. | 

Case 2.—A 16-year-old boy sustained a massive hemothorax fol- 
lowing a stab wound to the chest that resulted in shock lung syn- 
drome. Respiratory treatment with a volume respirator with 100% 
oxygen and 10 cm of PEEP was required with blood gas values of — 
pH, 7.34; Pco., 54 mm Hg; and Po,, 24 mm Hg prior to membrane 
support. Membrane support with a single 2.5-sq m spiral coil 
membrane lung using venovenous circuit perfusion was continued 
for 26 hours. During the first hour of support with an FIO, of 1.0, 
and a 2-liter membrane flow per minute, the following blood gas 
levels were obtained: pH, 7.39; Pco,, 51 mm Hg; Po,, 70 mm Hg. 
However, this patient also developed renal failure and died from a 
hyperkalemic arrest. 

Case 3.—A 20-year-old man was involved in a motorcycle acci- 
dent in which he suffered a fracture of the sixth thoracic vertebra 
with subsequent paraplegia. Shock lung syndrome and pulmonary 
contusion caused progressive pulmonary insufficiency. Respira- 
tory support with a volume respirator with 100% oxygen and 10 
em of PEEP disclosed maximal blood gas levels prior to mem- 
brane support of pH, 7.55; Pco,, 34 mm Hg; and Po,, 39 mm Hg. 
Membrane support was initiated using a venovenous circuit wit 
two 2.5-sq m spiral coil membrane lungs in parallel. Treatment 
was carried on for three days at flows from 2 to 5 liters/min. Dur- 
ing the first hour of support, the arterial blood bases with FIO, of 
1.0 and membrane flows of 2 liters/min were pH, 7.55; Pco,, 30 mm 
Hg; and Po,, 57 mm Hg. Average arterial blood gas values during 
his ECMO course were pH, 7.49; Pco,, 42 mm Hg; Po,, 61 mm Hg, 
with FIO, of 0.5 and 4,800 ml/min of membrane flow. With*mem- 
brane support, the inspiratory oxygen concentration could be re- 
duced and pulmonary secretions could be aspirated liberally,,thus 
producing improved pulmonary function. Membrane support was 
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complicated by upper gastrointestinal tract bleeding that was con- 
trolled once the membrane support and systemic heparinization 
ceased. Use of the respirator was successfully discontinued and 
the patient was rehabilitated to a functional life. 

Case 4.—A newborn girl weighing 3,310 gm (3.5 lb) developed 
pulmonary insufficiency secondary to meconium aspiration. Res- 
piratory support with a volume respirator with 100% oxygen and 
12 cm of PEEP produced a pH of 7.08; Pco,, 62 mm Hg; and Po,, 21 
mm Hg prior to membrane support. Membrane support was car- 
ried out for nine days with a 0.8-sq m spiral coil membrane lung 
using a venoarterial circuit. Blood was withdrawn from a right 
atrial cannula inserted through the right internal jugular vein and 
infused into a cannula placed through the umbilical vein across 
the foramen ovale into the left atrium. Membrane flows of 160 to 
320 ml/min were obtained. During the first hour, the pH was 7.42; 
Pco,, 28 mm Hg; Po,, 44 mm Hg with an FIO, of 1.0 and a mem- 
brane flow of 140 ml/min. During the patient’s course, average 
membrane flow was approximately 250 ml/min with FIO, of 0.5, 
which produced arterial blood gas values of pH, 7.27; Pco,, 75 mm 
Hg; and Po,, 83 mm Hg. Renal failure developed and the patient 
was treated with hemodialysis in parallel with the membrane cir- 
cuitry. Coagulopathy was controlled with infusion of fresh blood 
and platelets. On the seventh day of membrane support, a diag- 
nostic lung biopsy was carried out to substantiate the disorder in- 
volved in the continued pulmonary insufficiency. This procedure 
was followed by disseminated intravascular coagulation and un- 
controllable intrapulmonary hemorrhage. The patient was treated 
for an additional two days at which time continued deterioration 
led to her death. 

° Case 5.—A 31-year-old man developed pulmonary fat emboli fol- 
lowing a femur fracture sustained in an automobile accident. Res- 
piratory support on a volume respirator with 100% oxygen and 10 
cm of PEEP was required with an arterial pH of 7.28; Pco, of 45 
mm Hg; and Po, of 25 mm Hg prior to membrane support. The 
ECMO was instituted because of increasing respiratory insuffi- 
cien¢y manifest by two respiratory arrests prior to membrane 
support. The patient was supported with two 2.5-sq m spiral coil 
membrane lungs in parallel with a venoarterial circuit for two 
days. Membrane flows of 3 to 5 liters/min were obtained with two 
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Fig 2.—Membrane circuitry. 
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venous cannulas and a single arterial cannula. The patient devel- 
oped renal failure that was managed with hemodialysis in parallel 
with the membrane circuit. Adequate oxygenation was obtained 
within the first hour of membrane support, as shown by these ar- 
terial blood gas levels: pH, 7.30; Pco., 35 mm Hg; Po,, 42 mm Hg, 
with an FIO, of 1.0 and membrane flow of 4 liters/min. The pa- 
tient’s oxygenation stabilized during the course of the membrane 
run; average gas values were pH, 7.54; Pco., 36 mm Hg; and Po,, 65 
mm Hg, with FIO, of 0.5 and 5 liter/min membrane flow. The 
ECMO was discontinued after verification of extensive mesenteric 
infarction during exploratory laparotomy. The mesenteric infarc- 
tion diagnosed on the second day of membrane support was be- 
lieved to be due to hypoxia present before membrane support was 
instituted. 

Case 6.—A 2'4-year-old boy weighing 11.9 kg (26.2 lb) was sup- 
ported with ECMO for increasing right ventricular failure follow- 
ing total correction of tetralogy of Fallot. Respiratory support 
with 100% oxygen with a volume respirator disclosed blood gas 
levels of pH, 7.37; Pco,, 32 mm Hg; and Po,, 146 mm Hg prior to 
membrane support. The ECMO was carried out for 24 hours with a 
single 2.5-sq m spiral coil membrane lung using venoarterial per- 
fusion. Flows of 350 ml/min to 2 liters/min were obtained in the 
membrane circuit. The first hour after instituting membrane sup- 
port the pH was 7.50; Pco., 23 mm Hg; and Po,, 210 mm Hg, with 
an FIO, of 0.6 and membrane flow of 350 ml/min. The ECMO flow 
rates were increased to 2 liters/min because of increasing cardiac 
failure but without benefit. Average arterial gas levels during the 
patient’s support were pH, 7.44; Pco., 23 mm Hg; Po., 106 mm Hg, 
with an FIO, of 0.4 and an average flow of 650 ml/min. Renal fail- 
ure was treated with hemodialysis in parallel. The patient contin- 
ued to require large doses of vasopressor agents and finally his 
cardiac status deteriorated to the point that there was no response 
to any cardiotonic agents. Membrane support was discontinued 
after two days. 

Case 7.—A 21-year-old man developed pulmonary insufficiency 
following aspiration of a ruptured lung abscess 11 days after on- 
set of pneumonia. Respiratory support with a volume respirator 
utilizing 100% oxygen and 13 cm of PEEP disclosed a pH of 7.16; 
Pco,, 81 mm Hg; and Po,, 28 mm Hg prior to membrane support. 
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Fig 3.—Venovenous perfusion of (1) femoral vein and (2) inter- 
nal jugular vein. 
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Fig 4.—Venoarterial perfusion. Blood removed from superior 
(SVC) and inferior (IVC) vena cava. 


The ECMO was instituted because of increasing respiratory dis- 
tress manifest by two respiratory arrests prior to membrane 
support. The ECMO was carried out for eight hours with a 4.5-sq 
m membrane and subsequently with a 3.8-sq m lung after prob- 
lems with gas exchange were noted with the initial lung. In the 
first hour of ECMO, using the 4.5-sq m lung with membrane flows 
of 3 liters/min and FIO, of 1.0, the pH was 7.3; Pco,, 37 mm Hg; 
and Po,, 75 mm Hg. The average values obtained with a 3.8-sq m 
lung at a flow rate of 3 liters/min and an FIO, of 1.0 were pH, 7.36; 
Pco,, 59 mm Hg; and Po,, 75 mm Hg. Unfortunately, the patient 
sustained a substantial cerebral insult prior to membrane support. 
In addition, he required massive doses of vasopressor agents due 
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to septic shock and the hypoxic insult to his myocardium. Renal 
failure ensued shortly after institituion of membrane support. Be- 
cause of technical difficulties with maintaining adequate -mem- 
brane support and because of the irreversible neurologic status, 
ECMO was discontinued after eight hours and the patient died. 

Case 8.—A 35-week newborn boy weighing 2,960 gm (6.5 lb) had 
pulmonary insufficiency secondary to severe respiratory distress 
syndrome. Respiratory support with 100% oxygen and 10 em 
PEEP produced a pH of 7.29; Pco,, 51 mm Hg; and Po,, 50 mm Hg 
prior to membrane support. The patient was supported with a 0.8- 
sq m spiral coil membrane lung using a venoarterial circuit for 36 
hours. Flows of 180 to 220 ml/min were obtained. During the first 
hour after membrane support with an FIO, of 0.4 and a flow rate 
of 180 ml/min, the blood gas levels were pH, 7.38; Pco,, 72 mm Hg; 
and Po,, 63 mm Hg. In spite of adequate oxygenation, the patient 
developed renal failure with a rising serum potassium level and 
fluid accumulation. He also developed increasing hypotension with 
a requirement for volume replacement and vasopressor agents. 
This case was distinguished by the development of severe peri- 
pheral vasospasm with poor oxygen extraction. With continued 
poor peripheral perfusion, the patient sustained a bradycardic 
arrest 36 hours after membrane support was initiated, and was 
unable to be resuscitated. 

Case 9.—A boy aged 3 years 10 months weighing 14 kg (10.8 Ib) 
had a condition diagnosed as pulmonary insufficiency secondary to 
viral pneumonia. The patient was treated for pneumo- 
mediastinum, pneumopericardium with tamponade, and pneu- 
mothorax. A lung biopsy specimen showed nonbacterial inter- 
stitial pneumonitis. His pulmonary insufficiency progressed to the 
point that with a respirator on 100% oxygen and a PEEP of 12, the 
arterial pH was 7.50; Pco,, 36 mm Hg; and the Po,, 47 mm Hg. It 
was elected to begin membrane support for continued and in- 
creasing pulmonary insufficiency. Membrane support was begun 
with a 1.5-sq m spiral coil membrane lung using venoarterial per- 
fusion. Because of inadequate oxygen transfer, this lung was 
changed to a 2.5-sq m lung five days after support was begun. The 
patient developed renal failure after four days of membrane sup- 
port and was treated with hemodialysis in parallel with the mem- 
brane circuitry. Metabolic caloric needs were partially met with 
hyperalimentation. The patient died of continuing respiratory in- 
sufficiency after 20 days of ECMO support. 


METHODS 


Before implementation of ECMO support, the following condi- 
tions were met. The procedure was explained completely to the pa- 
tient’s next of kin, and informed consent was obtained. The pa- 
tients had acute life-threatening respiratory insufficiency that, 
with temporary pulmonary support, might be expected to resolve 
in a short period of time with survival of the patient. Life-threat- 
ening or irreversible neurologic, cardiovascular, or gastrointesti- 
nal complications and sepsis were considered to be contraindica- 
tions to ECMO. The specific criteria used were as follows: The 
arterial Po, should be less than 50 mm Hg or Pco, greater than 50 
mm Hg with FIO, of 0.8 or greater combined with positive end- 
expiratory pressure of 8 to 10 cm of water or greater. We had, in 
all cases, employed the spiral coil membrane lung (Fig 1). This 
unit has been shown to transfer 55 ml of oxygen per minute per 
square meter of membrane surface at 37 C with an hematocrit 
level of 40%; pH of 7.35 to 7.45; Pco,, 35 to 45 mm Hg; blood inflow 
saturation of 65%; and blood outflow pressure of 300 mm Hg.’ A 
0.8-sq m surface area membrane was used for infants, a 2.5-sq m 
for children weighing less than 20 kg (44 lb) and two 2.5-meter 
membrane lungs in parallel in adult patients. One adult was 
treated with a single 2.5-sq m membrane lung and another adult 
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was treated with a 4.5- and later a 3.8-sq m membrane lung. The 
venous blood was returned to the membrane by gravity drainage 
by one or two venous catheters, depending on the flow required. A 
servocontrol sensing mechanism shut off the pump when the res- 
ervoir level decreased too rapidly. Blood was passed through a 
heat exchanger to maintain normothermia and was pumped 
through the membrane lung into the patient with a roller pump. 
Oxygen was passed through the membrane lung in a counter- 
current manner. A recirculation line carried blood from the pa- 
tient inflow line to the venous reservoir when necessary (Fig 2). 
Cannulas used for removal and infusion of blood were those rou- 
tinely used for cardiopulmonary bypass in the operating room. 
Venovenous and venoarterial perfusions have been employed in 
our series. Venovenous perfusion (Fig 3) was considered to supply 
lower flow rates with little or no added work load on the myocar- 
dium. Venoarterial perfusion (Fig 4) provided greater flow rates, 
since blood was removed from both the inferior and superior vena 
cava. However, increased afterload, due to nonsynchronized con- 
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tinuous arterial pumping, was considered to increase the workload H LEE N 

of the heart. In venovenous perfusion, blood was withdrawn from ay ARTERIAL PRESSURE: gg A a 
the inferior vena cava from a catheter introduced in the femoral - l SSS Sse 
vein and the oxygenated blood was returned to the right atrium. ha NEO 
To minimize mixing, the infusion catheter was introduced through = 


the internal jugular vein. In one infant (case 4), the return cathe- 
ter crossed the foramen ovale so that oxygenated blood was re- Fig 5.—Return of oxygenated blood to left atrium (case 4). 
turned to the left atrium; a theoretically ideal situation (Fig 5). 
Arterial cannulation was performed through the femoral artery or 
preferably the subclavian or axillary artery (Fig 6). The latter ap- 
proach provided a greater amount of oxygenated blood to the cor- 
onary and cerebral circulations. 

Heparinization was accomplished by priming the circuit with 
heparinized blood and the administration of 1 to 3 mg of heparin 
sodium per kilogram of body weight intravenously, just prior to 
cannulation. Continued hourly administration of heparin was ad- 
justed to maintain a thromboplastin time of 75 to 90 seconds at 1:2 
or 1:4 dilution. The heparin dose was evaluated hourly by deter- 
mining the activated thromboplastin time. Platelet concentrates 
were administered if the platelet count fell below 50,000/cu mm. 

Rising serum potassium levels on the ECMO with renal failure 
led to utilization of hemodialysis in parallel with the membrane 
circuitry. Blood glucose levels were monitored routinely, as were 
serum electrolytes, calcium, and phosphorus. Liver function was 
assessed with daily serum glutamic pyruvate transaminase, alka- 
line phosphatase, and bilirubin levels. Hemolysis was evaluated 
with plasma hemoglobin and serum haptoglobin determinations 
on a daily basis. Hyperalimentation was used in both infants and 
in one child to improve their nutritional status. 

Pulmonary support was maintained with the volume respirator 
and the FIO, was kept as low as possible to maintain an arterial 
Po, of 50 mm Hg or greater. Pulmonary secretions were managed 
by frequent aspiration and lavage of the bronchial tree. Bronchos- 
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copy was carried out for diagnosis and for removal of secretions in font 
four patients. 

Fig 6.—Venoarterial perfusion with axillary artery cannulation 

RESULTS through internal jugular vein (1), axillary artery (2), and femoral 


vein (3). 


A total of nine patients have been supported with 
ECMO at the University of Minnesota Hospitals since function. Six of seven patients in whom ECMO was em- 
April of 1973. Patient 3 was successfully weaned from ployed for critical respiratory insufficiency were ade- 
ECMO and is a long-term survivor. The ECMO has been quately oxygenated. In patient 7, the oxygenator mem- 
employed in two neonates, two children younger than 5 brane envelope shifted and thereby decreased gas 
years of age, and five adults. Two patients, in whom transfer. Technical difficulties occurred in only one other 
ECMO was employed for myocardial failure, did not dem- patient due toa faulty arterial cannula that had been pre- 
onstrate any substantial improvement in myocardial pared locally. Cannulation was attained without difficulty 
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in all patients except in one infant in whom the problem 
of arterial cannulation was solved by placing a catheter 
across the foramen ovale for infusion of oxygenated blood 
into the left atrium. Three of the nine patients developed 
difficulties related to continuous systemic heparinization. 
One patient suffered massive gastrointestinal hemorrhage 
managed by transfusions until ECMO could be success- 
fully discontinued. One infant, following open lung 
biopsy, died from massive intrapulmonary hemorrhage 
due to disseminated intravascular coagulation. The third 
patient exhibited repeated episodes of clotting in the 
membrane circuitry despite the administration of large 
doses of heparin. 

Renal failure was present in eight of the nine patients. 
In one patient oliguria was first noted four days after 
ECMO was begun, but in all others renal failure was pres- 
ent when ECMO was initiated. Hyperkalemic cardiac ar- 
rest was the cause of death in two patients. Fluid and 
electrolyte balance was maintained satisfactorily in five 
other patients by using intermittent hemodialysis in par- 
allel with the membrane perfusion circuit. 


COMMENT 


Our experience with ECMO has demonstrated the ca- 
pacity for ECMO to provide adequate oxygenation in nine 
patients treated for periods of eight hours to 20 days. In 
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only one of the patients was the function of the mem- 
brane lung believed to be unsatisfactory because of 
inefficient gas exchange. In all other patients ECMO sup- 
port allowed reduction in FIO,, thereby reducing the risk 
of oxygen toxicity. The circuitry and the spiral coil mem- 
brane lung used have been shown to be safe and reliable. 
Equal applicability of ECMO has been demonstrated in in- 
fants, children, and adults. Fluid and electrolyte balance 
associated with renal failure has been managed, when 
necessary, by hemodialysis in parallel with the membrane 
circuit. 
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Dome-Paste Bandage 


Modified Unna’s Boot 


Encourages healing of skin lesions... 
contributes to patients comfort 


Now a new 3-inch width...easy application for smaller limbs, fewer 
wrinkling problems than with fraying band- 
ages, greater economy. 


LI Also in standard 4-inch width with nonraveling, thread-locked edges. 

L] Both sizes in 10-yard rolls, neutral-colored, rayon-reinforced for strength. 

L Uniformly impregnated with zinc oxide, gelatin, calamine. 

LJ Each roll sealed in a polyethylene bag to | i 
preserve freshness. Dome Laboratories 

LI Always ready for immediate use. Division Miles Laboratories Inc Paes 
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When either aerobic or anaerobic 
infection complicates cholecystitis 
or cholecystectomy... 


Vibramycin IV. Hyclate 


(doxycycline hyclate for injection) 


is often effective against susceptible 
strains of bacterial pathogens that may 
be encountered in biliary tract 
infections," such as: 


Escherichia coli Streptococcus faecalis* 
Enterobacter Anaerobic streptococci” 


“Up to 44% of strains of Streptococcus pyogenes and 74% of 


Streptococcus faecalis have been found to be resistant to tetracycline 

drugs. Therefore, tetracyclines should not be used for streptococcal 

disease unless the organism has been demonstrated to be sensitive. 
Clostridium welchii 

When penicillin is contraindicated, doxycycline is an alternative drug 

in the treatment of infections due to Clostridium species. 


Because not all strains of pathogens are susceptible, it is recommended 
that routine culture and susceptibility tests be performed. 


Penetrates bile and cholecystic tissue’ 


Penetration of Vibramycin (doxycycline) has been shown to occur in 
bile and cholecystic tissue obtained by biopsy from volunteers not 
under specific therapy. This penetration is regarded as essential to 
therapeutic efficacy, but specific antibiotic tissue levels have not been 
directly correlated with specific therapeutic effects. 
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1. Fukunaga, F. H.: Arch. Surg. 106:169, Feb. 1973. 

2. Gorbach, S. L. and Bartlett, J. G.: N. Engl. J. Med. 290:1178, May 23, 1974. 
3. Sjödahl, R. and Wetterfors, J.: Scand. J. Infect. Dis. 6:184, 1974. 


Vibramycin IV. 


( li A late tetracycline hyclate 
w a Ll Vials containing doxycycline hyclate equivalent to 
for in ection 100 mg. doxycycline with 480 mg. ascorbic acid, and 
200 mg. doxycycline with 960 mg. ascorbic acid 
Pfizer LABORATORIES DIVISION 
PFIZER INC 


See Brief Summary on followin e for details on dosage and 
administration, contraindications and adverse reactions. 
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Vibramyc 





Æ No dosage alteration needed in patients with 
laboratory indications of renal insufficiency. 


‘mg Convenient once-a-day administration (200 mg. 


the first day, followed by 100 mg. to 200 mg. per 
day thereafter, with the 200-mg. dose administered 
in one or two infusions). 


@ Virtually no loss in serum levels when switching 
from I.V. to oral therapy. 


Vibramycin’ Hyclate (doxycycline hyclate) and 
Vibramycin” Hyclate I.V. (doxycycline hyclate for injection) 
BRIEF SUMMARY 


Contraindicated: |n persons hypersensitive to any of the tetracyclines. 


Warnings: Use of tetracyclines during the last half of pregnancy, infancy 
and childhood to the age of 8 years may cause permanent discoloration of 
developing teeth. This is more common during long-term use of the tetra- 
cyclines but has been observed following repeated short-term courses. 
Enamel hypoplasia has also been reported. Thus, tetracyclines should not 
be used in this age group unless other drugs are not likely to be effective or 
are contraindicated. Individuals receiving tetracycline antibiotics should be 
advised that direct sunlight or ultraviolet light can cause photosensitivity 
reactions. If these reactions (exaggerated sunburn) occur, discontinue ther- 
apy. Doxycycline forms a stable calcium complex in any bone-forming 
tissue. Fibula growth has been decreased in prematures given oral tetra- 
cyclines 25 mg./kg. q. 6 h., but this reaction was reversible when the drug 
was discontinued. 

The antianabolic action of the tetracyclines may cause an increase in BUN. 
Studies to date indicate that this does not occur to a significant degree with 
the use of Vibramycin in patients with impaired renal function. 

Vibramycin Intravenous has not been studied in pregnant patients. It 
should not be used in pregnant women unless, in the judgment of the phy- 
sician, it is essential for the welfare of the patient. 

Animal studies indicate that tetracyclines cross the placenta, are found in 
fetal tissues and can have toxic effects on the developing fetus. Evidence of 
embryotoxicity has also been noted in animals treated early in pregnancy. 

The use of Vibramycin Intravenous in children under 8 years is not recom- 
mended because safe conditions for its use have not been established. 

Tetracyclines are present in the milk of lactating women who are taking 
a drug in this class. 





Precautions: Overgrowth of nonsusceptible organisms may occur, including 
fungi. If such superinfections are encountered, discontinue Vibramycin and 
institute appropriate therapy. 

In venereal disease when coexistent syphilis is suspected, a dark-field 
examination should be done before initiating therapy. Conduct monthly 
serological tests for at least 4 months. 

Because tetracyclines depress plasma prothrombin activity, patients on 
anticoagulant therapy may require downward adjustment of their antico- 
agulant dosage. 

In long-term therapy, conduct periodic laboratory evaluation of organ sys- 
tems, including hematopoietic, renal and hepatic. 

Treat all Group A beta-hemolytic streptococcal infections for at least 
10 days. 

Avoid giving doxycycline with penicillin because of possible interference 
with penicillin activity. 





In Lv. 


A semi-synthetic tetracycline hyclate 


(doxycycline hyclate for injection) 322.38 22 nos 











Vials containing doxycycline hyclate equivalent to 


Antacids containing aluminum, calcium, or magnesium impair absorp- 
tion and should not be given concomitantly to patients taking oral 
Vibramycin. 


Adverse Reactions: Anorexia, nausea, vomiting, diarrhea, glossitis, dys- 
phagia, enterocolitis, inflammatory lesions (with monilial overgrowth) in 
the anogenital region, maculopapular and erythematous rashes, exfoli- 
ative dermatitis, photosensitivity, urticaria, angioneurotic edema, anaphy- 
laxis, anaphylactoid purpura, pericarditis, exacerbation of systemic lupus 
erythematosus, hemolytic anemia, thrombocytopenia, neutropenia and 
eosinophilia have been reported. Prolonged administration of tetracyclines 
may produce brown-black microscopic discoloration of thyroid glands. No 
abnormalities of thyroid function studies are known to occur. Bulging 
fontanels have been reported in young infants on therapeutic dosage but 
disappeared when the drug was discontinued. A dose-related rise in BUN 
has been reported. 


Oral Adult and Children’s Dosages: See the Vibramycin Oral package 
insert for recommended dosage schedules for adults and children. 


Intravenous Dosage and Administration: Note: Rapid administration is to 
be avoided. Parenteral therapy is indicated only when oral therapy is not in- 
dicated. Oral therapy should be instituted as soon as possible. If intravenous 
therapy is given over prolonged periods of time, thrombophlebitis may result. 
The usual dosage and frequency of administration of Vibramycin I.V. 
( 100-200 mg./day) differs from that of the other tetracyclines (1-2 Gm./day). 
Exceeding the recommended dosage may result in an increased‘incidence 
of side effects. 
Studies to date have indicated that Vibramycin, at the usual recommended 
doses, does not lead to excessive accumulation of the antibiotic in patients 
with renal impairment. 


Intravenous Adult Dosage: The usual dosage of Vibramycin |.V. is 200 mg. 
on the first day of treatment administered in one or two infusions. Sub- 
sequent daily dosage is 100 to 200 mg. depending on the severity of infec- 
tion, with 200 mg. administered in one or two infusions. 

In the treatment of primary and secondary syphilis, the recommended 
dosage is 300 mg. daily for at least 10 days. 


Intravenous Children’s Dosage: The recommended dosage schedule for 
children weighing 100 pounds or less is 2 mg./Ib. of body weight on the 
first day of treatment, administered in one or two infusions. Subsequent 
daily dosage is 1 to 2 mg./lb. of body weight given as one or two infusions, 
depending on the severity of the infection. For children over 100 pounds 
the usual adult dose should be used. (See “Warning” Section for Usage in 
Children.) 


General: The duration of infusion may vary with the dose (100 to 200 mg. 
per day), but is usually one to four hours. A recommended minimum infu- 
sion time for 100 mg. of a 0.5 mg./mi. solution is one hour. Desired con- 
centrations of the final solution should be 0.2 mg./ml. to 0.5 mg./ml. 
Concentrations below 0.1 mg./ml. or above 1.0 mg./ml. are not recom- 
mended. Therapy should be continued for at least 24-48 hours after symp- 
toms and fever have subsided. The therapeutic antibacterial serum activity 
will usually persist for 24 hours following recommended dosage. . 

Intravenous solutions should not be injected intramuscularly nor sub- 
cutaneously. Caution should be taken to avoid the inadvertent introduction 
of the intravenous solution into the adjacent soft tissue. 


More detailed professional information available on request. 


LABORATORIES DIVISION 


PFIZER INC. 














Klectrocoagulation of Bleeding in the 
Upper Part of the Gastrointestinal Tract 


A Preliminary Experimental Clinical Report 


Choichi Sugawa, MD; Michael Shier, MD; Charles E. Lucas, MD; Alexander J. Walt, MD 


Electrocoagulation of gastric or esophageal bleeding sites 
was evaluated in dogs using a flexible suction coagulator elec- 
trode passed through the endoscope using an electrocautery 
unit (Cameron-Miller model 80-7910). 

Acute and chronic coagulation studies in 25 dogs showed that 
electrocoagulation of both the esophageal and gastric mucosa 
was safe at an electrocautery unit setting of 5 for three to five 
seconds. This level of coagulation was successful in stopping 
bleeding created from actively bleeding esophageal and gastric 
mucosal defects by taking multiple large biopsy specimens. 
Based on these data, six patients with active bleeding gastric 
lesions have undergone mucosal coagulation. This successfully 
stopped the bleeding initially in all six patients; two patients re- 
bled and required operative intervention within 48 hours. Further 
clinical evaluation is being implemented to determine its clinical 
role in the treatment of bleeding in the upper part of the gastroin- 
testinal tract. 


he fiberoptic endoscope is a well-accepted diagnostic 
tool for rapid and easy identification of the site of 
bleeding in the upper part of the gastrointestinal tract. 
The active bleeding point can be seen in over 95% of the 
cases.’ In acute erosive gastritis, when the actively bleed- 
ing patients may be severely septic or grossly debilitated 
or have concomitant hepatic cirrhosis, general anesthesia 
and operations designed to produce hemostasia have a 
mortality in excess of 50%. In patients over the age of 60 
years, this mortality approaches 90%. The most promising 
technique developed thus far to obviate an operation has 
e been selective catheterization of the left gastric artery 
with the infusion of vasopressin injection (Pitressin) or 
autogenous (blood) clot. Selective catheterization, how- 
ever, requires special facilities and expertise that are not 
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widely available. While hemostasia has been achieved in 
about 62% of patients by major proponents of selective ar- 
terial infusion, many other workers have had consid- 
erably less success. 

Seeking a more direct and simpler method of stopping 
gastric hemorrhage in the seriously ill patient, we have 
explored the technique of direct cauterization of the bleed- 
ing area. The present study was designed to determine 
the safety and efficacy of direct hemostasia by deter- 
mining (1) the effects of electrocoagulation of varying in- 
tensities and duration on the gastric and esophageal mu- 
cosa of dogs, (2) the effectiveness of electrocoagulation in 
stopping active bleeding from biopsied areas in the canine 
esophageal and gastric mucosa, and (3) the results of these 
techniques in the control of active hemorrhage in the up- 
per part of the gastrointestinal tract in selected patients 
considered too ill for operation or in whom pharmacother- 
apy through a catheter inserted into the left gastric ar- 
tery was not feasible or not effective. 


EXPERIMENTAL METHODS AND MATERIALS 
Assessment of Effects of 
Electrocoagulation 


Twenty mongrel dogs, weighing 13 to 19 kg, were anesthetized 
with pentobarbital (Nembutal) prior to endoscopy with an esoph- 
agogastroduodenoscope (Olympus GIF type D). A flexible suction 
coagulation electrode (Cameron-Miller model 80-7051) was passed 
through the endoscope and held lightly against the esophageal or 
gastric mucosa under direct vision while a bipolar radiofrequency 
current was applied. An electrosurgical unit (Cameron-Miller 
model 80-7910) was used for all studies. A radiofrequency am- 
meter was inserted into the foot switch circuit to measure current, 
and a specially constructed timer, also inserted into the foot 
switch circuit, allowed accurate time-power applications. All coag- 
ulation was done with a flexible suction coagulation electrode 
(Cameron-Miller model 80-7051). 

Acute Experiments.—Multiple sites (10 to 40 per dog) of both the 
esophageal and gastric mucosa were coagulated for varying 
lengths of time (three to ten seconds) and at various settings on 
the coagulation unit (3 to 10) (Tables 1 and 2). A total of 240 sites 
in the gastric mucosa and 140 sites in the esophageal mucosa were 
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* Numbers in parentheses are near perforations or bleeding. 


coagulated. The mean maximal electric current used is shown in 
Tables 1 and 2. 

These acute preliminary studies showed that coagulation of the 
gastric mucosa for three or more seconds at a coagulation unit set- 
ting of 10 was associated with an unacceptable rate of gastric per- 
foration or bleeding. Similar complications were produced when 
the coagulation time was increased to ten seconds but the coag- 
ulation setting was reduced to 7. With a coagulation setting of 5 
for no more than five to seven seconds, however, the only compli- 
cation encountered in 40 lesions was a brief episode of moderate 
bleeding from one area. The esophagus proved more resistant to 
perforation or bleeding than the stomach and safely tolerated 
electrocoagulation for five to seven seconds at coagulation settings 
up to 7 (Table 1). 

Chronic Experiments.—In order to study the long-term effects of 
these currents on the healing process, a second group of ten dogs 
was anesthetized. Sixteen gastric mucosal sites were coagulated 
in each dog at dial settings of 3, 5, and 7 for seven seconds and at 
dial settings of 10 for three seconds. Similar techniques were ap- 
plied to the esophagus in eight sites. These animals were then ob- 
served by weekly endoscopy for six weeks. No perforations or 
bleeding occurred, and the ulcers that had been created healed in 
an average of three weeks. Although in the acute experiments 
tiny perforations had been noted, in 25% of the dogs in which a 
dial setting of 10 for three seconds was used, no dog showed symp- 
toms of perforation in the chronic group under identical condi- 
tions, leading to the assumption that spontaneous healing oc- 
curred in all cases. 

Histologic sections of gastric wall when varying coagulation 
settings were used showed coagulation necrosis of the mucosa, the 
muscularis mucosae, and the muscularis propria to different 
degrees (Table 3). 


Creation of Bleeding Sites 
and Efficacy of Coagulation 


After the destructive effects of the electrocoagulation had been 
quantitated, bleeding lesions were created in 20 dogs by taking 
four biopsy specimens of the stomach and three of the esophagus 
in each dog. These newly created bleeding lesions were washed 
with water through a vinyl tube attached to a water pick and the 
electrodes were then held lightly against the bleeding areas to 
produce hemostasia. In five dogs, superficial lesions were produced 
by the panendoscopic biopsy forceps; in another five, the lesions 
were moderately deep, having been created by a specially de- 
signed biopsy forceps; in the last ten dogs, bites of a depth to pro- 
duce vigorous sustained bleeding were made by a large biopsy for- 
ceps introduced through a rigid gastroscope. In all 20 dogs, the 
bleeding ceased after application of a coagulating current of 5 to 7 
applied for three to five seconds on one to three occasions. Imme- 
diate examination of the stomachs of five dogs in the latter group 
with deep lesions showed that the coagulated areas extended 
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Table 3.—Necrosis of Muscularis Propria 


* Applied for three seconds. 
t Incidence of necrosis in ten pathologic specimens. 











down to, but not through, the muscularis. The remaining 15 dogs 
were observed by serial endoscopy for six weeks and all showed 
healing within three weeks. 


Clinical Experience 


Based on the above experimental data, six severely ill patients 
with actively bleeding lesions in the stomach have had these coag- 
ulated. The intensity and duration of the electrocoagulation used 
was the same as in the experimental animals, namely an intensity 
of 5 to 7 for three to five seconds with one to three applications. 
The causes of bleeding in these six patients were Mallory-Weiss 
tear (one), gastric ulcer (one), acute erosive gastritis in the pres- 
ence of hepatic cirrhesis (two), acute erosive gastritis secondary to 
sepsis (one), and gastric polyps (one). Coagulation current success- 
fully stopped the bleeding initially in all six patients. 


REPORT OF CASES 


Case 1.—A 45-year-old severely alcoholic woman was admitted 
with hematemesis and hematochezia. Her blood pressure was 70 to 
40 mm Hg and her pulse rate was 140 beats per minute. Six units 
of whole blood were transfused before and during endoscopy. Pro- 
thrombin time was 16.3 seconds, with a control of 12.7 seconds, 
and the platelet count was 20,000/cu mm. A classic Mallory-Weiss 
tear was visible on endoscopy on the gastric side of the gastro- 
esophageal junction with blood pumping from two areas (Fig 1, 
A). Electrocoagulation produced immediate hemostasia (Fig 1, B 
through D). During the procedure, the patient aspirated a small 
amount of blood and required vigorous respiratory care, but re- 
covered rapidly. 

Case 2.—A 52-year-old man with a gunshot wound had an ex- 
ploratory laparotomy, closure of multiple holes in the small bowel, 
closure of a hole in the sigmoid colon, closure of multiple holes in 
the mesentery, excision of the terminal parts of the ileum and ce- ` 
cum, and establishment of a colonic ileostomy with a mucous fis- 
tula. The patient made an uneventful recovery, but developed he- 
matemesis on the 12th postoperative day. Four units of blood were 
given before endoscopy, which revealed a 3-cm benign gastric ul- 
cer on the upper portion of the lesser curvature. Electrocoagula- 
tion was applied to the vessel, which was bleeding extremely vig- 
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Fig 1, D 


Fig 2, A 





Fig 2, B 


Fig 1.—A, Mallory-Weiss tear with active bleeding from two sites (arrows). B, Before applying 
electric current. Electrode in place prior to cautery (arrow). C, Bleeding ceased immediately after 
cautery (arrow). D, No more bleeding five minutes after cautery (arrow). 


Fig 2.—A, Actively bleeding 3-cm gastric ulcer; note jet of blood (arrow). B, Bleeding ceased im- 
mediately after cautery of open artery (arrow). Lower arrow indicates electrode in position. 


orously (Fig 2, A). Bleeding stopped immediately (Fig 2, B), the 
blood pressure rose to 135/95 mm Hg from 80/0, and the patient’s 
condition improved markedly. The patient rebled 36 hours later 
and had an immediate subtotal gastrectomy from which he recov- 
ered uneventfully. It could not be ascertained whether or not the 
bleeding originated from the original site. 

Case 3.—A 35-year-old cirrhotic woman was admitted with as- 
cites, a serum bilirubin value of 6 mg/100 ml, and a swollen leg. 
*She had had three previous episodes of gastrointestinal tract 
bleeding and began to bleed massively again, requiring 5 units of 
blood in eight hours. Two deep and actively bleeding erosions were 
seen on gastroscopy. As the patient was considered to be too ill for 
laparotomy, electrocoagulation of the bleeding sites was done. 
Subsequent to this, a catheter was inserted into the superior mes- 
entesic artery and vasopressin injection was infused for two days 
as a prophylactic measure. The patient was discharged 40 days 
later. 

Case 4.—A 45-year-old man began to bleed again ten days after 
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mesocaval shunt for esophageal varices while he was receiving 
ventilatory support from a respirator. Multiple gastric erosions 
were seen on endoscopy, and endoscopic electrocautery of three 
bleeding points in the stomach was successfully performed on the 
13th postoperative day. 

Case 5.—A 29-year-old woman with gastric bleeding following a 
partial gastrectomy and Billroth II reconstruction done five years 
ago was admitted with bleeding polyps and a history of previous 
hematemesis. On endoscopy, bleeding was noted to be originating 
from the polyps, which were successfully electrocoagulated. 

Case 6.—A 29-year-old man involved in a car accident two days 
earlier had an exploratory laparotomy, splenectomy, right hemi- 
colectomy, and ileotransverse colostomy for blunt trauma. Subse- 
quently, an ileostomy and distal mucous fistula needed to be estab- 
lished and an intra-abdominal abscess was drained. Thirty days 
after admission, the patient was severely septic and began to 
bleed massively. Endoscopy showed moderate gastric erosions and 
superficial ulcers. Three days later, four separate sites were suc- 
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cessfully cauterized. The patient rebled after 24 hours and finally 


needed a total gastrectomy. At this operation, multiple bleeding 


sites with erosions and a very fragile mucosa were observed both 
in the cardioesophageal area and in the antrum. It seemed prob- 
able that bleeding had occurred from areas different from those 
initially coagulated. 


COMMENT 


Modern technology has made direct endoscopic identi- 
fication of bleeding gastric lesions feasible in over 95% of 
cases, either on the wards or intraoperatively.: Coag- 
ulation of the bleeding site under direct vision where ap- 
propriate is a natural extension of this new capability. Ex- 
periments in animals employing laser beams? and 
electrocoagulation** have been conducted and the clinical 
use of endoscopic electrocautery has been reported.*’ The 
availability of such techniques for those patients with gas- 
tric hemorrhage unresponsive to conventional noninvasive 
therapy may save lives, especially in the aged, in patients 
with serious liver disease, and in severely septic patients 
in whom drainage of pus has not been effective. 

The present study illustrates that the control of active 
hemorrhage by means of electrocoagulation is a safe and 
reliable method in the animal model and that the same 
technique may be tentatively extended to carefully se- 
lected patients. The range of safety is fairly generous, as 
long as a current setting not greater than 5 with a coag- 
ulation duration of not more than five seconds is used. 
Neither perforation nor bleeding from the gastric or 
esophageal mucosa occurred under these circumstances. It 
is essential, however, that certain precautions be taken 
and the principles underlying electrocoagulation, as ex- 
cellently outlined by Curtiss,* be understood. The intensity 
of current required for coagulation varies with the dry- 
ness of the area and needs to be higher where bleeding is 
very vigorous. Under these circumstances, with some re- 
luctance we have used coagulation settings of 7 for not 
more than five seconds. As the stomach tends to move, 
considerable caution must be used whenever these higher 





currents are employed. 

Intra-arterial infusion of vasoconstrictive drugs into 
the left gastric artery or direct intraluminal occlusion of 
this vessel has been successful in some patients. Unfortu- 
nately, these techniques are sometimes difficult to imple- 
ment, are frequently unsuccessful, are invasive in nature, 
and require meticulous monitoring over a number of days. 
In contrast, endoscopy is now an integral part of the in- 
vestigation of virtually all patients with gastrointestinal 
tract bleeding. The addition of direct cauterization of the 
offending lesion where this appears to lend itself to elec- 
trocoagulation is attractive in that it appears to be safe, 
rapid, and immediately productive of hemostasia. Some le- 
sions, such as deep gastric or duodenal ulcers, do not lend 
themselves to this technique. In contrast, the more super- 
ficial lesions of acute erosive gastritis and the Mallory- 
Weiss tear are eminently suitable for electrocoagulation. 
This technique may have special value in alcoholic pa- 
tients with cirrhosis, as patients with known esophageal 
varices bleed from lesions other than the varices in about 
50% of cases at a time when many are jaundiced and in 
some degree of hepatic failure. Attempts at general anes- 
thesia and laparotomy in these patients in this group 
carry a mortality of 59% to 92%.* Any simple technique 
that may stop the bleeding and enable the surgeon to buy 
time for recovery of hepatic function is invaluable. Fur- 
thermore, the potential risk of reduction of the hepatic 
blood flow as occurs when intra-arterial infusions of vaso- 
constrictive substances are infused is not present. 

No extravagent claims may be made for this technique 
of electrocoagulation at present. It is possible, however, 
that future application of more refined methods based on 
the same concept and perhaps using laser beams will find 
a well defined place in our armamentarium in selected 
cases of bleeding in the upper part of the gastrointestinal 
tract. 


This investigation was supported by the James and Lynelle Adden Fund 
and the Research Corp, Detroit General Hospital. 
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Discussion 


DANIEL ELLIOTT, MD, Pittsburgh: This has been a most inter- 
esting presentation of what looks like an innovative and generally 
progressive step in the treatment of a difficult clinical problem. 
This investigation has been based on careful laboratory investiga- 
tion, with particular attention to the kinds of current and the 
strength and time at which this can be delivered. 

We have recently presented the results with this difficult prob- 
lem in a five-year survey directed toward hemorrhagic erosive 
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gastritis, primarily stress ulcer bleeding. It is true that three 
quarters of the patients will respond to nonoperative measures 
with cool gastric lavage. However, one quarter will require an op- 
eration and the results are dismal. 

Our experience has been with 39 operations for erosive hemor- 
rhagic gastritis. Comparing those 24 patients having either Bill- 
roth I or Billroth II procedures for this disease to the 15 who had 
vagotomy and pyloroplasty, we found that in both instances the 
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mortality was approximately 40%. However, it is a retrospective 
survey, and of the 15 patients subjected to the lesser procedure, 
eight had positive blood cultures, seven were breathing with the 
help of respirators before bleeding occurred, and five were under- 
going renal dialysis for acute tubular necrosis. For these reasons, 
we thought our results actually were better by operation in the pa- 
tients having vagotomy and pyloroplasty. 

Since rebleeding is a real problem, an alternative to this kind of 
operation certainly would be most welcome. 

There is a precaution that I am sure has to be observed simply 
because this lesion is accompanied by diffuse gastritis and an anox- 
ic lesion in the stomach. In one patient, a deep ulcer was found in 
the resected specimen, perforating almost to the serosa. However, 
this was not the bleeding point. It was only one of the many ulcers 
in the specimen. Therefore, electrocoagulation would have to be 
undertaken, I am sure, with a certain amount of precaution. For a 
lesion such as this, the procedure has to be evaluated in terms of 
eventual mortality. 

The real problem here is rebleeding. If one simply opens the 
stomach at operation, ligates the bleeding point, and closes, the in- 
cidence of rebleeding is great and mortality is extremely high. I 
would suppose rebleeding, therefore, would be a problem after 
electrocoagulation as well, as you have seen in two cases. 

Vagotomy has a real role in that it acutely depresses blood sup- 
ply to the stomach by 40% in the experimental animal. I would 
think electrocoagulation, accompanied by heavy atropinization, 
might have a real rationale, and I would like to ask the authors if 
they have used that approach. 

FRED GILLETTE, MD, Grand Rapids, Mich: John Papp, MD, did a 
similar dog laboratory study with almost identical results to those 
reported today. Our clinical experience with this in patients is 
largely the result of this enthusiastic, zealous internist-endos- 
copist in our institution. He has performed electrocoagulation 29 
times on 28 patients. One third of the patients eventually went to 
surgery because of complications of their ulcer disease or rebleed- 
ing. 

There were two immediate failures at the time of electrocoagu- 
lation: one was in the Mallory-Weiss syndrome and the other was 
in a duodenal ulcer. There were four instances of rebleeding: two 
in duodenal ulcer, occurring two and six hours after the initial 
electrocoagulation, and two in gastric ulcerations, occurring six 
hours and eight days later. 

The list of lesions that Dr. Papp coagulated ranged from mar- 
ginal ulcer to esophageal ulcer, gastric varix, Mallory-Weiss syn- 
drome, gastric ulcer, and duodenal ulcer. 
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There are two very important points I would like to make. 
While this may be a useful tool in an emergency situation, it does 
not relieve the surgeon of a continuous and vigorous monitoring of 
the patient, because rebleeding is a very frequent occurrence in 
these patients. 

I would also make a plea for surgeons to become the primary 
endoscopist and, particularly for those of us who may not do en- 
doscopy, to work very closely with an internist who does. 

Dr. Watt: In closing, I really would like to pay tribute to Dr. 
Sugawa, who came to us about five years ago as a research associ- 
ate, and who has done what I think is excellent work. His skill has 
made a great difference to the surgeons in our department. 

I would also like to thank Fred Gillette for his remarks. It 
seems appropriate these days that we have Grand Rapids repre- 
sented when we want to bring a message from the central part of 
the country. 

Dr. Papp, to whom Dr. Gillette referred, has cauterized 29 pa- 
tients. At the time we began our work, we did not know Dr. Papp 
was working in this field. The problems we meet in our particular 
unit are the problems of the alcoholic patient, often jaundiced, 
often cirrhotic, and often bleeding from acute erosive gastritis. At 
least 50% of patients known to have esophageal varices are bleed- 
ing from the stomach, not the varices. This has posed serious 
problems. When we have operated on these patients, it is pre- 
dictable that the mortality of laparotomy would be 50% or more. 
So, seeking an easier way of approaching this problem with Dr. 
Sugawa’s expertise, it seemed that the direct way may be the best 
way. 

So far we only offer this preliminary report as a tentative type 
of exploratory effort to stop the gastrointestinal tract bleeding in 
this direct fashion. Some may have seen an article in JAMA 
(231:486, 1975) very recently on animal work using a laser beam. 
That too has great appeal, and we would also like to explore that 
technique. It may be possible sometime to look down the endo- 
scope, focus the laser, and seal the bleeding point. That would be a 
great advance, rather than operating on some of these patients 
who are so desperately ill. 

With respect to Dr. Elliott’s question, we have had occasion to 
cauterize one woman for bleeding polyps five years after gastrec- 
tomy and Billroth II reconstruction, as described in ease 5. 

Since submission of this article, we have successfully electro- 
coagulated five more patients with active gastric bleeding due to 
Mallory-Weiss tears in two, superficial ulcers in two, and gastric 
erosions in one. 
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In Vitro Evaluation of Inhibitors 
of Platelet Release and Aggregation 


J. C. Rosenberg, MD, PhD, Thomas L. Sell 


in order to determine which drugs would be most effective as 
inhibitors of platelet release and aggregation, in vitro release re- 
actions and platelet aggregometry were used to evaluate aspirin, 
dipyridamole, sulfinpyrazone, flurbiprofen, low molecular weight 
dextran (dextran 40), prostaglandin E, (PGE,), apyrase, and 
adenosine. Adenosine diphosphate-induced aggregation was 
most effectively inhibited by PGF,, sulfinpyrazone, and dipyrida- 
mole. The latter had to be used in large doses. Collagen and epi- 
nephrine-induced release and aggregation were inhibited by the 
same drugs as well as by aspirin and apyrase. Antithynocyte 
globulin (ATG)-induced release and aggregation could only be 
partially blocked by these agents. In vitro studies suggest that 
sulfinpyrazone is one of the most effective of platelet inhibitors 
currently available for clinical testing. 


pe aggregation and fibrin formation are the ma- 
jor in vivo components of thrombus formation (Fig 
1). In order to prevent thromboembolic phenomena and 
minimize the damage caused by occlusive vascular dis- 
eases, both platelet aggregation and fibrin formation 
should be controlled. Effective anticoagulants (heparin 
and the coumarin compounds) are clinically employed to 
inhibit fibrin formation. However, only recently has any 
effort been made to discover and utilize drugs with anti- 
platelet aggregating activity. This is not surprising in 
view of the fact that an appreciation and understanding 
of the contribution of platelets to hemostasis and throm- 
bosis has only gained prominence within the last decade or 
so.’ 

Platelets have multiple functions with respect to 
thrombus formation; platelet aggregation is one of the 
most important. In response to a variety of stimuli, plate- 
lets will adhere to surfaces and to each other (Fig 1). Their 
normal discoid configuration changes to a spheroidal one 
with many irregular protrusions (pseudopodia). These 
platelet aggregates can produce occlusive vascular lesions 
without the contribution of fibrin.’ 

Activated platelets may also secrete a variety of sub- 
stances in a process known as the platelet-release reac- 
tion. One of the secreted (or “released”) substances is 
adenosine diphosphate (ADP). The release of ADP in- 
creases the size of the platelet aggregate, since ADP is a 
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potent platelet-aggregating agent. In some instances, 
platelet aggregation may be produced by an agent or 
stimulus that induces the release reaction and thus liber- 
ates. ADP (Fig 1). Other platelet constituents that are 
secreted during the release reaction are serotonin (5-hy- 
droxytryptamine [5-HT]) and platelet factor 3 (PF-3). The 
latter is a lipid material involved in the elaboration of 
thrombin and thus the initiation of blood coagulation. 
Thrombin produces additional platelet aggregation and 
release as well as the formation of a fibrin network. The 
latter is laid down around and within the platelet aggre- 
gate and entraps other formed elements of blood to form 
the thrombus. 

The process of platelet aggregation can be studied in 
vitro by utilizing a device developed for this purpose, the 
platelet aggregometer. This instrument measures platelet 
aggregation by virtue of changes in the optical density of 
a platelet suspension when the platelets undergo aggrega- 
tion. Platelet release can be studied by measuring the con- 
centration of serotonin in the supernatant fluid of suspen- 
sions of platelets that have been previously labeled with 
radioactive serotonin. These two in vitro assays can be 
used to screen drugs that have been developed to inhibit 
platelet function. Ultimately, a clinical trial will be re- 
quired to truly evaluate the worth of such drugs. There 
are, however, only limited resources available for such 
studies, and one can select the most promising drugs from 
among those that are most effective in vitro. 


Fig 1.—A thrombus consists of two major components, platelet 
aggregates and fibrin. Platelet aggregation can occur in re- 
sponse to a variety of stimuli and should be inhibited along with 
fibrin formation if thrombosis is to be prevented. Adenosine 
diphosphate, ADP; platelet factor 3, PF =3; serotonin (5-hy- 
droxytryptamine), 5= HT. 
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MATERIALS AND METHODS 


Platelet aggregometry and the assay of the release of serotonin 
labeled with carbon 14, as performed in our laboratory, have been 
published in detail.** Aggregometry and release reactions were 
determined simultaneously using platelets obtained from normal 
human volunteers. Sodium citrate was used as anticoagulant. 
Platelet preparations from at least four different individuals were 
used to test each inhibiting agent. The effect of inhibitors was 
compared to phosphate-buffered saline controls and the percent 
inhibition was computed as 100 (control — inhibitor)/control. 
Statistical differences were determined using Student t test 
where t is equal to the mean difference between control and test 
values, divided by the standard error of the mean difference. 


Inhibitors 


Aspirin.—Aspirin inhibits the release reaction but does not 
inhibit ADP-induced aggregation.» A final concentration of 
50umol/ml was used. 

Sulfinpyrazone.—Sulfinpyrazone, a pyrazole analogue of phenyl- 
butazone, also inhibits the platelet-release reaction.’ A final con- 
centration of 2 mg/ml was used. 

Prostaglandin E,.—Prostaglandin E, (PGE,) is believed to inhibit 
aggregation by stimulating adenylate cyclase activity, thus in- 
creasing the concentration of adenosine 3’, 5’-cyclic monophos- 
phate (cyclic AMP) in platelets.* Cyclic AMP is a powerful inhib- 
itor of platelet aggregation. A final concentration of lugm/ml was 
used. 

Dipyridamole.—Dipyridamole, a pyrimido-pyrimidine compound 
that has vasodilator properties and has been used clinically to pre- 
vent platelet aggregation, was used in a final concentration of 500 
mg/ml. 

Flurbiprofen.—Flurbiprofen, a newly developed nonsteroidal 
anti-inflammatory compound has also been found to inhibit plate- 
let aggregation. A final concentration of 10ug/ml was used. 

Low Molecular Weight Dextran.—Low molecular weight dextran 
(dextran 40), which has been shown to possess antithrombotic 
properties when given in vivo, was used in concentrations of 0.2 
ml/ml. 

Apyrase.—Apyrase, an enzyme derived from potatoes, degrades 
ADP and adenosine triphosphate (ATP), was obtained commer- 
cially and used in a final concentration of 2.7 mg/ml. 

Adenosine.—Adenosine, one of the first platelet inhibitors dis- 
covered, was used in a final concentration of 2 micromolar. 

Inhibitors were added to 1 ml of platelet-rich plasma (PRP) con- 
taining 200,000 to 300,000 platelets per cubic millimeter. 

Adenosine diphosphate was used to induce aggregation at con- 
centrations of 2umol and 10umol. At the former dose, the release 
reaction does not occur. At 10umol, ADP produced platelet release 
in most, but not all, of the individuals tested. Collagen was used as 
a 0.1% suspension. Epinephrine was added to make a final concen- 
tration of 45umol of PRP. Thrombin was used in a final concentra- 
tion of 0.5 units/ml of PRP. 


RESULTS 


Platelet aggregation induced by 2umol ADP was sub- 
stantially inhibited by PGE,, dipyridamole, sulfinpyra- 
zone, and apyrase (Fig 2). 

Higher concentrations of ADP (10umol), which produced 
release as well as aggregation, were tested with sul- 
finpyazone, dipyridamole, flurbiprofen, and low molecular 
weight dextran. The latter drug was ineffective, but the 
three other drugs inhibited both aggregation and release. 
Platelet release was inhibited to a greater extent than ag- 
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gregation with no appreciable difference among the three 
drugs. 

Collagen-induced platelet release and aggregation were 
most effectively inhibited by sulfinpyrazone (Fig 3). Pros- 
taglandin E, and dipyridamole were as effective in block- 
ing platelet aggregation. Dipyridamole, however, did not 
inhibit the release reaction, whereas PGE, did. Aspirin no- 
ticeably inhibited the release reaction and aggregation. 
However, inhibition of aggregation by aspirin was less ef- 
fective than the inhibition produced by PGE,, dipyrida- 
mole, sulfinpyrazone, and apyrase. 

Epinephrine-induced aggregation was inhibited by the 
drugs in a manner strikingly similar to collagen (Fig 4). 
The platelet-release reaction in response to epinephrine 
could be blunted by all of the agents tested, with the ex- 
ception of low molecular weight dextran. 

Platelet aggregation resulting from exposure to throm- 
bin was difficult to study using PRP, because thrombin 
added to PRP also produced fibrin formation. When the 
latter was prevented by the addition to heparin, both fi- 
brin formation and platelet aggregation could be com- 
pletely prevented. Fibrin strands produced by thrombin 
in platelet-poor plasma produced no change in the ag- 
gregometer. However, in PRP, fibrin apparently caused 
aggregation of the platelets or by some other mecha- 
nism caused them to be removed from their uniformly sus- 
pended state. Prostaglandin E, was found to completely 
inhibit aggregation (99% + 1%) and block 53% + 22% of 
the release reaction (mean + standard error). However, 
PGE, could not prevent the aggregation of platelets, 
which occurred when fibrin was formed. In studies of the 
effect of PGE, on blood clotting, it was found that PGE, 
produced a slight but consistent prolongation of the acti- 
vated partial thromboplastin and thrombin times (two 
seconds greater than control). Adenosine, apyrase, and as- 


Fig 2.—Effect of inhibitors on platelet aggregation induced by 
2umol ADP. Asterisks, not Statistically significant. 
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Fig 3.—Effect of inhibitors on platelet 
release and aggregation induced by 0.1% 
suspension of collagen. Asterisks, not 
statistically significant. 
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Fig 4.—Effect of inhibitors on platelet 
release and aggregation induced by 
0.45umol epinephrine. Asterisks, not sta- 
tistically significant. 
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pirin were ineffective inhibitors of both release and aggre- 
gation induced by thrombin. 


COMMENT 


Inhibitors of platelet aggregation have been employed 
to prevent thromboembolic complications in the following 
clinical conditions: after placement of prosthetic heart 
valves’; after renal and cardiac transplantation‘; follow- 
ing insertion of arteriovenous prosthetic shunts for hemo- 
dialysis’; for recurrent episodes of peripheral, cerebral, 
and myocardial ischemic episodes*’"’; to prevent venous 
thrombi and pulmonary emboli”; during antilymphocyte 
globulin therapy.” In the latter instance, we have found 
that in vitro platelet aggregation and release result- 
ing from antiplatelet antibody in antithymocyte globulin 
(ATG) could be diminished by sulfinpyrazone, dipyrida- 
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mole, aspirin, and PGE, (Fig 5). These data will be pub- 
lished in greater detail elsewhere. 

Platelet aggregation is believed to be the single most 
important cause of arterial thrombosis, ie, thrombosis un- 
der conditions of rapid blood flow. In veins where flow is 
much slower, platelet aggregation may contribute to the 
growth of the thrombus. Heparin should be useful in 2 
blocking the effect of thrombin on platelets, but evidence 
for an antiplatelet effect of heparin and coumarin-type 
anticoagulants is equivocal. 

Dextran has been found to have a delayed affect on 
platelets. Bleeding time prolongation has been observed 
four to eight hours after infusing this material.’ The 
higher the molecular weight of the dextran and the 
greater the amount administered, the greater the plate- 
let-inhibiting effect that was observed. The fact that we 
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Fig 5.—Effect of inhibitors on platelet 
release and aggregation induced by anti- 
thymocyte globulin preparation with po- 
tent antiplatelet activity. Asterisks, not 
statistically significant. 


observed no significant inhibition with low molecular 
weight dextran may be related to the relatively short time 
that elapsed between addition of the low molecular weight 
dextran and the aggregating agents (three minutes). 

Adenosine was one of the first agents found to inhibit 
platelet aggregation. Its clinical usefulness is limited by 
its vasodilatory and hypotensive side-effects. 

Prostaglandin E, has limited potential as a clinically 
useful drug because of its rapid degradation and its need 
to be administered intravenously. However, in this and 
other studies, it has been shown to be one of the most ef- 
fective inhibitors of platelet aggregation. These observa- 
tions suggest that one should pursue the development of 
drugs that increase platelet cyclic AMP levels by either in- 
creasing adenylate cyclase activity or decreasing phospho- 
diesterase activity. The latter is responsible for the con- 
version of cyclic AMP to the inactive AMP. Dipyridamole 
may affect platelet aggregation by virtue of its inhibiting 
effect on phosphodiesterase activity.’ 

The concentration of dipyridamole used in these experi- 
ments was much greater than can be attained in plasma." 
In order to extrapolate in vitro data to clinical situations, 
comparable concentrations should be used. Thus, we can 
only surmise from our experiments that it would be 
worthwhile to continue to develop more potent drugs that 
have activity similar to that of dipyridamole. 

Among the drugs we studied, the anti-inflammatory 
agents, sulfinpyrazone, aspirin, and flurbiprofen, were the 
most effective platelet inhibitors. Of these three, sulfinpy- 
razone was the most potent. This drug has also been found 
to be of benefit in clinical trials.’ We believe that sulfinpy- 
razone deserves wider study and clinical testing and that it 
may be the current drug of choice as a platelet inhibitor. 
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Nonproprietary Names and Trademarks of Drugs 


Dextran 4.—Gentran 40, LMD, Rheoma crodex, Rheotran. 
Sulfinpyrazone.—Anturane. 
Dipyridamole.—Persantine. 
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oa The leukocyte aggregation test (LAT) detects the in vitro adhe- 
ee sion of sensitized, but not nonimmune, recipient leukocytes onto 
be donor kidney cell monolayers. The test specifically detects cell- 
mediated homograft immunity up to 15 days prior to the appear- 
ance of clinical signs or alteration of chemical indexes. The 
= presence of a positive reaction always signified incipient homo- 
_ graft rejection, which was usually controlled by intravenously 
administered, high-dose methylprednisolone sodium succinate 
__ (Solu-Medrol) therapy. There was no instance in which methyl- 
= prednisolone treatment effectively reversed rejection in the pres- 
ence of a negative leukocyte aggregation test. One common 
form of homograft rejection may be characterized by positive 
= LAT results, a cellular infiltrate on the renal biopsy specimen, 
-~ and sensitivity to methylprednisolone therapy. 


rn spite of increasing interest in the antigenic 
facters (HL-A,’ mixed lymphocyte culture [MLC], 
_lymphocyte-dependent antigens [LD], antibody-mediated 
p cell-dependent immune lympholysis [ABCIL]') that may 
incite transplant rejection, there has been little improve- 
. ment in the overall survival of cadaveric renal homo- 
i grafts.* The development of sophisticated tools for preop- 
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_ The Leukocyte Aggregation Test 


Te codis nostic Applications and Immunotherapeutic 
_ Implications for Clinical Renal Transplantation 


ve Barry D. Kahan, PhD, MD; Frank Krumlovsky, MD; Peter Ivanovitch, MD; 
= James Greenwald, MD; Casmir Firlit, MD, PhD; John Bergan, MD; Baldwin H. Tom, PhD 


erative tissue matching, and methods of predicting and 
aborting specific immune responsiveness, remain long- 
term objectives of transplantation research. Techniques 
applicable to diagnose rejection and to select specific 
treatment for the immunologic vector producing the reac- 
tion in any given case are more immediate goals. At the 
present time, the diagnosis of rejection depends on the 
presence of a relatively nonspecific constellation of clinical 
signs and chemical findings.*’ Recent attempts to employ 
serial measurements of urinary f-galactosidase,* ly- 
sozyme,’ or fibrin degradation products'”'! have demon- 
strated an inconstant association with homograft rejec- 
tion. They have also demonstrated elevations precipitated 
by other factors, such as infections and urinary obstruc- 
tion. In any case, tissue damage as reflected by these 
methods is the last step in the sequence of immunologic 
events producing rejection. This sequence includes the fol- 
lowing: antigen recognition; central lymph node activa- 
tion; differentiation; proliferation; humoral antibody syn- 
thesis; killer lymphocyte generation; activated cell release 
into the circulation; peripheral recognition of foreign tis- 
sue; contact of committed cells or antibody with targets, 
or both; release of mediators amplifying the response; 
damage to graft cells. The earlier in this sequence that 
one can obtain an index of immune activation, the more 
likely it will be to reverse homograft rejection. 

Two indexes that nonspecifically reflect immune activa- 
tion are a fall in serum complement levels’ and a rise in 
spontaneous DNA synthesis by leukocytes, which 
Barnes et al’ found to be triggered by any infective epi- 
sode, particularly of viral origin. Evaluation of the homo- 
graft reaction should more properly focus on the specific 
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Leukocyte aggregation test results. Left, Immune leukocytes form characteristic aggregates of cells when reacted on targets bearing 
donor-specific antigens. Right, In a negative reaction, leukocytes are dispersed over target cells and form infrequent aggregates. 


humoral, or cellular, host response toward donor trans- 
plantation antigens. It is possible to demonstrate cutane- 
ous delayed-type hypersensitivity toward donor, but not 
third-party, soluble transplantation antigens in sensitized 
patients. Nevertheless, rapid in vitro systems are cer- 
tainly of greater utility for the management of patients. 
In vitro techniques employed to assess cellular immune 
reactions have received wide attention. In animal model 
systems, homograft rejection, particularly of the first 
transplant, is believed to be mediated by this vector. This 
e belief is based on the following: the timing of the reaction; 
the protection afforded to grafts by enclosure in cell-im- 
permeable chambers; the transfer of immunity in virgin 
hosts and reconstitution of tolerant animals by lymphoid 
cells, but not by sera; and the evocation of a delayed-type 
(tuberculin) skin reaction on challenge with donor cells. 
(For review, see Lawrence.) The most direct means of as- 
sessing effector cell performance in vitro is the lympho- 
cyte-mediated renal cytolysis test described by Wolf et 
al. Although this method is useful for retrospective anal- 
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yses of homograft immunity, it cannot provide a prospec- 
tive diagnosis of rejection while the transplant is in place. ! 
A second immune performance system detects the release 
of lymphokines, such as migration inhibition factor * 
(MIF). When activated cells contact the stimulating . 
antigen on admixture with donor cells in vitro, they re- | 
lease MIF, which blocks the emigration of responsive k 


macrophages and leukocytes from capillary tubes. In some 
cases, the MIF assay can predict homograft rejection a 
few days prior to rejection. However, the test suffers from 
a number of technical disadvantages, including the rela- 
tive insensitivity of the detection limits and the diffi- 
culties of quantitating the effect. Specific lymphocyte pro- 
liferation, as detected in one-way culture reactions, 
wherein host peripheral lymphocytes are stimulated with 
mitomycin-poisoned donor cells, has been described by 
Miller et al.” However, it appears to be of limited utility 
as an immunodiagnostic method. 

The leukocyte aggregation test (LAT) was designed to 
provide a rapid, flexible, and sensitive technique for de- 
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+ ~ tecting the presence of circulating cells capable of recog- 
8 nizing donor alloantigens. The test is based on the adhe- 
= sion of sensitized, but not of normal, recipient peripheral 
% E blood leukocytes onto donor kidney cell monolayers. Previ- 
_ ous work demonstrated that this method detected homo- 
E Sraft immunity up to 15 days prior to the apperance of 
=- Clinical signs and chemical indexes of rejection.” Further, 
a the method differentiates rejection from other, non-cell- 
mediated causes of homograft failure. The present com- 
munication analyzes the results of LATs in 64 patients 
1 who underwent allotransplantations. It suggests that in 
addition to the diagnostic utility of the method, it may 
ente the patient’s response to bolus methylprednisolone 

_ sodium succinate (Solu-Medrol) therapy. 


4 SUBJECTS AND METHODS 
ie Subjects 


The patients described herein were among those undergoing liv- 
E. Eii reinted (22 patients) or cadaveric (42 patients) donor homo- 
- grafting at this medical center. Each homograft is indicated by a 
-code number. The base-line immunosuppressive regimen included 
azathioprine (loading dose of 5 mg/kg tapered to 3 mg/kg, and ad- 
_ justed according to tolerance) and prednisone (1.5 mg/kg and ta- 
ia pered thereafter to a dosage of 40 mg daily at one month, and 15 
__ mg daily at one year). The evaluation of homograft rejection was 
based on clinical criteria of weight gain, fever, oliguria, hyperten- 
a MM ‘sion, graft swelling, and tenderness. Homograft rejection was 
~ also evaluated by the chemical indexes of rising serum creatinine 
-~ and blood urea nitrogen (BUN) values, falling creatinine clear- 
A _ ance and urinary sodium values, proteinuria, and an hippurate 
= renogram showing parenchymal stasis. Decisions to initiate treat- 
_ ment were made by the clinical service, independent of the results 
of the LAT. When rejection was determined, the base-line treat- 
ment was supplemented with three daily bolus dosages of 1 gm of 
methylprednisolone and 150 rads of local external radiation to the 
_ graft. This course was repeated after a rest day if there was no 

= improvement in renal function. 


Leukocyte Aggregation Test (LAT) 


| 


~ The LAT was performed twice weekly following homografting. 
a A 1x0.5x0.5-cm biopsy specimen of the homograft was taken at 
the time of transplantation. It was processed within 24 hours by 
- mincing, and then by treatment with 0.25% trypsin in minimum 
= essential medium (MEM). The cells were then seeded into 75-sq 
eg em plastic flasks in MEM, supplemented with 10% fetal calf se- 
~ rum, and incubated at 37 C in 5% carbon dioxide (CO,) in humid- 
= ified air. Within four days after initiation, some cultures were 
m = able to be split and set up for the test. Generally, up to eight tissue 
_ Culture passages could be obtained from each culture. The life- 
~ time of the kidney cell strain could be indefinitely prolonged by 
freezing aliquots at —196 C in 10% dimethylsulfoxide plus 20% fe- 

tal calf serum. 
y The details of the LAT have been previously described in de- 
tail. In preparation for a test, 8,000 kidney cells that had been 
= trypsinized from a stock flask were seeded into a well of a micro- 
hae titer plate. Each plate contained renal target cells, not only from 
A the homograft donor, but also from a variety of other individuals, 
the latter serving as specificity controls. After an 8- to 48-hour in- 
_ cubation of the culture for the cells to attach, two peripheral blood 
| aliquots were obtained from the recipient. One aliquot was al- 
~. lowed to clot and provided a serum sample. The second aliquot, 
~ which had been collected in heparin, was then sedimented in a 10% 
P special gelatin solution (Plasmagel). This resulted in a leukocyte- 
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rich plasma preparation. The trays were loaded with 400,000 leu- 
kocytes per well (50 effectors per target), and incubated for an ad- 
ditional five hours at 37 C in 5% CO, in humidified air. At the end of 
this period, the trays were rinsed three times and examined under 
inverted bright field microscopy. The degree of aggregation was 
assessed according to the degree of aggregate formation, ex- 
pressed as the percentage of involvement of the entire monolayer, 
as previously described.” 


Sensitivity to Immunosuppressive Agents 


The sensitivity of the LAT reaction to the addition of drugs in 
vitro was assessed with two types of experimental protocols. The 
chemotherapeutic agents (methylprednisolone, prednisolone, hy- 
drocortisone, and azathioprine) were added to wells containing 
targets and leukocytes at concentrations estimated to equal or ex- 
ceed the maximum circulating levels during therapy. These con- 
centrations were 20ug, 1.8ug, 9ug, and 5ug per well, respectively. 
The drugs were incubated with normal and immune leukocytes, or 
with renal cells alone. Under microscopic examination, the drugs 
did not alter cellular permeability to trypan blue. The test with 
antithymocyte globulin (ATG), (Upjohn Co., lot 16, 138-9) contain- 
ing 50 mg protein per milliliter, was performed by adding 0.1 mg 
antiserum to 1X 10° cells contained in an 0.8-m! volume. After 
mixing, 0.1 ml of undiluted rabbit complement was added. The 
tubes were shaken and incubated at 37 C for 30 minutes. Follow- 
ing two washes with MEM 10, the cells were transferred into the 
microtiter wells. 


RESULTS 
The LAT Reaction 


After a five-hour incubation, the rinsed kidney mono- 
layer showed a dispersed pattern of nonimmune leuko- 
cytes. On the other hand, immune leukocytes formed ag- 
gregates clustered on the targets. The LAT scores are 
based on the uniformity of the involvement of the mono- 
layer (the percentage of microscopic fields with aggre- 
gates), rather than on the number of cells present in each 
cluster. The percentage of microscopic fields with aggre- 
gates is believed to represent the frequency of responding 
T-lymphocytes. This is opposed to the number of cells 
present in each cluster, which may reflect the quantitative 
amounts or the degree of leukocyte responsiveness to 
lymphokines released by each recognizing cell. Progres- 
sion of homograft reactions correlates best with greater 
uniformity of involvement of the monolayer. This presum- 
ably reflects increased percentages of circulating cells 
that are reactive toward donor transplantation antigens 
(Figure). 


LAT Reactions Following Transplant Nephrectomy 


Thirteen patients who had undergone homograft re- 
moval and had not received multiple blood transfusions 
were tested from 1 to 244 weeks after nephrectomy, as 
noted in Table 1. Table 1 also illustrates the strength of 
reactions, expressed as percentage of the monolayer dis- 
playing aggregates. The instances in which the test was 
performed on donor cells are listed on the table, under the 
“Strength of Reactions” column. Percentages signify ag- 
gregation on various kidney monolayers. In all instances, 
the LAT revealed residual cell-mediated immunity against 
either the donor’s own kidney cells or kidney cells from 
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Weeks No.* Reactions, % Effect of Serum 
1 215 (Donor) 50,0 Increased aggregation 
8 181 (Donor) 87,71,0 Not done 
15 195 (Donor) 50,0 Increased aggregation 
16 164 100,50,0 Not done 
17 169 (Donor) 20, 0 Not done 
21 190 (Donor) 50,0 No effect 
24 188 100, (Donor) 78, Increased aggregation 
° 50, 25, 0 
26 158 75,0 Not done 
29 156 (Donor) 50,0 Increased aggregation 
37 164 100, 50,0,0 Not done 
40 172 50,0 No effect 
72 166 50, 50,0,0,0 No effect 
139 146 50, 25, 25,0 Increased aggregation 






55 25,0,0 No effect 





* Homograft number in Northwestern University series. Patient 164 
tested twice. 


Table 2.—LAT Results in Rejection Phenomena 


No. of LAT Reversal 
Classification Homografts Results of Rejection 
No rejection 25 Negative ais 
Hyperacute 2 Negative 0/2 
Accelerated 9 4 positive 4/4 
5 negative 0/5 
Acute 21 17 positive 11/14* 
4 negative 0/4 
Chronic 6 2 positive 2/2 
4 negative 0/4 





* Because of three grafts abandoned due to sepsis, only 14 of the 
17 positive cases were treated with methylprednisolone. 


Table 3.—Prediction of Rejection and Response 
on Treatment With Methylprednisolone 


Reversal of 
Rejection 

No 

No 

Yes 

Abandoned 


Days Prior 


Yes 
Abandoned 
Yes 
Yes 





* Miagnosed by appearance of clinical and chemical signs. 

t Homograft number in Northwestern University series. 

t Day on which initial test was performed and it was positive. 
§ First rejection episode. 

|| Second rejection episode. 
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some, but not all, other individuals. In five of nine in- 
stances in which the strength of reaction was examined, it 
was synergetically increased by serum. The effects of se- 
rum in enhancing the results of the LAT demand that 
tests be performed both in the presence and absence of se- 
rum. 


LAT Results in Homograft Rejection Phenomena 


Of the tests performed on the patients who received 63 
homografts. The reactions of a group of 25 patients who 
underwent homografts were negative. Twelve of these pa- 


tients had altered renal function that proved to be due not 
to rejection. In five of these 12 patients, rejection was due 
to surgical complications of ureteric or vesicle fistulas. In 


four patients, rejection was attributed to postoperative 
acute tubularnecrosis, in two patients to salt depletion, 
and in one patient to recurrence of original disease (Table 
2). 

Homograft rejections have been classified according to 
their time of onset after transplantation: hyperacute re- 
jections, occurring within 48 hours; accelerated, within 
five to seven days; acute, within 8 to 30 days; and chronic, 
at over 60 days.™ Among the rejection instances examined 
here, the LAT result seemed to correlate with the re- 
sponse of the patient to bolus therapy with methylpred- 
nisolone and local radiation, rather than with the timing 
of the reaction. In two cases of hyperacute rejection, the 
test results were consistently negative, and administra- 
tion of bolus therapy was without benefit. The outcome in 
nine cases of accelerated rejection matched the LAT re- 
sult: five patients with negative LAT results did not re- 
spond to intensified immunosuppressive therapy, and four 
patients with positive LAT results did respond. In each of 
the four patients, the initial test was performed on the 
fourth day after transplantation and it forecast the im- 
mune reactivity. Of interest was the fact that only two of 
the nine transplants that displayed accelerated rejection 
were second grafts. 

There were 21 instances in which rejection occurred 8 to 
30 days after transplantation. Table 3 illustrates the pre- 
diction of rejection and response to methylprednisolone in 
patients with positive LAT results. In 16 instances, the 
LAT results were positive 2 to 15 days prior to chemical or 
clinical evidences of rejection. The prediction of rejection, 


as noted in the table, represents the number of days prior 
to the appearance of the clinical and chemical signs that 


the LAT results were positive. The table also indicates in 
which instances there appeared a reversal of rejection 
following treatment with methylprednisolone. In three in- 
stances, the kidneys were lost due to withdrawal of immu- 
nosuppressive therapy because of sepsis or of drug-in- 
duced toxicity. In 11 of the 14 remaining examples, renal 
function recovered following treatment with methylpred- 
nisolone and local radiation. On the other hand, none of 
the four patients showing acute homograft rejection with 
negative LAT results responded, and all grafts were lost. 
On pathological examination, these kidneys did not show a 
cellular infiltrate. In some instances, the possibility that 
rejection was mediated by antibody moieties was sup- 
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ported by the riais of immunofluorescence staining. 

Among the six patients tested at 50 days or more after 

_ transplantation, the two who displayed positive LAT re- 
3 sults both responded to the administration of methyl- 

_ prednisolone. The other four patients were not benefited 
= by the treatment, and lost their kidneys. 


he Sensitivity of the LAT to Immunosuppressive Agents 


Bs Immunosuppressive drugs were added to in vitro mix- 

ee tures of immune leukocytes and target cells in the LAT. 

zA The effects of these agents on the activity of the sensi- 

tized lymphocytes of two patients are summarized in 

_ Table 4. The patient dose, as cited in the table, represents 

_ the maximum dose administered to the patient on any 

E given day. The in vitro culture doses were determined by 

_ estimating the theoretical exposure of each drug to leuko- 

at i cytes. The greatest inhibition of LAT was observed with 

E methylprednisolone and with ATG. (In the instance of 

= ATG, leukocytes were treated with ATG and rabbit com- 

plement. They were then washed and added to the test 

D wells.) Only modest changes were observed with hydro- 

= cortisone, prednisolone, and azathioprine. In three pa- 

_ tients with positive LAT results, the reactivity was oblit- 

a erated if their peripheral leukocytes were tested within 

_ six hours after the infusion of a bolus dose of methyl- 

p _ prednisolone. These findings further enforce the apparent 

_ Cdinical correlation of the efficacy of methylprednisolone in 

-~ cases where the LAT results are positive, and the experi- 

_ ments showing inhibition following direct addition to re- 
-action wells in vitro. 


N 


w 
$. 


COMMENT 


Renal homograft rejection may be due to cellular immu- 
_ nity in some cases. Monocytes and macrophages, K- 
~ lymphocytes (in concert with antibody),’’ and T-lympho- 
x cytes could all potentially mediate target cell death, and 
a each can be tested in specific in vitro systems. The situ- 
e ation is further complicated by the possibility that the 
_ functional assays for at least one group, namely T- lym- 
= phocytes (leukocyte aggregation, release of lymphokines, 
_ cell-mediated cytolysis, and blast transformation), may 
p represent the activities of different subpopulations. The 
~ application of the LAT as an index of T- lymphocyte func- 
__ tion was based on the observations that it is a rapid assay 
R (performed within five hours) with demonstrated specific- 
___ ity for the donor, but not for some third party or for “self” 
= targets, and that it is insensitive to the administration of 
base-line immunosuppressive agents that are known to in- 
i terfere with cytolytic and proliferative assays. The test 
= detects the adhesion of peripheral blood leukocytes to re- 
_ nal cells cultured in vitro. It thus reflects the cellular im- 
~ mume recognition of foreign alloantigens by sensitized T- 
g A _ lymphocytes, and resultant beckoning, presumably by the 
= release of lymphokines,?*° of immunologically incompe- 
= tent elements to the reaction site.*° As such, the LAT may 
= represent an in vitro counterpart of the in vivo reaction.” 
~. Three Australian groups have described adherence as- 
-says that may depend on a phenomenon similar to that ob- 
= served in the LAT. Nicholls” found that addition of the 









Table 4.—Effect of Immunosuppressive Drugs on 
Leukocyte Aggregation 


Equivalent § % Inhibition’ 
Calculated Patient 


Dose per Well per 9——*——_ 
400,000 WBC 


Maximum 
Single 
Patient Dose 


Drug 
Treatment 
None 
Antithymocyte 
globulin 


Methylpredni- 
solone 1 gm 


Prednisolone 1.5 mg/kg 
Hydrocortisone 6 mg/kgt 
Azathioprine 5 mg/kg 


10 mg/kg 


2.0 mg 


* The percentages represent average of duplicate wells. 

t Immunosuppressive protocol at Northwestern does not include 
hydrocortisone. This dosage was calculated on the basis of drug 
dose equivalence. 


soluble antigen tuberculin to whole blood obtained from 
patients sensitized against mycobacteria resulted in mac- 
roscopic aggregation of leukocytes. Halliday and Miller” 
described a technique that has been modified by Holt et 
al** as the microleukocyte adherence method. After incu- 
bation of separated immune leukocytes with tuberculin 
for two hours in microtiter dishes, there is inhibition of 
the usual adherence of the leukocytes to the well’s surface. 
Inhibition of adherence could also be produced by treat- 
ment of nonimmune cells with a lymphokine, leukocyte- 
adherence inhibition factor, which was presumably re- 
leased by sensitized T-lymphocytes following contact with 
the corresponding antigen. These systems may be appli- 
cable to the detection of emerging immunity in human 
transplantation. Further, one might modify the LAT by 
incubating leukocytes with soluble donor alloantigens,” 
rather than with tissue culture monolayers, and then ob- 
serve for alteration of normal cellular adherence. The 
availability of standardized, soluble antigenic reagents 
might afford tools that could be employed for routine de- 
terminations. Such an approach might accelerate the 
chemical and immunological definition of the antigenic 
determinants mediating T-lymphocyte activation in hu- 
man renal transplantation. 

The results presented herein reveal the usefulness of 
the LAT as a diagnostic method of distinguishing homo- 
graft rejection from other causes of altered renal func- 
tion. The presence of circulating cells reactive in the LAT 
correlated with the subsequent development of rejection. 
It may be that the cells mediating the LAT are necessary 
and sufficient for rejection, which ensues when their num- 
bers become sufficiently great. These mediating cells may 
also be necessary concomitants of other immune elements 
that actually mediate rejection, or be the incidental prod- 
ucts of the reaction. From an operational standpoint, the 
presence of positive LAT results always signified incipient 
rejection that was usually controlled by intravenous high- 
dose methylprednisolone therapy. The apparent clinical 
correlate was experimentally confirmed by the inhibition 
of the LAT when adding methylprednisolone directly tp 
the wells during the performance of the in vitro test. The 
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LAT was also inhibited when the assay was performed 
within six hours after a bolus dose. Methylprednisolone 
thus-appears to be an effective agent to disrupt the effec- 
tor phase of cellular homograft immunity in man. It is un- 
certain whether this action is due to (1) a dispersion of im- 
mune cells from the blood stream into host tissues; (2) a 
lysis of lymphoid elements participating in rejection; (3) a 
direct action on the generation of immunocompetent cells 
in lymph nodes; (4) stabilization of target cell membranes 
in the face of attack; (5) inhibition of leukocyte metabo- 
lism; or (6) a local antiinflammatory effect.” One might 
hope that the LAT could afford an in vitro test system 
to search for synthetic steroid compounds with greater 
specificity for the effector immunologic functions medi- 
ating homograft rejection. For example, 6-chloro-17a- 
hydroxypregna-1,4,6-triene-3,20-dione (CHP) appears to 
disrupt the elicitation of delayed-type hypersensitivity, 
without affecting 7S and 19S antibody formation? or de- 
creasing resistance toward Moloney sarcoma virus-in- 
duced tumors." 

Signs of altered graft function in the face of negative 
LAT results present a more difficult situation, since it is 
possible that there is no rejection, or that the rejection is 
of a humoral form. There is also a possibility that there 
exists a cellular reaction not detected by the LAT, or a 
low-grade cell response that is destined to reverse without 
therapy. Since there was no instance wherein methyl- 
prednisolone therapy effectively reversed rejection in the 
presence of negative LAT results and impaired renal 
function, the pragmatic principle of restricting bolus 
treatment to patients displaying positive reactions seems 
warranted. A similar conclusion concerning the indica- 
tions for methylprednisolone therapy in chronic rejection 
was reached by Wilson et al. The only patients who 
responded to bolus therapy were those whose kidney bi- 
opsies revealed a cellular infiltrate. The importance of 
restricting this therapy to situations likely to benefit from 
it is widely recognized, because of the association of seri- 
ous infections with repeated doses, the adverse effects of 
the drug on the kidney, the expense, and the potential 
hazard of a misdiagnosis or a delay in detecting the actual 
cause of altered renal function. Thus, the LAT appears to 
have not only diagnostic, but also therapeutic implications 
for the treatment of renal homograft rejection in man. 


This investigation was supported by grants in aid from the National In- 
stitutes of Health (RO-1-CA14694 and R26CA15434), the American Cancer 
Society (IM-64), the Chicago and Illinois Heart Association, the Veterans 
Administration (MRIS-4819), the General Clinic Research Centers Pro- 
gram of the Division of Research Resources (grant RR-48), National Insti- 
tutes of Health, and the Northwestern University Transplantation Re- 
a search fund. 


Nonproprietary Names and Trademarks of Drugs 


Azathioprine—Imuran. 
Mitomycin—Mitocin-C, Mutamycin. 
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Discussion 


JEREMIAH G. TurRcoTTE, MD, Ann Arbor, Mich: In the past, a 
number of tests designed to predict the onset of rejection have 


been discussed. The test described today seems to be the most ra- 


tional, and has more complete correlation with the onset of rejec- 
tion than those previously proposed. 
The clinical significance of having such a test available is quite 


_ obvious. There are a number of reasons that transplanted kidneys 


will lose function, such as pyelonephritis, arterial stenosis, and so 
on. Therefore, it is very important to know if creatinine rise is due 


to rejection or some other cause. 


Much, if not most, of the morbidity and mortality associated 


= with transplantation is due to overzealous use of immuno- 


suppressants, especially corticosteroids. In recent years the one- 
year mortality for patients receiving cadaveric grafts has been 
reduced. In 1965, one-year mortality was about 50%; it is now 
about 15% in well-established programs. Much of this improve- 
ment is due to reduction or more rational use of immuno- 
suppressants. The availability of such a test as described today 
would make our therapy even more rational, and allow us to fur- 
ther reduce morbidity. Are the authors confident enough of the re- 
sults that they would prophylactically treat rejection on the basis 
of their tests before the onset of any clinical evidence of rejection? 
This, at least in theory, should make the treatment of rejection 


= more efficacious. 


There is also potential for this test to better select compatible 


ik donor-recipient pairs. Dr. Kahan alluded to this when he talked 


about patients receiving second transplants. It might be of inter- 


est to know that within the past 12 months, it has become increas- 


ingly apparent that histocompatibility testing in the field of ca- 
daveric transplantation is very important. For instance, if we 
select a favorable group of patients, that is, those with two or less 
HL-A mismatches and with few cytotoxic antibodies, the three- 
year transplant survival for cadaveric grafts is 65%. If we can 
improve our results in all patients to this extent, certainly trans- 
plantation will be firmly established as a worthwhile therapeutic 
endeavor. 

JERRY C. ROSENBERG, MD, Detroit: Despite the sophistication 
with which transplantation is approached, we still have no immu- 
nologically oriented test for rejection. We diagnose rejection clini- 


' cally by measuring creatinine. As Dr. Turcotte mentioned, al- 
_ though there have been many tests devised, none is better than 


the serum creatinine determination. 

The test presented by Dr. Kahan is not easy to perform. How 
difficult is it to keep these kidney cell lines going? Do you have any 
trouble keeping them in tissue culture? Have you compared the 
sensitivity of your assay procedure to the cytotoxicity test for cell- 
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mediated immunity? Have you compared it to the spontaneous 
blastogenesis assay as a means of diagnosing rejection? 

I think the points raised with regard to cell-mediated and hu- 
moral rejection are very important. There have been a lot of mis- 
conceptions about cell-mediated immunity in transplantation. It 
was once thought that cellular mechanisms were the most impor- 
tant factor in rejection. I think we have learned that humoral fac- 
tors are equally important. 

Dr. KAHAN: In reference to Dr. Turcotte’s question of prophy- 
lactic treatment of patients before clinical evidences of rejection, 
we are attempting to get a large enough series of patients. We 
have 73 patients in our series so far. I suppose that when we be- 
lieve we have reached a high enough number of patients to test all 
the different types of variables, we will then initiate a true study 
using the aggregation assay as an index for prophylactic therapy. 

Concerning the selection of the compatible donor-recipient pairs, 
the only instances in which we have been able to do this have been 
living-related cases, because of the limitations of initiating tissue 
cultures. In those instances, we have set up fibroblast tissue cul- 
tures and checked for cellular immunity by potential recipients 
against those donors. There are too few cases to discuss those re- 
sults at length. 

In terms of immunologically oriented tests for rejection, we 
hope ours is one step in that direction. Obviously, tissue culture fa- 
cilities are not now generally available in transplant centers in 
terms of the problems of performance of the assay. There have 
been some appreciable advances that I learned on sabbatical in 
Australia, utilizing soluble antigens together with peripheral 
blood leukocytes. There now exists the possibility of reacting sol- 
uble antigens prepared directly from donors with leukocytes, and 
thus obviating the requirement for tissue culture lines. 

The question of the relationship of the leukocyte aggregation 
assay to other assays of T-lymphocyte function, such as cytotoxic- 
ity and spontaneous blastogenesis, was raised by Dr. Rosenberg. 
Both of those assays are sensitive to base-line prednisone admin- 
istration, and therefore they have not proven to be useful for the 
prediction of rejection. We have used them as part of an initial 
battery in six cases, and have found an occasional case in which 
we can detect cytotoxic cells in the peripheral blood. 

Part of the importance of our recognition of the humoral vector 
in transplant rejection is due to the fact that the drugs we use in 
everyday transplant care are primarily directed toward cell-me- 
diated immunity, namely, azathioprine, methylprednisolone, and 
prednisone. I would offer to the group the possibility that research 
should be done on the development of immunosuppressive agents 
specifically directed toward the humoral arm of host immunity. 
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Rectal Myectomy in Hirschsprung Disease 


A Decade of Experience 


Hugh B. Lynn, MD, Jonathan A. van Heerden, MB, ChB (Cape Town), FRCS (C) 


Short-segment aganglionosis is becoming more frequently 
recognized in view of more sophisticated diagnostic techniques, 
as well as the greater clinical awareness of the entity. A series of 
37 patients who underwent rectal myectomy during a ten-year 
period was reviewed. Selected patients with short-segment 
aganglionosis, proved by muscle biopsy, responded well to a 
single transanal operation that required an overnight hospital 
stay. The complications were minimal, and the cure or marked 
improvement has persisted for as long as 11 years. When major 
surgery of an abdominoperineal pull-through type was required 
after the myectomy (four patients), no technical difficulties were 
encountered. Within the limits of its applicability, rectal myec- 
tomy has a definite place in the treatment of short-segment 
Hirschsprung disease. 


iaon and Kernohan! of the Mayo Clinic first pos- 
tulated the importance of Auerbach plexus in the 
pathogenesis of Hirschsprung disease. Since this land- 
mark contribution, the myenteric plexus has received 
much attention, and its normal? and abnormal’ anatomy 
in this disease is now well established. 

Many surgical procedures exist for the treatment of 
Hirschsprung disease. All of these procedures have 
evolved since the 1940s, when Swenson gave hope to chil- 
dren regarding what had previously been an often fatal 
malady. The most common of these procedures have been 
the Swenson pull-through procedure, the Duhamel proce- 
dure, with its sundry modifications, and the Soave endo- 


rectal procedure. Each of these procedures has protago- 


nists and antagonists. However, we are going to consider 
a “lesser” procedure for the treatment of short-segment 
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Hirschsprung disease, and report our experience with a 
special group of patients with rectal myectomy in short- 
segment aganglionosis. 


SUBJECTS 


From 1964 through 1973, 37 children at the Mayo Clinic under- 
went rectal myectomy for the correction of what were considered 
to be cases of short-segment Hirschsprung disease. There were 
three groups: those patients in whom rectal myectomy was done 
after a previous surgical procedure for Hirschsprung disease (four 
patients); the patients in whom rectal myectomy was considered 
to be the definitive initial procedure (29 patients); and those pa- 
tients in whom a further surgical procedure was found to be nec- 
essary after rectal myectomy (four patients). 

The absence of ganglion cells was histologically confirmed in ev- 
ery patient by the routine use of frozen sections. In most cases, 
follow-up consisted of personal interviews. Patients who could not 
return to our clinic were reached by telephone or letter. One pa- 
tient was lost to follow-up. Results were classified into three 
groups: excellent (normal bowel habits), improved (bowel habits 
better, but laxatives still indicated periodically), and no real 
change. 


TECHNIQUE 


The surgical technique has previously been described (Figure). 
After preoperative cleansing enemas, the child is placed in the 
lithotomy position under general anesthesia. Following digital 
anal dilation, an anal speculum is inserted, and a transverse muco- 
sal incision is made approximately 1 cm above the dentate line. 
The mucosa is separated from the muscular layer by blunt dis- 
section and retracted with stay sutures. A strip of muscle 0.5 to 1.0 
cm wide is cranially removed for varying distances. In our series, 
the length of the myectomy varied from 4 to 14 cm. Proximal and 
distal ends should be carefully identified for pathologic examina- 
tion. In infants, a frozen-section biopsy is absolutely mandatory 
for identification of the correct layer. The mucosal incision is ap- 
proximated, with interrupted 4-0 chromic catgut, and an expand- 
ing gauze pack is inserted for a compression lasting from 4 to 12 
hours. 


Usually, the children were dismissed from the hospital the day 


Rectal Myectomy—Lynn & van Heerden 991 





















My 4 as WN 
ZG, 14 K D 
\\ ESN 
NN 


NN 


\ 





Ra . RA | 
AMN | 


- 


JANN 


Table 1.—Rectal Myectomy After Previous Procedure 







Sex/Age, Follow- 
yr Previous Procedure Up, yr Result 
M/11 Swenson pull-through 10 Excellent 
M/11 Swenson pull-through 11 Excellent 
F/17 Swenson pull-through 9 Improved 
M/10 Anterior resection 9.5 Excellent 











~ after the procedure. Except for a rectal hematoma that required 
= surgical evacuation in an 11-year-old patient, there was no postop- 
erative morbidity. We have not utilized the posterior anococcygeal 
approach described by Thomas et al,’ and Alexander and Aston.° 


RESULTS 


Of the four patients who underwent rectal myectomy 
after a previous procedure, three had excellent results, 
and one was improved (Table 1). Of the four patients who 
required a definitive procedure after rectal myectomy, 
three had excellent results and one was improved (Table 
2). Of the 28 patients in whom rectal myectomy was the 
definitive procedure and who had adequate follow-up, 20 
had excellent results, six were improved, and two are rela- 
tively unchanged (Table 3). 


COMMENT 


In an effort to diagnose and surgically correct agangli- 
onic megacolon, one group of patients has almost been en- 
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Technique of rectal myectomy. Left, Location of incision. Right, Method of 
dissection and myectomy, following identification of proper layer by frozen 
section. (From Lynn.*) 


Table 2.—Definitive Procedure After Rectal Myectomy 


Interval 

Since 

Rectal Pro- 
cedure 


Follow- 


Up, yr Result 


Myectomy 


Duhamel 
Duhamel 
Duhamel 
Duhamel 


Excellent 
Excellent 
Improved 
Excellent 





tirely overlooked: those with short-segment aganglionosis, 
which is probably more common than has generally been 
believed. During the period of this review, we performed 
more extensive surgical procedures (usually of the Duha- 
mel type) on 52 other children; thus, our 37 patients re- 
viewed herein formed 37% of our patients with Hirsch- 
sprung disease who were surgically treated. Patients with 
bowel problems who do not have the classical abdominal 
distention, the explosive response to either enemas or rec- e 
tal examinations, or who pass through the early months of 
life without major difficulties are usually assumed not to 
have Hirschsprung disease. If the patient is female, it is 
considered less likely that the difficulties are due to 
aganglionosis. In our series of long-segment aganglion- 
osis, as in most reported series, the ratio of males to fe- 
males has been approximately 9:1. It is evident from the 
current series that in short-segment aganglionosis, the ra- 
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Table 3.—Rectal Myectomy as Definitive Procedu re 




















Sex/Age, Follow- 
Case yr Up, yr Result 

1 F/3 9 Excellent 

2 M/9 er Lost to follow-up* 

3 M/6 9 Excellent 

4 M/14 1 Improved* 

5 F/4 7 Excellent 

6 F/1 2.5 Excellent 

7 M/6 7 Excellent 

8 M/3 6 Excellent* 

9 F/6 T Excellent 
10 F/13 1 Excellent 
11 M/13 7.5 Excellent 
12 M/4 6 Excellent 
13 M/11 mo 3 mo Excellent 
14 M/5 1.5 Excellent 
15 M/2 5 Excellent 
16 M/3 5 Excellent 
17 M/5 4 Excellent 
18 F/4 4 Improved* 
19 M/11 3.5 No change* 
20 M/2 3.5 Improved* 
21 M/9 3 Excellent 
22 M/6 6 mo Improved” 
23 F/9 2 Improved* 
24 M/12 2 Excellent 
25 M/6 1.5 Improved* 
26 M/14 1.5 No change* 
27 F/2 mo 1 Excellent 
28 F/10 1 Excellent 
29 M/12 Excellent 





* No ganglion cells reached. 


tio is nearer 2:1. 

In older children, the presence of fecal soiling has been 
considered traditionally an indication of emotional diffi- 
culties. Psychiatric counseling is frequently recom- 
mended, without any attempt to rule out aganglionosis. 
At least four patients in this series had undergone psy- 
chiatric consultation before rectal biopsy was done. These 
patients had histories of fecal soiling. Two patients exhib- 
ited evidence of mental retardation, which contributed to 
confusion and to the delay of diagnosis; in both, myectomy 
failed to reach ganglion cells, and they were considered 
clinical failures. Both patients eventually were relieved of 
their condition by Duhamel operations. We should con- 
stantly guard against incorrectly labeling these unfortu- 
nate, older children who have experienced constipation 
and soiling. 

All patients in whom the ganglion cells were identified 
in the upper end of the myectomy were completely cured. 
In patients with substantial improvement or cure in 
whom ganglion cells were not reached, it was assumed 
that the myectomy was near to the region of normal 
ganglionosis. 

There were no technical problems or complications in 
arty of the four patients in whom a Duhamel procedure 
was performed subsequent to the myectomy. 

- Aldridge and Campbell? and Weinberg? emphasized the 
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presence of a normal transition zone ‘of aganglionosis, or 
sparse distribution of ganglia, just above the dentate line. 
The initial biopsy specimen should be taken at least 1.0 em 
above this line. When true aganglionosis is established, 
the myectomy should be performed and extended caudal- 
ly, so as to divide a major portion of the internal sphincter 
as well. From our observations, it would appear that the 
length of the aganglionic segments averages between 5 


and 6 em. In very young patients, frozen-section identi- 


fication of the proper plane is essential before the myec- 
tomy is begun. 

The preoperative, mechanical colonic evacuation and 
rectal dilation, with the patient under anesthesia, may 
give some temporary improvement, but any change can be 
expected to regress within six months. Therefore, the per- 
manent improvement noted in these patients must be at- 
tributed to the myectomy. 

Although we realized that the procedure might not cure 
the condition, we were surprised that only four patients 
have required a more major surgical procedure. 


CONCLUSION 


Within limits of its applicability, this procedure has a 


place in the treatment of patients with Hirschsprung dis- 


ease of the short-segment type, as well as for salvage of © 


patients in whom the initial operation was inadequate or 
unsatisfactory. 
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Discussion 


ROBERT J. Izant, JR., MD, Cleveland: This paper presents a 


large experience with a comparatively rare and difficult diagnostic 
variant of congenital aganglionosis. That in itself is important. 
Also, Drs. Lynn and van Heerden have pointed out an additional 
use of myectomy: namely, in definite operation failures. Though 
our experience is considerably less than Dr. Lynn’s, it is sufficient 
to form a basis for some reemphasis and some hearty warnings. 

As has been mentioned, the distal 3 cm or less of the anus is nor- 
mally aganglionic, and because even experienced pediatric pathol- 
ogists have difficulties reading the sections, a high biopsy speci- 
men should be obtained. If necessary, a waiting period of a few 
days for the pathologic evaluation is indicated before a myectomy 
is done. 

This is not an operation to do on the multitudes of children with 
habit constipation. On the other hand, psychiatric treatment used 
for habit-constipated children is no therapy for Hirschsprung dis- 
ease. 
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i Short-segment aganglionosis or the hypoganglionic entity are 
= very subtle diseases, as has been mentioned. Many children do not 
= have the classical symptoms, and are not obvious growth failures, 
~ eg, some are in the tenth through 15th percentile range, only to 
~ shoot up in six to eight months into the 95th percentile range post- 

operatively. 

UA The high frequency of the short-segment condition in girls has 
= also been our experience. As an illustration of this, a 15-year-old 
= girl seen recently for long-range postoperative follow-up eval- 
= uation had done extremely well on her growth and development. 
= Her mother was pleased with her progress, except for the fact 
= that the daughter had developed so well that she had become preg- 
= nant and married (in that order). 
5 I weuld like to ask Dr. Lynn if he noticed in this series a signifi- 
= cant postoperative growth and development spurt? If so, would he 
= comment on that? 
= Cuarues L. Eckert, MD, Arsany, NY: I believe Dr. Lynn 
thought that I would describe my experience with the operation, 
= but I hasten to say that such is not the case. However, Dr. Evarts 
Graham noted a similarity between achalasia of the esophagus 
_ and Hirschsprung disease of the colon, and in 1948, he performed 

_ long myotomy on the sigmoid colon and rectum in two children 
i swith Hirschsprung disease. Both sustained perforative complica- 

iA tions with a prolonged septic course. Both required diverting co- 
Bis “9 - lostomies, and both recovered, but unfortunately I do not know 
Aa -the fellow-up beyond that point. Nevertheless, I know that were 
a he alive, he would have been extremely pleased to learn of the suc- 
~ cessful application of this concept as described by Dr. Lynn. 
aa JOHN G. RAFFENSPERGER, MD, Chicago: After hearing this 
2 e presentation, I must say that Dr. Lynn is extremely convincing. 

ai However, I do have two questions. When I see a bright and active 
_ child whose constipation and soiling started when he was 1 or 2, I 
_ consider that there might have been trouble in the family. In this 
g instance, I would quickly label this constipation as being psy- 
5 E ogani. One relies heavily on roentgenograms. I would like to 
_ ask Dr. Lynn what his correlation has been with roentgenograms 
in the short segments. I have always assumed that Hirschsprung 
= disease was ruled out if the colon was dilated all the way down to 
= the sphincter. 

Second, I would think that at some point, Dr. Lynn must have 
~ perfermed this operation and found normal ganglion cells all the 
= way up. Were any of those conditions improved? 
$ E. Tuomas Boxes, JR., MD, Columbus, Ohio: Over the years, 
Dr. Lynn has offered a number of very thoughtful and innovative 
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surgical procedures, and I consider this to be another one. I would 
like to congratulate him on his results. 

I would like to ask how he is able to recognize the patient with a 
sufficiently short aganglionic segment in whom the procedure’ may 
be used. In other words, to what group of patients specifically 
would he apply this procedure? 

It is quite important to emphasize his beautiful results, par- 
ticularly in terms of very low postoperative morbidity. Further- 
more, in those patients for whom a more definitive or radical type 
of procedure was subsequently necessary, the previously done 
myectomy did not increase the technical difficulty of the second 
operation. 

Dr. Lynn: In reply to Dr. Raffensperger, I have not performed 
this operation in the presence of ganglion cells. If you know any- 
thing about the surgical pathology section of the Mayo Clinic, one 
of these patients had 49 frozen sections on the way to reaching 
ganglion cells. Therefore, if we reach ganglion cells in the biopsy, 
we would not be doing the operation. 

The other question deals with a subject that will always be a 
point of controversy. When there is a good history of constipation, 
and the roentgenograms show dilation down into that narrow pel- 
vic zone, our radiologists rely heavily on how well the youngster 
evacuates. They would put an asterisk down if the youngster did 
not evacuate the barium in a fashion that they would consider 
normal. These youngsters are the ones the pediatricians are 
particularly interested in seeing. 

I must admit that during my tenure we probably did more rec- 
tal biopsies than a great many institutions. I mentioned four 
cases. I could cite half a dozen other cases of patients who had 
been denied medical treatment because they had been told that 
they had emotional problems. Several of them came to us because 
they were dissatisfied with this unconfirmed diagnosis. I am at the 
point of saying that putting my finger in the rectum is of no help 
in short-segment Hirschsprung disease. If it is long-standing, 
such as in an 11- or 12-year-old child, I am not sure that I could 
convince anyone that there was increased internal sphincter tone, 
especially when I went into a big ampulla cavity. 

I can only say that, when the suspicion is there, when the al- 
ternative is turning the entire family over to psychiatric therapy, 
and when the radiologists say that they are not satisfied with 
evacuation, the rectal biopsy seems a very small price to pay. You 
must do the biopsy correctly and not go in just above the internal 
sphincter and biopsy normal anus. 
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Massive Spontaneous Portal-Systemic 
Shunting Without Varices 


Marvin J. Wexler, MD, Lloyd D. MacLean, MD 


Using umbilical vein portal phlebography, a group of patients, 
often with previously unsuspected liver disease or portal hyper- 
tension, have been identified with massive spontaneous portal- 
systemic shunts. In all cases, the collateral circulation was a 
single large vessel. The splenoadrenorenal, umbilical vein, or in- 
ferior mesenteric vein routes were the common pathways. 

These natural shunts were functional and effective in the alle- 
viation of portal hypertension without evidence of esophageal 
varices or other collaterals. Portal flow was usually retrograde, 
perhaps contributing to the small atrophic liver seen in all pa- 
tients. Six such patients were seen in the last 40 studied. This 
phenomenon may be more common than suspected in the cir- 
rhotic population and account in part for differences in natural 
history, complications, and results of surgical therapy. 


pontaneous shunting between the portal and systemic 
venous circulations is a frequent occurrence in pa- 
tients with both liver disease and portal hypertension. It 
is generally believed and taught that extrahepatic portal- 
systemic collaterals are numerous and small and cannot be 
clinically effective in reducing portal pressure or pre- 
venting the formation of gastroesophageal varices and 
hemorrhage. 

With the application of newer diagnostic techniques, a 
tremendous variability in vascular patterns and hemody- 
namics is now being appreciated, and different spontane- 
ous portal-systemic shunts are being increasingly recog- 
nized. Recently, we identified a group of patients with 
massive spontaneous shunts. In these patients, the collat- 
eral circulation was a single large vessel resulting in 
“relief” of portal hypertension and absence of esoph- 
agogastric varices and the usual clinical appearance of 
liver disease. 
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CLINICAL POPULATION AND METHODS - 


Since 1970, a series of 40 patients have been studied by means 
of umbilical vein portography as part of a sequence of diagnostic 
procedures performed at a single session called “minilap.”™? This 


procedure was performed on patients who were difficult diagnostic 


problems or who had an atypical presentation of liver disease of 
undiagnosed cause. After performing umbilical vein catheter- 


ization using local anesthesia, the catheter is guided under fluo- — 


roscopic control into the splenic vein. Pressures and rapid se- 


. 
an 

i ‘ 
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quence portography is performed with low and high pressure p 
injections of contrast material at various sites along the extra- — 


hepatic portal tree. 
Six patients, ranging in ages from 24 to 60 years, were dis- 


covered to have totally unsuspected massive spontaneous portal- 


systemic shunts. In two patients, the shunt was between the 
splenic and left renal vein, while in another it was between the 


coronary and left renal veins. In two patients, a spontaneously re- 


opened and patent umbilical vein served as a massive conduit 


anastomosing with the iliac system. Im one patient, the shunt was 


via the inferior mesenteric vein to the hemorrhoidal plexus. None 
of these patients had esophageal varices and all except one were 
free of gastrointestinal bleeding. The spectrum of clinical mani- 
festations varied greatly. Two totally asymptomatic patients were 
being investigated for splenomegaly while a third was being in- 
vestigated for epigastric pain. None were known to have liver dis- 
ease. One young man had severe encephalopathy, while a young 
girl with well-established asymptomatic liver disease since child- 
hood was admitted with upper gastrointestinal bleeding of 
obscure cause. Five of the six patients clearly demonstrated 
hepatofugal portal flow, while the sixth showed noticeable reduc- 
tion of the portal fraction of total hepatic blood flow. All patients 
had small, shrunken livers, enlarged spleens, and demonstrated a 
striking absence of the plethora of collateral veins usually seen on 
venous portography in patients with portal hypertension. The 
spontaneous shunt in each instance was of usually large caliber 
and resembled in magnitude, and perhaps in volume of flow, sur- 
gically constructed portal-systemic anastomoses. A liver biopsy 
specimen showed Laennec cirrhosis in two patients, postnecrotic 
cirrhosis in two, and chronic aggressive hepatitis with cirrhosis in 
two. The following are selected case reports. 


REPORT OF CASES 
CasE 1.—A 46-year old wrestler was first admitted to our hospi- 
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tal in 1971. He had nce in excellent health all his life. Family 


F screening, done because two nephews were ill with aplastic ane- 
mia, disclosed thrombocytopenia and splenomegaly. He drank sev- 
eral quarts of beer daily. On physical examination, there was a 
= huge smooth spleen, nonpalpable liver, and no stigmata of liver 


disease. Laboratory studies showed thrombocytopenia of 42,000 


_ platelets per cubic millimeter, leukopenia, and evidence of hemoly- 


sis. Liver enzyme values were normal including serum glutamic 


_ oxaloacetic transaminase (SGOT), bilirubin, alkaline phosphatase, 


albumin, and prothrombin time. Results of an upper gastrointesti- 
nal series were normal. At his wish, all additional investigations 


and treatment were stopped. 


Two years later, he reappeared with a painful swollen ankle. 
Physical examination again disclosed only massive splenomegaly. 
An x-ray film showed osteomyelitis of the left ankle and Staphylo- 
coccus aureus was cultured. Preliminary laboratory studies again 
showed thrombocytopenia and leukopenia, however, the alkaline 
phosphatase level was now 23.1 units (N =3 to 18), albumin was 2.9 
gm/100 ml (N=3.5 to 5.0), and indirect bilirubin was elevated 
to 1.3 mg/100 ml. Attention was focused on the massive spleno- 
megaly and he underwent one month of intensive hematologic and 
immunologic investigations. All the results of these studies were 
normal except for a decreased red blood cell survival due to trap- 


ping in the spleen. A “minilap” for diagnosis was performed. 


Threugh a 3-cm epigastric incision, a massively dilated patent 


umbilical vein was immediately seen (Fig 1). A catheter was in- 


serted, manipulated into the splenic vein, and portography per- 
formed. The proximal part of the splenic vein was thrombosed. 
Just proximal to this thrombosis, the inferior mesenteric vein 
filled retrograde and descended to the left lower quadrant. Good 
filling of the intrahepatic portal system occurred and a small 
shrunken liver was outlined. The coronary vein was seen and did 
not give rise to varices. The majority of the flow from the portal 


vein was hepatofugal into the huge umbilical vein, which acted as 
Si A large collateral shunt. It coursed inferiorly in a very tortuous 


manner to the pelvis to anastomose with the iliac system, and 


a thence to the inferior vena cava. No other collaterals were seen 
(Fig 2). With the catheter tip at the portal bifurcation, low pres- 


sure infusion of contrast failed to outline the liver, all of the flow 
being retrograde through the umbilical shunt. In this position, 


=~ pressure measured 28 cm of H,O, decreasing as the catheter was 


withdrawn into the umbilical vein. A liver biopsy specimen from 
the atrophic liver demonstrated micronodular cirrhosis. The um- 
bilical vein puncture site was carefully closed, preserving the 
shunt. He has remained well. 

An almost identical situation was seen in a 60-year-old patient 
being investigated for epigastric pain. 


Case 2.—A healthy, active 22-year-old man was first hospitalized 
in March 1967 with swelling of his legs. Results of a physical ex- 
amination were normal except for moderate pitting edema of the 
legs. Laboratory investigations showed the following values: he- 
moglobin, 9 gm/100 ml; total bilirubin, 2.2 mg/100 ml; SGOT, 170 
units (N =8 to 40); and total protein, 4.86 gm/100 ml. Renal func- 
tion was normal and results of the Paul Bunnell test were nega- 
tive. Two attempts at percutaneous liver biopsy were unsuccessful 
and the patient was discharged. 

He remained well until September 1969, when he was read- 
mitted with a one-month history of progressive abdominal dis- 
tention and leg edema. Severe ascites was noted. The following 
laboratory values were obtained: hemoglobin, 8.9 gm/100 ml; pro- 
thrombin activity, 91%; platelet count, 115,000/cu mm; total bili- 
rubin, 3.4 mg/100 ml; SGOT, 210 units; blood ammonia, 134yg/100 
ml (N=less than 100); and total protein, 5.7 gm/100 ml. He re- 
sponded rapidly to diuretic therapy with a weight loss of 15 kg (33 
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Fig 1.—Massive patent dilated umbilical vein bulging from 


“minilap” incision (case 1). 


lb). Results of a barium swallow disclosed a normal esophagus 
without varices. Two additional attempts at liver biopsy were 
unsuccessful. 

He was admitted to the Royal Victoria Hospital for the first 
time in April 1971. He had been well until four days prior to ad- 
mission when he became drowsy, experienced dizziness, and felt 
himself “going into coma.” On admission, he had normal vital 
signs but was disoriented and had gross “liver flap.” He rapidly 
became unresponsive. Only the spleen was palpable, 3 cm below 
the left costal margin. There was no collateral abdominal wall cir- 
culation and stool specimens were negative for occult blood. As- 
cites and leg edema were not present. Investigations showed evi- 
dence of pancytopenia. The total bilirubin value was 2 mg/100 ml 
and SGOT 113 units. Serum electrolyte, calcium, glucose, blood 
urea nitrogen, creatinine, and blood gas levels were all normal. 
Arterial blood ammonia levels were 400ug/100 ml to 450ug/100 ml. 
An electoencephalogram was compatible with systemic metabolic 
disease. He was treated with protein restriction, intravenously ad- 
ministered fluids, purgatives, and orally given neomycin sulfate, 
and two days later he felt considerably better with corresponding 
improvement shown on EKG, although his fasting arterial blood 
ammonia level was still severely elevated. He denied recent alco- 
hol ingestion, drug use, infection, or major bleeding, and no past 
history of hepatitis was obtained. Details of previous hospitaliza- 
tions were not immediately available. A liver biopsy was at- 
tempted unsuccessfully on four occasions and additional attempts 
were abandoned when the platelet count decreased to 22,000/cu 
mm. He underwent umbilical vein catheterization with local anes- 
thesia. 

The contrast medium was injected slowly with the catheter tip 
in the splenic vein. It was seen to flow retrograde to the hilus of 
the spleen and inferiorly through a large spontaneous shunt to the 
left renal vein (Fig 3). No contrast medium entered the main por- 
tal vein. The catheter was withdrawn to a position within the liver 
and the injection was repeated. Initially, this achieved good filling 
of the portal system in the liver; however, the predominant flow 
was retrograde down the portal vein, again demonstrating the 
splenorenal shunt. A large tortuous coronary vein was seen that 
coursed across the midline to enter the hilus of the spleen. There 
were no esophageal varices or other collaterals (Fig 4). The liver 
was substantially shrunken. The main portal vein pressure mea- 
sured 20 cm H,O and was slightly greater than in the splenic vein. 
Free and wedged hepatic vein phlebograms and pressures were 
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Fig 2.—Proximal splenic vein is thrombosed. Top left, Inferior 
mesenteric vein fills retrograde proximal to thrombosis (arrows). 
Top right, Coronary vein gives rise to no varices (arrows). Bot- 
tom, Majority of flow from well-filled portal vein goes into dilated 
umbilical vein, coursing to pelvis as single tortuous conduit (ar- 
rows) (case 1). 
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obtained through the basilic vein in the arm. These showed the 
changes characteristic of severe cirrhosis with retrograde filling 
of intrahepatic portal radicles (Fig 5). However, the corrected he- 
patic vein pressure was only 10 cm H,O. Results of a liver biopsy, 
later accomplished under fluoroscopy using a posterior approach, 
disclosed postnecrotic cirrhosis but no active cellular necrosis. 


Case 3.—An 18-year-old student was admitted to the hospital in 
September 1972 with massive hematemesis. At age 9 she was 
diagnosed as having “plasma cell” hepatitis as shown by means of 
a liver biopsy. For the latter three years, the patient was treated 
with azathioprine and prednisone. She remained well and asymp- 
tomatic until three days prior to admission when she began vomit- 
ing blood and was admitted to her local hospital. Eleven units of 
blood were administered over the subsequent 24 hours. A bleeding 
site could not be found and she was transferred to the Royal Vic- 
toria Hospital. 

Examination on admission showed a comfortable, alert, mildly 
jaundiced young woman. The spleen was palpable 6 cm below the 
left costal margin but there was no evidence of hepatomegaly. 
Liver enzymes were noticeably deranged. Laboratory studies dis- 
closed the following values: SGOT, 501 units; lactic dehy- 
drogenase, 1,020 units; alkaline phosphatase, 20 units; bilirubin, 
5.8 mg/100 ml; prothrombin time, 66%; and arterial ammonia, 170ug/ 
100 ml. Emergency endoscopy demonstrated a normal esophagus, 
stomach, and duodenum, and results of an upper gastrointestinal 
tract series were normal. Despite intermittent episodes of bleed- 
ing, two additional endoscopies and upper gastrointestinal tract 
series showed no abnormalities. It was believed that the blood was 
coming from the fundus of the stomach but no bleeding site was 
seen. During this period, severe ascites developed, prothrombin 
time increased, and platelet levels decreased to 35,000/cu mm. 
There was no evidence of intravascular coagulation. Treatment 
consisted of fresh blood, platelets, and plasma and after two days 
the bleeding stopped. Liver scans disclosed noticeable splenomeg- 
aly with a small cirrhotic liver and abnormal clearances compat- 
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ible with chronic hepatitis. There were no space-occupying lesions. 
_ Within three weeks, the ascites disappeared and liver enzymes 
-~ improved dramatically, the SGOT level falling to 66 units, and bil- 
~ irubin to 1.68 mg/100 ml. ‘Minilap” was performed. 

_ An umbilical vein portogram demonstrated a small fibrotic liver 
= and splenomegaly. While substantial hepatopedal portal flow was 
= maintained, much of the extrahepatic portal flow was directed 
_ through a large tortuous, variceal coronary vein that had devel- 
_ oped a massive spontaneous shunt to the left renal vein (Fig 6). 
_ Esophageal varices were absent, and no other collaterals were 
_ demonstrated. With use of a right hepatic vein catheter, xenon Xe 
i si 133 blood flow studies were performed.’ Total hepatic blood flow 
~ measured 1,350 ml/minute with a portal fraction of 55%. A liver 

_ biopsy specimen showed chronic aggressive hepatitis. 

= She continued to do well and was discharged only to be read- 
mitted 15 days later with recurrent bleeding. She underwent sple- 
__nectomy and end-to-side splenorenal shunt. The huge coronary 
= left renal vein shunt was identified and preserved (Fig 7). The pa- 
= tient has remained well since. Although effective in preventing the 
_ development of esophageal varices, bleeding did occur, presum- 
-~ ably from a gastric varix in the coronary vein itself, in combina- 
= tion with disordered coagulation from hypersplenism and perhaps 
= drug therapy. 


‘ COMMENT 
= The relationship of hepatic function to the prognosis 
__ and treatment of patients with hepatic cirrhosis is well ac- 
cepted. Less well appreciated are the complex, widely 
variable alterations in hepatic and splanchnic vascular 
_ physiology that occur. The advent of splenoportography 
=~ has facilitated the understanding of these altered vascu- 
= lar hemodynamics by showing that large, previously un- 
recognized portal-systemic shunts may develop spontane- 
ously. 
= [n an extensive study of over 135 consecutive cirrhotic 
= patients, Rousselot and associates‘ found in 97% of those 
with portal hypertension, diversion of portal blood from 
_ the liver occurred by back flow and reversed circulation 
= in the valveless, normally present veins of the extrahepat- 
= ic portal system. The effect of this diversion was not re- 
_ flected in lowered portal pressure. On the contrary, the ex- 
= tent of collateralization through these veins increased and 
= Correlated directly with progressively higher values in 
= portal pressure. The final systemic communications in 
= these cases is accomplished by multiple fine vessels. On the 
= basis of Poiseuille law, with collateral vessels of half the 
radius of the normal portal vein, 16 such veins would be 
= necessary to carry the portal blood without an increase in 
pressure. This may explain the ineffective decompressive 
effect obtained. However, in 28 patients, diversion was 
also by circulation through large reopened embryonic 
channels connecting the portal and systemic venous circu- 
~ lations. Twenty eight percent were into the left renal vein 
= and 41% were via umbilical or paraumbilical veins to the 
_ deep epigastric and iliac veins. These reopened channels 
provided a larger and more direct connection with the sys- 
temic circulation, often acquiring unusual size. Nonethe- 
less, these investigators observed that even these shunts 
were not associated with reductions in portal pressure and 
| did not prevent circulation of portal blood through varices 
(85%) nor did they prevent severe hemorrhage from rup- 
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tured varices (70.8%). This is contrary to the experience 
herein reported and is difficult to explain on the basis of 
Poiseuille law. Isolated observations by a number of inves- 
tigators suggest that our findings are not unique. ` 

Summerskill et alë described 17 patients who had inter- 
mittent neuropsychiatric disturbances. In 15 patients, 
extensive portal-systemic collateral circulation was dem- 
onstrated by percutaneous transsplenic phlebography. 
Usually, the collateral circulation was extensive and con- 
sisted of multiple small channels diverted through the left 
gastric and paraesophageal veins without a single major 
vessel. However, in two patients, the inferior mesenteric 
vein was distended to form a single large retrograde 
channel, while in another two, the umbilical vein was the 
sole patent functioning channel. These investigators 
found that when the collateral circulation was sufficiently 
great, the intrasplenic pressures were normal. Such pa- 
tients usually had only the one large collateral vein. They 
had constructed natural portacaval shunts of sufficient 
caliber to lower the portal pressure and did not develop 
esophageal varices. The diversion of portal blood into the 
collateral was occasionally so great that the portal vein 
did not visualize on splenic phlebogram. 

In 126 splenic phlebograms performed in 109 patients, 
with cirrhosis or portal hypertension, Turner and col- 
leagues® described a wide variety of portal-collateral cir- 
cuits. The predominant route was through the gastric and 
esophageal vessels. However, four patients had abnormal 
collaterals between the splenic and renal veins. In six pa- 
tients, no contrast medium entered the portal vein after 
intrasplenic injection. Five of these six patients presented 
with encephalopathy. In three, all the injected contrast 
material entered the interior mesenteric vein, while in 
two it passed through massive collaterals from the splenic 
to the renal vein and then to the inferior vena cava. Var- 
ices were absent. 

Hemodynamic data were obtained in 13 cirrhotic pa- 
tients with portal hypertension undergoing combined he- 
patic vein, umbilicoportal vein, and superior mesenteric 
artery catheterization by Huet et al.’ The portal fraction 
of total hepatic blood flow was calculated after injection of 
red blood cells labeled with radioactive chromium (*'Cr) 
into the superior mesenteric artery. In three patients, the 
portal fraction was 0%. In these three cases, portography 
and arteriography disclosed large spontaneous portacaval 
shunting with reverse or stagnant circulation in the portal 
vein, or both. In one, the shunt was a portosplenorenal, 
while in two there was reverse circulation into the inferior 
mesenteric veins with large hemorrhoidal shunts and no 
opacification of the portal vein seen on umbilicopor- 
tography. 

The studies of Burchell and coworkers‘ suggest that the 
splenorenal pathway is probably a more important and 
readily available area of shunting than has been clinically 
appreciated. Splenoportograms were performed in 735 pa- 
tients with cirrhosis and portal hypertension. In 45 pa- 
tients, technically successful splenic portograms failed fo 
visualize the portal vein. Additional studies confirmed the 
complete patency of this vessel. In approximately half of 
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these latter patients, the primary route of hepatic bypass 
was over a splenoadrenorenal “natural shunt” to the infe- 
rior vena cava. 

Even before the advent of portography, Learmonth,’ on 
the basis of anatomic and pathologic considerations, 
emphasized the clinical importance of natural portal- 
systemic anastomoses in the neighborhood of the spleen 





where veins pass from the splenic vein to veins in the dia- 
phragm, pancreas, and adrenal. The ultimate systemic-col- 
lecting vessels for all these small veins predisposes to 
natural splenorenal shunts in portal hypertension. The 
pancreatic and diaphragmatic veins reach the left renal 
vein by forming connections with the ascending lumbar 
vein, which is connected caudally to the left renal vein. 





Fig 3.—Umbilical catheter situated in main splenic vein (case 2). Contrast medium flows to hilus of spleen (left) and then inferiorly 
through large spontaneous splenorenal shunt to inferior vena cava (right). No dye enters main portal vein. 


Fig 4.—Catheter withdrawn to intrahepatic portal vein. Predominant flow is retrograde down portal vein (left), demonstrating splenore- 
nal shunt (right). Large coronary vein courses across midline to enter spleen without formation of varices. 
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The presence of direct communication between the splenic 
vein and the left adrenal vein often results in ballooning 
of the adrenal from the increased portal pressure. The left 
adrenal vein in turn empties into the left renal vein, thus 
providing another of nature’s indirect splenorenal anasto- 
moses. The frequent nonvisualization of the portal and 
splenic veins on splenoportography noted by many au- 





Fig 5.—Wedged hepatic vein angiogram outlines hetero- 
geneous sinusoidal bed with numerous small filling defects. Ret- 
rograde filling of portal radicles in liver occurs (arrow) (case 2). 


thors when a splenorenal-caval bypass existed, emphasizes 
the potential functional ability of this “natural shunt” in 
the presence of portal hypertension. This was seen in two 
of our patients. 


Portal Hypertension 


A recent review of the St. Vincent’s Hospital experience 
with splenic portograms in almost 1,000 patients with por- 
tal hypertension? demonstrated a spontaneously re- 
opened and patent functioning umbilical vein in 9%. As 
recognized by the authors, many more patients with por- 
tal hypertension may have such a spontaneously available 
outflow tract than would be suggested by conventional 
portography done with the patient in the supine position. 
With the use of splenoportography with the patient in the 
prone position, Moskowitz et al have demonstrated a 
large patent and spontaneously functioning umbilical 
vein in a patient in whom this vessel had not been demon- 
strated in the supine position, where contrast medium 
flows preferentially to the right lobe due to gravitational 
forces. The hemodynamic importance and potential effi- 
cacy of this patent shunt in sinusoidal decompression is 
evidenced by the fact that the pressure in the hepatic limb 
of the occluded portal vein (sinusoidal pressure) was sub- 
stantially lower in patients with a functioning umbilical 
collateral than in patients without such a collateral. The 
pressure increment on the splanchnic side of an occluding 
portal vein clamp was noticeably greater in these patients 
supporting an element of splanchnic decompression as 
well. However, this hepatofugal collateral was clinically 
ineffective in preventing varices or variceal hemorrhage 
in this series, contrary to the experience with our two pa- 
tients with a similar shunt. This may be due to differences 


Fig 6.—Left, tortuous coronary vein (CV), caliber of splenic (SV), and main portal veins (PV), developed massive shunt to left renal vein 
(RV) with rapid appearance of contrast material in inferior vena cava (IVC) (right). No esophageal varices or other collaterals seen (case 


3). Right atrium indicated by RA. 
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Fig 7.—Pancreas and splenic vein (SV) retracted to left after 
splenectomy. Note large spontaneous shunt to renal vein (RV) 
(case 3). Surgical shunt constructed to left of this spontaneous 
shunt. 


in the type of patients studied. Neither of our patients 
was known to have either cirrhosis or portal hypertension 
prior to study, which was initiated for other complaints. 
This again suggests that this phenomenom may be much 
more common than suspected—perhaps in a population of 
unknown and asymptomatic cirrhotic patients who re- 
main so because of their ability to develop spontaneously 
such shunts. Substantial preoperative ascites was present 
in only 8% of patients with a patent umbilical vein. In a 
comparable group without a patent vein, 28% had ascites." 
After a single decompressive shunt, ascites occurred in 
only one patient with preservation of the preexisting 
functioning vein but in 21% of patients with a nonvisual- 
ized vein or operative ligation of patent vein. This role as 
an outflow tract thus assumes particular importance in as- 
saying the factors that may influence the development of 
ascites. In case 2, ascites was absent at the time the shunt 
was demonstrated, whereas it had been a problem in pre- 
vious years, perhaps while this shunt was in formation. 
The nonvisualization of the portal vein on splenic por- 
tography raises several hemodynamic possibilities that have 
considerable importance. It may occur as a result of the 
simple interposition of a large bypass collateral vessel be- 
tween the spleen and the liver through which the contrast 
medium is directed. On the other hand, there may be no 
portal hepatic flow due to occlusion of the vein. Alterna- 
tively, the contrast medium may not be able to enter the 
portal vein because of true reverse flow of hepatic blood 
down the portal vein, spontaneously decompressing the 
liver. On the basis of intrahepatic parenchymal deposition 
of contrast medium, and direct determination of direction 
‘and rate of portal flow, Burchell and coworkers! concluded 
that it was the result of the drastic reduction in portal 
flow and corresponding hepatic bypass of splanchnic flow. 
There was no instance in which reverse flow in the portal 
vein could be observed. Moreno et al’? reported a series of 
85 cjrrhotic patients in whom portal flow was measured 
with use of an electromagnetic flow meter. They failed to 
show any patients with retrograde flow in the portal vein. 
Smith et al, in an extensive study of hepatic vein phle- 
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bography, observed only one of 84 cirrhotic patients with 
reversal of flow on the angiogram, and this was not sub- 
stantiated by direct operative measurement. 

At the opposite extreme, Warren and colleagues have 
long postulated that this phenomenon could oecur based 
on manometric studies obtained prior to and at the time 
of performing portacaval shunts." The pressure available 
to perfuse the portal venous bed was obtained by sub- 
tracting the hepatic occluded portal pressure from the 
splanchnic occluded portal pressure. A negative result pre- 
sumably meant reversal of portal flow. In a subsequent 
study of 80 cirrhotic patients, wedged hepatic vein an- 
giograms, splenoportography, and hepatic arteriography 
were performed as well as pressure measurements. Six pa- 
tients were shown to have spontaneous reversal of portal 
venous blood flow, the portal vein acting as an outflow 
tract from the liver. When hepatic vein phlebography was 
performed, the contrast material left the liver by way of 
the portal vein. In such instances, the portal vein was not 
opacified on the splenoportogram. In these six patients, 
only one required surgery for bleeding. They character- 
istically had developed extensive caudally directed collat- 
erals sparing the coronary-azygous system. Indeed, the 
initial idea of the distal splenorenal shunt stemmed from 
such a patient." 

The existence of reversed portal vein flow was clearly 
shown in five of our six cases, by serial low- and high-pres- 
sure injections at various points within the portal system. 
It is additionally supported by the strikingly small size of 
the liver seen in all patients, as might be expected with 
absent portal flow. The relatively low corrected hepatic 
vein wedge pressure in case 2, in the face of almost com- 
plete obliteration of the hepatic venous system (Fig 5), is 
probably due to sinusoidal decompression by the hepatofu- 
gal “portal flow.” Those patients who in the face of portal 
hypertension have the ability to reopen large embryonic 
channels or “natural shunts,” as demonstrated in our pa- 
tients, might be expected to show this phenomenon of re- 
verse flow. As the outflow obstruction increases in the 
cirrhotic liver, intrahepatic pressure increases and trans- 
hepatic flow decreases. More blood bypasses the liver. The 
ability to open a single large “natural” portosystemic 
shunt would presumably lower the free portal venous 
pressure below that of the hepatic sinusoids. When this 
happens, the direction of flow changes and blood passes 
from the sinusoids to the portal vein. This would explain 
the high association of a nonvisualized portal vein on 
splenoportography when such shunts are present. The 
sparing of the coronary-azygous system with resultant ab- 
sence of esophagogastric varices, bleeding, and perhaps 
ascites is also consistent with this concept. It is possible 
that this phenomenon is far more common than has been 
recognized in the total population of patients with liver 
disease. Many may go undetected by the clinician during 
this period because of their ability to construct such effec- 
tive natural shunts. Umbilical vein portography is a supe- 
rior method to demonstrate these changes. It should be 
performed early in all patients with suspected hepatic 
disease. 
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Discussion 


JEREMIAH G. TURCOTTE, MD, Ann Arbor, Mich: I agree with the 
thesis that the spontaneous shunts are probably more common 


T _ than generally appreciated. Perhaps the authors have provided us 


= with an explanation for some well-known statistics concerning cir- 


rhotic patients. Only about 50% of cirrhotic patients will develop 
varices, and only about one third of individuals with varices will 
ever bleed from them. So, the question is, why don’t all cirrhotic 


~ patients develop varices, and why don’t all varices bleed? Perhaps 


the answer is that many of them have these natural shunts to ex- 





plain the lack of variceal hemorrhage in many patients with cir- 
rhosis. 

_ I would like to call your attention to two groups of patients with 
portal hypertension in whom I think the natural shunts are of 
particular importance. One group is children with extrahepatic 
portal hypertension, and the other group is adults (ie, aged 55 to 
60 years) who for reasons we don’t understand well at this point 
have thrombosed their portal venous systems. 

Dr. Fonkalsrud and the group at UCLA recently pointed out 
that many children with extrahepatic portal hypertension will out- 
grow their disease—that is, with time the recurrent variceal hem- 
orrhage will cease. They have recommended that we only selec- 
tively apply surgical portal decompression to this group of pa- 
tients. Probably, natural shunts form with time and explain this 
sequence of events. 

The other group of patients is adults with extrahepatic portal 
hypertension. We recently looked up a number of cases in our 
series and, somewhat to our surprise, found that even though we 
were not able to surgically construct a shunt, either these patients 
never rebled or rebled infrequently, and they all remained alive if 
they survived the immediate postoperative period. Again, proba- 
bly the development of natural shunts explains this history. 

I would like to inject a word of caution in interpreting some of 
the studies presented as indicating that retrograde portal blood 
flow is present. Any time you inject the portal venous system 
directly, you change the hemodynamics of the system sufficiently 
so that you may see some phenomena not present normally. The 
error introduced by different methods of measuring flow may ex- 
plain the great discrepancy in the literature concerning the inci- 
dence of retrograde portal flow. Some authors state that only a 
few percent of cirrhotic patients have reversal of flow in the por- 
tal vein, while others claim that as many as 25% have retrograde 
flow. A good way to check for the presence of retrograde flow is to 
study the venous phase of superior mesenteric artery arterio- 
gram. Since in this study there is no direct injection into the por- 
tal venous system, portal hemodynamics are minimally disturbed. 
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I wonder if mesenteric arteriograms were done in the cases de- 
scribed? 

FRANCIS JACKSON, MD, Lubbock, Tex: Eleven years ago we pre- 
sented at the annual meeting the first 200 of some 600 percu- 
taneous splenoportagrams done at the Veterans Administration 
Hospital in Pittsburgh over a period of years. Four general 
venographic patterns were described that we called “differential 
flow patterns.” Dr. Wexler has indicated at least two of these pat- 
terns. We pointed out at that time the importance of the coronary 
vein and its relationship to the appearance of varices and, ulti- 
mately, hemorrhage. We also had a substantial number of pa- 
tients with varices but without opacification of the coronary vein, 
using the splenic injection technique. 

I would like to point out that some 15 repeated studies were per- 
formed and we were surprised to note that the patterns changed. 
Therefore, the static studies may not always represent all of the 
naturally existing portosomatic shunts available. Therefore, it is 
possible that similar studies performed through the umbilical vein 
may not be the pattern that might be seen a few weeks from to- 
day or even a year from today. 

I believe the flow characteristics as we see on a single set of 
phlebograms are affected by a number of variables, such as the 
existing portal flow dynamics, including the resistance in the col- 
lateral system vs intrahepatic resistance, the amount of dye we 
inject, the specific physical characteristics of the dye (ie, specific 
gravity), the supine position of the patient, and the extent of 
venovenogenesis or hypertrophic changes that go on in the devel- 
opment of the intrahepatic collateral circulation as they change 
over a period of time. 

I would urge the authors to follow up these patients very care- 
fully. At the Veterans Administration Hospital, we have been able 
to follow up cirrhotic populations for years because it seems that 
eventually they end up on our wards. We have been struck, there- 
fore, by the fact that with large collateral flow patterns, as you 
saw here, ultimately these people do bleed from their varices, de- 
spite the seeming effectiveness of their natural shunts. 

So, I ask the authors: Have they followed up their patients long 
enough to be sure, in their own minds, that these static anatomical 
characteristics are truly persistent, or is this only a temporary 
demonstration of the portosystemic flow? Do they feel comfort- 
able that these patients will never bleed from varices? 

RAYMOND C. ReaD, MD,;: One of the main points about thig re- 
port is that these patients developed large abdominal shunts and 
yet they had no varices in the esophagus. I would like to point out 
that in the mechanism of getting esophageal varices, I think ob- 
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struction of the vena cava by the liver is an important point. In 
other words, these shunts were in the abdominal vena cava. Why 
didn’t they develop any varices going into the superior vena cava? 

As’Dr. Gliedman has pointed out, in a large number of patients 
with portal hypertension and bleeding varices, they do have a 


_ pressure difference between the abdominal vena cava and the su- 


perior vena cava at the liver. In some patients, Dr. McDermott has 
recently drawn attention to this in his book, and in some of these 
people, if a portacaval shunt is performed on them, they may have 
so much obstruction in the vena cava by the liver that their vari- 
ces remain. 

So, I think esophageal varices not only decompress the portal 
vein into the superior vena cava but also may decompress the ab- 
dominal vena cava into the right atrium or into the chest. I would 
like to ask Dr. Wexler whether or not in any of these patients they 


_ measured intra-vena caval pressures, and whether these were ele- 


vated? 
Dr. WEXLER: We have dealt a little with the controversy of ret- 


sh rograde portal flow in the report, however, I did not have time to 


present it. We are not really certain ourselves about this phenom- 


i enon. With our catheters initially in the extrahepatic portal sys- 
__ tem, we were able to draw them back into an intrahepatic position 


and repeatedly do contrast injections under low and high pres- 
sure. All of these patients were studied while under local anesthe- 
sia, so there was nothing to change things other than the tiny inci- 
sion and a tiny catheter in the vessel. We did observe that when 
we withdrew the catheter back into the intrahepatic portal posi- 
tion, the dye flowed retrograde down the portal vein and the pres- 
sures at this site were usually higher than pressures lower down 
in the extrahepatic portal system. We thus conclude that it must 
be retrograde flow. We did not do venous phase arteriography, but 
for several patients we did hepatic vein catheterizations, and we 
saw filling of portal radicals in the liver when the dye was injected 
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into the hepatic vein, again suggesting that there is in fact true | 
retrograde flow stemming from the sinusoidal bed in the liver. _ 
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One of the reasons we believed this technique was of great ad- 
vantage is that when others have met situations such as these __ 


with large spontaneous shunts, it was usually just these patients © B- 


who on conventional splenoportography did not opacify the portal 
vein. In every large series that is reported in the literature where 


large groups of cirrhotic patients have had splenoportography, 
there is always a small group of patients in whom you get no 


opacification of the portal vein. You then get into a controversy: Is 
it occlusion of the vein? Is it retrograde flow? Is it stagnant flow? 
In all of these cases we believed we had shown this was retrograde 
flow. 


We have not had the opportunity to repeat these dye studies on 


any of the patients. We have followed up all of them. Of the six _ 
patients we have had with massive shunts, only one has bled. That _ 


was the young girl I described who had the shunt from her coro- 


nary vein to the renal vein, and she in fact came to the hospital <M 


with gastrointestinal bleeding of undetermined site. She even- 
tually had a splenorenal shunt, and it was assumed she had bled 


from varices within the coronary vein itself, which had shunted- 


into the renal vein. 


We did not measure pressures in the inferior vena cava. In at- 


tempting to explain this phenomenon, we believe there probably 


exists a population who have the ability to open up preferentially 


these “embryonic channels,” as Dr. Rousselot referred to them. If 
they have the ability to do that, then they are in fact creating 
what we would do surgically, one big massive shunt, and these pa- 


tients do not form esophageal varices. In fact, it is a patient such © 
as this that led Dr. Dean Warren to devise his operation of distal — 
splenorenal shunt. It was a patient with a single massive sponta- 
neous shunt to the renal vein, in whom he noticed that the azygous 
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system was totally decompressed. 
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John A. Palmer, MD; William A. Brown, MD; 
William H. Kerr, MD; Irving B. Rosen, MD; Neil A. Watters, MD 


We followed up 250 patients surgically treated for hyperpara- 
thyroidism. Selective venous catheterization with radio- 
immunoassay was an effective method of preoperative local- 


- ization, but its greatest contribution was in patients needing 


reexpioration of the neck. Because of a 15% incidence of mul- 
tiple gland involvement, we tried to identify all glands, if pos- 
sible. If more than one gland was abnormal, it also was removed. 
if three or four glands were abnormal, a subtotal parathyroid- 
ectomy was done. 

Five patients showed persistent hyperparathyroidism because 
of failure to find or remove all hyperfunctioning tissue: two pa- 
tients were successfully treated at a third operation; one has not 
undergone reexploration, and two have parathyromatosis. Only 


one patient developed late recurrent hyperparathyroidism. The 


removal of a single adenoma is adequate providing the remain- 


_ ing glands are grossly and histologically normal. Hypoparathy- 


roidism is a potential, although uncommon, risk following subto- 
tal parathyroidectomy. 


nitially, hyperparathyroidism was treated by the 
identification and removal of a single adenoma. As ex- 
perience increased, it became apparent that multiple gland 
abnormalities occurred in 10% to 15% of patients and that 
it was advisable to identify the four parathyroid glands 
for consistently good results. More recently it has been 
suggested that multiple gland abnormalities may occur in 
up to 65% of patients and that recurrent hypercalcemia 
is more common than generally realized. Thus, subtotal 
parathyroidectomy has been advised for all patients with 
primary hyperparathyroidism.’ 

In an attempt to clarify a number of unsettled prob- 
lems, 250 patients treated in the University of Toronto 
hospitals from 1958 to 1973 and followed up over a 15-year 
period have been studied. Our approach to treatment in 
this group has been to identify four parathyroid glands, to 
remove abnormal glands, single or multiple, and then to 
take biopsy specimens from the remainder for positive 
identification and histological study. 
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The Surgical Aspects of Hyperparathyroidism 


Aids to Localization 


Methods of localization that have been used include bar- 
ium esophagography, thyroid scanning with sodium iodide 
I 181, parathyroid scanning with selenomethionine Se75, 
selective arteriography, staining with toluidine blue,’ 
and selective venous catheterization of the veins of the 
neck followed by radioimmunoassay of the samples for 
parathyroid hormone levels.’ 

Barium swallow, thyroid and parathyroid scanning, and 
arteriography were not helpful. The staining of parathy- 
roid glands with toluidine blue, given intravenously, is in- 
teresting and may appeal to some surgeons. However, it 
tends to alter the subtle color differences between para- 
thyroid glands, thyroid nodules, lymph nodes, and fat on 
which identification is based. 

Venous catheterization with parathyroid hormone im- 
munoassay has been substantial help in localization. This 
method was used prior to primary operation in 46 patients 
with positive localization in 80%, and prior to reexplora- 
tion in 18 patients with localization in 65%. Two patients 
had an incorrect localization due to a crossover venous ab- 
normality. This procedure is highly complex and time-con- 
suming, and is not considered necessary as a routine preop- 
erative investigation. However, it is invaluable and is 
recommended for all patients requiring secondary explo- 
rations for persistent or recurrent hypercalcemia or for 
those having had a previous thyroidectomy. In these situ- 
ations, preoperative localization to one side allows a lat- 
eral exposure to this side, thus avoiding the difficulties and 
complications of reexploration through the scarred mid- 
line.’ 


METHODS AND OPERATIVE FINDINGS 


The majority of patients had a single adenoma that was re- 
moved, and the remaining glands were successfully identified and 
biopsy specimens were taken. The finding of four glands should be 
the rule, not the exception, and was possible in approximately 90% 
of patients. If one or more of these glands were grossly abnor- 
mal, even if only slightly enlarged, or hypercellular as shown on 
frozen section, they also were removed. If three or four glands 
were abnormal, a subtotal parathyroidectomy was done with re- 
moval of three glands and a partial removal of the smallest gland 
or the gland with the easiest pedicle to preserve. This remnant 
was marked with a silver clip. A single gland remnant that has 
had a biopsy specimen taken or was partially resected for diffuse 
hyperplasia has been usually adequate to maintain calcium home- 
ostasis. X 

Single adenomas were found in 213 patients. Multiple parathy- 
roid gland abnormalities occurred in 15% of patients. Eleven had 
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Fig 1.—Fibrofatty tissue from lower part of neck and superior 
mediastinum in 63-year-old woman with primary hyperparathy- 
roidism associated with diffuse hyperplasia. Note degrees of 
nodular chief cell hyperplasia in nodules of parathyroid tissue. 
Normal parathyroid tissue not identified in either glands or nod- 
ules; no evidence of malignant neoplasm (hematoxylin-eosin, 
Original magnification x 15). 


two adenomas, 24 had abnormalities involving three or four 
glands, and were considered as diffuse hyperplasias. Two patients 
had what we have termed parathyromatosis. These patients had 
multiple nodules of hyperfunctioning tissue scattered throughout 
the fibrofatty tissues of the lower part of the neck and superior 
mediastinum. Barnes and Cope’ believe that such patients have a 
low grade parathyroid carcinoma, while others consider the mul- 
tiple nodules to be surgical implants resulting from the fragmen- 
tation of an adenoma at a previous operation. One of our patients 
had an adenoma removed in 1940 and subsequently developed re- 
éurrent hypercalcemia. Despite a number of operations in which 
the tissues in the lower part of the neck were dissected with the 
removal of multiple nodules, which were benign histologically, her 
hypercalcemia has persisted. Neither her course nor the gross or 
microscopic appearance of the nodules are suggestive of a malig- 
nant lesion. A second patient at primary operation was found to 
have a mild diffuse hyperplasia of all glands. However, scattered 
in the fibrofatty tissues of the lower part of the neck extending 
from the thyroid into the thymus were numerous microscopic nod- 
ules of hyperfunctioning parathyroid tissue (Fig 1). Despite a sub- 
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Fig 2.—Results of 250 patients followed up for 2 to 15 years. 


total parathyroidectomy and as wide a dissection of the fibrofatty 
tissues containing the microscopic nodules as seemed possible, this 
patient has remained hypercalcemic. The nature of this problem is 
unsettled and the treatment unsatisfactory. 


RESULTS 


The 250 patients have been followed up for a 2- to 15- 
year period (Fig 2). Repeated serum calcium determina- 
tions have been done at least once yearly. Only one pa- 
tient has been recognized as having developed recurrent 
hypercalcemia. This occurred four years after the removal 
of a single adenoma with a return to normal calcium levels 
for at least three years postoperatively. At reexploration 
seven years ago, an additional single adenoma was re- 
moved and she has remained normocalcemic since. 

Five patients remained hypercalcemic because of fail- 
ure to find or to remove all hyperfunctioning tissue. Two 
of these were surgically corrected at a third operation. 
The third patient has not as yet undergone reexploration 
because of minimal symptoms and a venous catheter- 
ization study that suggests a mediastinal adenoma. The 
two patients with parathyromatosis remain in satisfac- 
tory health but with persistent hypercalcemia. 

Two patients in this group have been permanently hy- 
poparathyroid following subtotal parathyroidectomy, pre- 
sumably due to infarction of the single gland remnant. 
This should rarely occur but is a potential hazard in sub- 
total resections. Two additional patients who have been 
made hypoparathyroid during the past two years are of 
interest. Both patients some years previously had had a 
total or near-total thyroidectomy, one for papillary carci- 
noma of the thyroid, the other for hyperthyroidism. Both 
were temporarily hypoparathyroid postoperatively, but 
became normocalcemic within a few weeks’ time and re- 
mained well for years until the development of renal cal- 
culi and hypercalcemia, which on investigation were due 
to hyperparathyroidism. At exploration, a single parathy- 
roid adenoma was removed in both instances with no evi- 
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g dence of other parathyroid glands. Both patients have 


_ been hypoparathyroid since. This raises the question as to 
whether or not a single gland remnant, following the 
unintentional removal of three glands or following 
planned subtotal parathyroidectomy, although adequate 
to maintain calcium homeostasis, may be under too great 
a stress and may be vulnerable to subsequent hyperplasia 
or adenoma formation. 


COMMENT 


The low incidence of recurrent hypercalcemia in this 
study is at variance with a recurrence rate of 15% to 30%, 
as stated by Paloyan et al. In a review of the litera- 
ture,*? it becomes obvious that little attention has been 
directed to recurrence rates and that even an approximate 
incidence is undetermined, and, therefore, cannot be con- 
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sidered a rationale for routine subtotal parathyroi- 
dectomy. Many patients considered to have recurrent hy- 
percalcemia have had persistent hypercalcemia due to an 
inadequate primary operation, an entirely different prob- 
lem. 

The criteria for the histological differentiation between 
adenoma and hyperplasia are being questioned, and even 
the differentiation between the normal and abnormal may 
not be precise and may vary in interpretation from one 
pathologist to another. However, we believe that the gross 
assessment of the glands in situ by the experienced sur- 
geon, with excision of those even slightly abnormal, to- 
gether with the frozen section examination of the biopsy 
specimens of all glands by the experienced surgical pa- 
thologist, provide a rational approach to the management 
of the individual problem. 
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Discussion 


EDWARD PALOYAN, MD, Hines, Ill: We began subtotal parathy- 
roidectomy as a prospective study some ten years ago when we 
noted an increased incidence of recurrence rate after the so-called 


= excision of the adenoma. 


Early in the 1960s, there were several reports of recurrence of 
hyperparathyroidism following the classic operation, where the 
adenoma was found and the other glands were not disturbed. We 
had, at that time, an incidence of 15% recurrence rate in our in- 
stitution, and since then there has been a report by Haff and Bal- 
linger of 22% in a similar situation. 

During the past ten years, essentially since 1966 (and the first 
report was by Dr. Cope), there has been a rising incidence of poly- 
glandular disease in hyperparathyroidism, which means that more 
than ene gland is either hyperplastic or adenomatous in a given 
patient. The highest incidence is in our most recent series, approx- 
imately 77%. The others range between 26% and 50%. 

It is important to distinguish three stages in the development of 
hyperparathyroidism. This was a concept developed in the late 
1920s or early 1930s. The first stage is that of diffuse hyperplasia 
of all four glands; stage 2, adenomatous hyperplasia, where a com- 
bination of hyperplasia and adenomata is seen in the same pa- 
tient; and stage 3, the singla adenoma with atrophy of the other 
three glands. This is a late stage of the disease, and most of the 
patients we see today, especially in the younger age groups (some- 
times in their teens or early 20s), are in the first two stages. 

There is an important concept that should prevail: in the early 
1920s to the 1940s, patients with Graves disease had adenomatous 
goiters. In Cushing syndrome, we saw adrenal tumors. In acro- 
megaly, we noted anterior pituitary tumors, and in hyperparathy- 
roidism, we found single adenomas. Now, in the 1970s, hyperplasia 
is the most prevalent finding in all these diseases. Furthermore, I 
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recently learned that after excision of a single adrenal gland for 
aldosteronism, there is now a 50% recurrence rate in some series. 

What should be the objective of the operative approach in a pa- 
tient with primary hyperparathyroidism? Four or more glands 
should be identified and 75 to 100 mg of well-vascularized, non- 
traumatized parathyroid parenchyma should be left in situ. This is 
exactly what Dr. Palmer and his associates have been doing. This 
corresponds to the normal amount of parenchyma among the four 
parathyroids in a normal adult. 

In our prospective study, started in 1965, we performed 150 op- 
erations. There was a single recurrence: in a patient with renal 
hyperparathyroidism. Two patients developed permanent hypo- 
parathyroidism. One patient was 85 years old at the time of para- 
thyroidectomy; she is presently in excellent health, five years af- 
ter operation. The other instance of hypoparathyroidism occurred 
after total thyroidectomy and subtotal parathyroidectomy for co- 
existing hyperparathyroidism and thyroid carcinoma. The para- 
thyroid remnant was left in situ. Today we would transplant such 
a remnant into a muscle bed, which would provide it with a better 
chance of survival and function. 

In conclusion, Dr. Palmer and his associates are identifying all 
four parathyroid glands histologically in most instances and leave, 
the patient with what I consider the desirable amount of parathy- 
roid parenchyma, ie, 75 to 100 mg. 

CHARLES A. Husay, MD, Cleveland: Surgery for hyperparathy- 
roidism is rapidly approaching thyroidectomy as the most com- 
mon neck operation in most large medical centers. In Cleveland, it 
is almost approaching epidemic proportions. As Dr. Palmer has 
pointed out, preoperative localization remains a problem for all of 
us. While selective venous catheterization with parathormone de- 
termination was helpful in some 85% of the patients he studied 
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with that modality, it is still not a technique that is widely avail- 
able te most of us. Parathormone determinations are available, 
but every now and then the physician who does ours has trouble 
with his technique and stops for a while, and we have to send our 
levels out of the city to have them done carefully. 

Arteriography is still not without risk, and requires skilled per- 
sonnel and someone who is willing to spend a lot of time getting 
the catheter in the right location. Both, however, can be very help- 
ful prior to reexploration of the neck. 

The Toronto experience with hyperplasia of the parathyroids 
has not been encountered at our own hospital, and probably repre- 
sents differences in pathologic interpretation of the parathyroids 
removed at the time of surgery. 

The diagnosis of clinical hyperparathyroidism still remains one 
best made by exclusion of all other known entities producing hy- 
percalcemia. 

I have two questions of the authors of this interesting report: 
First, how many of the patients remaining hypercalcemic after 
exploration had a diagnosis of hyperplasia made at the time of 
surgery? Second, do you have any tips to facilitate reexploration 
in the few patients remaining hypercalcemic? 

CALDWELL ESSELSTYN, Jr., MD, Cleveland: I would agree, and I 
would fortify the necessity of identifying grossly and confirming 
by frozen section all glands in each case, wherever possible, the 
extent of extirpation being dependent on the histologic and gross 
findings. Our own disenchantment with the earlier technique of 
single gland removal and the existing histopathological classifica- 
tion of hyperparathyroidism began about five years ago, and last 
year we described 100 patients who had biopsy specimens taken 
from all four glands. 

Our incidence of hyperplasia is somewhat higher than that re- 
ported by Dr. Palmer, and will probably only be resolved by each 
of our pathologists conferring. Forty-nine percent of the patients 
had overactivity of more than one gland, and 51% of the patients 
had a single gland involved. 

I would ask Dr. Palmer if he believes that until the etiologic de- 
terminants of hyperparathyroidism are clarified, whether or not a 
simpler classification might not be in order. The parathyromatosis 
reported is fascinating, and I do not understand it. In our total ex- 
perience of over 400 patients, we have seen this once in a patient 
with parathyroid carcinoma. Their persisting hypercalcemia re- 
ported is low, and we concur with venous radioimmunoassay and 
subsequent reexploration in this group of patients. 

In closing, the anatomic observation that has been most helpful 
to us is an appreciation of the common embryogenesis of the infe- 
rior parathyroid glands and the thymus. Documenting location of 
our gland findings, about 20% of our patients will have one of their 
inferior glands located within one limb of the thymus. Utilizing 
the cervical approach to thymectomy has frequently rewarded us 
with a mediastinal parathyroid. 

Occasionally, we have been rewarded with a mediastinal ade- 
noma, which is within the thymus. This approach has all but elimi- 
nated the need for mediastinotomy. It has even helped us explain 
some of our own persisting hypercalcemic patients. 

Despite the original identification and biopsy of four glands and 
removal of two, one patient remained hypercalcemic for an addi- 
tional year until at reexploration and removal of the left limb of 
the thymus we found the adenoma in the thymus. In truth, this is 
the patient’s fifth gland. 

THOMAS R. Ketty, MD, Akron, Ohio: If the pathological para- 
thyroid tissue cannot be found in the neck, a thymectomy via the 
cervical route can be readily performed and may well be reward- 
ing. We have on three different occasions found a parathyroid 
adenoma in the thymic tissue removed in this way. Median ster- 
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notomy is rarely ever necessary. 

I believe the ideal way to handle the problem is to expose all 
four glands, remove the large one and take biopsy specimens of 
the other three. If the large gland is an adenoma and the other 
three glands are normal, nothing else needs to be done. If the pa- 
thologist believes hyperplasia is present, then near total parathy- 
roidectomy is indicated. Using this method of treatment, only 
four of 89 patients followed up from 1 to 15 years have shown evi- 
dence of hypercalcemia following the first surgical procedure. The 
follow-up is a “modified cancer follow-up”: every six months for 
two years and then yearly. 

RoBerT C. Hickey, MD, Houston: I wish to present some addi- 
tional data from a background of a cancer institution, and per- 
haps have a question answered. 

We have done selective thyrocervical venous catheterizations on 
66 patients, and have correctly localized the adenoma in 60, the 
adenoma being bilateral in six (I am talking about inhouse pa- 
tients only). In this group of patients, 21 had other types of can- 
cer. We are concerned whether or not there may be an association 
with cancer in general. Certainly, there is an association within 
the various multiple endocrine abnormality syndromes that have 
been described. Another syndrome, associated with the carcinoid 
tumors, has been described by us. The question— What of the can- 
cer frequency in other sites? 

Dr. Hubay made a comment (and again I would like to have our 
senior essayist comment on it also) about an epidemic. I think per- 
haps there may be a change in incidence and I think that it is not 
entirely due to the blood chemistry studies using an automated 
multiple analysis system. 

Dr. PALMER: I find it difficult to relate our figures for multi- 
glandular disease of about 15% to those of Dr. Paloyan’s of 65%. Is 
this a true difference in incidence or is it due to variation in the 
pathologist’s interpretation of the normal and abnormal? Is it a 
functionally important abnormality or histological abnormality? 
The same sort of doubt exists in the interpretation of multicentric 
thyroid cancer, which may vary from 15% to 95%, depending on 
the pathologist. 

This matter cannot be settled at present. However, Dr. 
Paloyan’s concepts are of great interest and a stimulus to the 
study and reappraisal of what we are doing. 

In answer to Dr. Hubay’s question, the reason for persistent hy- 
percalcemia postoperatively was a failure to find an adenoma, not 
the misinterpretation of diffuse hyperplasia. The two patients 
with parathyromatosis have already been discussed. Regarding 
reexploration, I would agree with Dr. Kelly. Phlebography and 
parathormone radioimmunoassay is unnecessary in the primary 
operation, but in reexploration it is extremely helpful. If the ade- 
noma is localized to one side, it is then preferable to use a lateral 
approach to this side rather than going through the densely 
scarred midline. 

I like Dr. Esselstyn’s classification because of its simplicity. I 
have not recognized a patient with a fifth gland and doubt such an 
occurrence. When reported, it appears to be by inference only, and 
after a number of operations. I would certainly agree that most 
but not all mediastinal adenomas can be removed from the neck 
without mediastinal split. 

Finally, I would agree that there may well be an increasing inci- 
dence of hyperparathyroidism not completely explained by the ad- 
vent of blood chemical studies using an automated multiple analy- 
sis system, the greater awareness of physicians of the condition, 
and a possible association with such medications as thiazide di- 
uretics. It would appear that there has been an increasing inci- 
dence of diffuse hyperplasia during the past few years. This is an- 
other facet of this problem worth looking at. 
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A New Indication? 





S Propagating iliofemoral venous thrombosis that occurs de- 
spite adequate anticoagulation can be detected by the serial fi- 
brinogen uptake test. Twenty-three patients who were receiving 
i heparin sodium for confirmed iliofemoral thrombophlebitis un- 
= derwent the serial fibrinogen uptake test. There was an increas- 
ae: ing percentage of isotope uptake at the groin and the upper part 
_ Of the thigh in eight of these patients, three of whom subse- 
~ quently developed clinical signs, perfusion, and ventilation lung 
= Scan findings compatible with the occurrence of pulmonary em- 

bolism. The remaining 15 patients had decreasing serial fibrino- 

gen uptake during heparin therapy and no sequelas indicative of 
pulmonary embolism. 
_ Progressive thrombosis in adequately heparinized patients in- 
dicates failure of anticoagulation therapy and, when this occurs, 
_we believe that inferior vena cava interruption should be consid- 
ered before a first, but potentially lethal, pulmonary embolus de- 
_ velops. 


Ithough anticoagulation therapy is generally ac- 
cepted for the initial treatment of deep venous 
thrombosis, it occasionally fails to deter progression of 
thrombosis, and potentially lethal pulmonary embolism 
may result. Progressive thrombosis in appropriately anti- 
coagulated patients indicates a therapeutic failure, and 
operative procedure, such as inferior vena cava inter- 
ruption, should be considered to prevent imminent pulmo- 
nary embolism. In the past, incipient thrombus propaga- 
tion was difficult to detect prior to a known pulmonary 
embolism. 
Recent development of the serial '*I-fibrinogen uptake 
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Inferior Vena Cava Interruption 


Erich W. Pollak, MD; Milo M. Webber, MD; Earl F. Wolfman, Jr., MD 


test has permitted the evaluation of thrombus extension 
to the veins of the femoral area in patients maintained on 
anticoagulation therapy, thus providing an opportunity 
for effecting therapeutic changes prior to a first pulmo- 
nary embolus. 


PATIENTS AND METHODS 


Twenty-six patients with known acute deep venous thrombosis 
were subjected to repeated physical examination of the lower ex- 
tremities and chest and serial fibrinogen uptake tests. Venous 
scan, utilizing technetium Tc 99m albumin aggregates, or roent- 
genographic phlebography, or both, was also performed. All pa- 
tients were observed for a minimum of two months following 
these tests. Perfusion and ventilation lung scans were done when 
such clinical signs as dyspnea, chest pain, cough, and hemoptysis 
suggested the possibility of pulmonary embolism. 

Serial fibrinogen uptake tests were performed utilizing autolo- 
gous '*]-fibrinogen.' Sensitivity of the test at the femoral area 
was improved by decreasing background activity of surrounding 
structures. This was achieved by adequate collimation of the ex- 
ternal counter, a 30° elevation of lower extremities, and pretest 
evacuation of the urinary bladder and rectum when possible. Iso- 
tope uptake at suspected sites of thrombosis was expressed as a 
percentage of midsternal uptake. Increased percent uptake in se- 
rial tests performed at specific locations was considered a positive 
result? and was interpreted as indicative of an increasing fibrin 
deposit or active phlebitis. Anticoagulation therapy with inter- 
mittent intravenous heparin sodium in therapeutic dosages was 
administered to 24 of the 26 patients. Adequacy of heparinization 
was monitored by serial clotting time or partial thromboplastin 


time. 
ð 


RESULTS 


Venous scan utilizing technetium Tc 99m albumin ag- 
gregates, phlebography, or operation showed venous 
thrombosis in the iliofemoral area in 23 of the 26 patients. 
Using these same methods, thrombosis at a lower bevel 
was found in the remaining three patients. Moreover, all 
26 had positive fibrinogen uptake test results, indicating 
active thrombosis in their lower extremities. All 23 pa- 
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Fig 1.—Negative serial fibrinogen uptake test: left leg of patient 


with venous iliofemoral thrombosis. Decreasing uptake at all po- 
| sitions indicates good therapeutic response to heparin. 





tients with iliofemoral venous thrombosis were subjected 
| to therapeutic dosages of intermittent heparin therapy. 
G. During heparinization, active fibrin deposits decreased 
at known sites of thrombosis in 15 of these 23 patients, as 
' shown by fibrinogen uptake test measurements (Fig 1). 
| No signs or symptoms of pulmonary embolism subse- 
quently developed in any of these patients. In the remain- 
ing eight patients, the percent of ‘“I-fibrinogen uptake at 
the upper part of the thigh and at the groin continued to 
increase in spite of laboratory evidence of adequate anti- 
coagulation (Fig 2). One patient experienced severe bleed- 
ing secondary to excessive anticoagulation and required 
blood transfusion. Pulmonary embolism was suspected in 
three of these eight patients on the basis of such clinical 
findings as chest pain, dyspnea, and hemoptysis. These oc- 
curred while each was effectively anticoagulated. Pulmo- 
nary perfusion and ventilation scans were confirmatory in 
each of these three patients. 


COMMENT 


While anticoagulation is generally accepted for the ini- 
tial treatment of deep venous thrombosis, it is well known 
that it does not always arrest the disease or prevent the 
occurrence of pulmonary embolism. According to our ear- 
Jier work, patients given anticoagulants for a known pul- 
monary embolus had an 8% incidence of recurrent embo- 
lism.’ Theoretically, the incidence of pulmonary embolism 
could be reduced if failure of anticoagulant therapy could 
be detected early and another therapeutic modality used. 
Propagating thrombosis, in spite of full anticoagulation, 
is tlte earliest known sign of therapy failure prior to pul- 
- monary embolism.‘ | 

The clinical detection of propagating thrombosis has 
been unreliable since 50% of all venous thromboses ex- 


_ Arch Surg—Vol 110, Aug 1975 


wast (S 
Ce , l i 
TIR abe fares a j; pf 
abi Sin tc Li Ss ¥ ; eo 


SA ~ = a. Sø r 


PERCENT OF MIDSTERNAL UPTAKE 





. 234567 8 9 10 ui 7S 
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Fig 2.—Positive serial fibrinogen uptake test: left leg of patient 
with venous iliofemoral thrombosis. Markedly increasing uptake 
at femoral area, in spite of heparinization, indicates extending 
thrombosis. Patient developed clinical and lung scan findings 
compatible with pulmonary embolism during heparin therapy. 


tending to the upper iliofemoral sector are asymptomatic.’ 
Moreover, phlebography and venous scanning with tech- 
netium Tc 99m albumin aggregates cannot be performed 
routinely in serial fashion because of practical limitations, 
such as the unavailability of suitable leg veins and pa- 
tients’ frequent reluctance to have these tests performed.° 
The fibrinogen uptake test can be serially performed and 
allows quantification of the intensity of active fibrin de- 
posit in each instance. Earlier studies with the fibrinogen 
uptake test indicated that it was unreliable at the level of 
the upper part of the thigh and groin because the con- 
tiguous major vessels, intestine, and urinary bladder all 
contained radioactive material.’ Although determination 
of isotope uptake at these levels has limitations, these 





| 

T 

problems are not insoluble. Serial tests show that the per- S 
cent uptake increases at sites of active thrombosis while ý 
the isotope concentration in the blood stream decreases j 
because of isotope decay, biologic degradation of fibrino- | 


gen, urinary and fecal elimination, and fibrin deposit at 1 
sites of thrombosis. Consequently, the presence of con- 
tiguous isotope-containing structures becomes a minor sf 
factor in the isotope quantification when serial tests are E 
performed, since results are interpreted on a comparative l 
basis. This series of patients showed that a decreasing up- 
take of '*°I-fibrinogen at the upper part of the thigh corre- 
lated consistently with a benign clinical course. On the 
other hand, when increasing isotope uptake occurred and 
persisted, despite full anticoagulation, there was a 37% in- 
cidence of suspected pulmonary embolism (P < .05). i 

Based on these data, it is suggested that the serial fi- 
brinogen uptake test be used to monitor all patients re- n 
ceiving heparin therapy for venous thrombosis to detect È 
propagating thrombosis. Phlebography or technetium Te 
99m albumin aggregated venous scan should be performed 
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if increasing uptake at the femoral area is detected by the 
fibrinogen uptake test. If either of these two tests demon- 
strate an iliofemoral venous thrombosis, surgical inter- 
ruption of the inferior vena cava should be considered. In 
those circumstances in which the patient’s condition con- 


traindicates celiotomy, transvenous placement of intraca- 
val devices can be employed.’ 


This investigation was supported in part by contract AT (04-1) GEN-12 
between the Atomic Energy Commission and the University of California. 
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Discussion 


Maxis J. Tsapocas, MD, Albany, NY: In this interesting study, 
the authors propose new criteria for interruption of the inferior 
_ vena cava. The '“I-fibrinogen technique has already been shown 


: __ to be accurate in detecting recent thrombi in the calf, popliteal, 


and superficial femoral veins. For the more proximal veins, this 
methed has, up to now, not been considered precise. The presented 
data on this point are encouraging. It would be worthwhile to as- 


x _ sess, by more studies, the degree of accuracy of this technique 


when applied in the common femoral and iliac veins, as compared 

with carefully performed conventional phlebography. This is of 
~ partieular importance, as the authors recommend more liberal in- 
dications for interruption of the inferior vena cava based mainly 
on this test. The lung scan is known to be a valuable sereening 
procedure in detecting pulmonary embolism in the absence of con- 
commitant lung disease. However, pulmonary angiography is the 
definitive diagnostic method. The regulation of optimum dosage 
of heparin, for maximum effectiveness, is of obvious importance. 
We prefer the continuous administration of heparin with an infu- 
sion pump, the dosage being adjusted by the frequent combined 
use of activated partial thromboplastin and clotting times. I would 


= like to ask the authors if they have confirmed the presence of 


propagating proximal venous thrombosis on all their patients with 
conventional phlebography and if they have regulated the dosage 
of heparin by the combined use of activated partial thromboplas- 
tin and clotting times? 

Marion S. DEWEEsE, MD, Ann Arbor, Mich: I want to congratu- 
late the authors for describing a provocative, noninvasive diag- 
nostic technique. Although I cannot speak to their method 
directly, as I have had no personal experience with it, the use of 
seria! ‘[-fibrinogen uptake studies as a means of evaluating the 
therapeutic responses of patients with deep venous thrombosis 
does merit our consideration. 

Their data, although still limited at this point, are impressive as 
regards potential importance. The early diagnosis of deep venous 
thrombosis and of insidiously developing pulmonary emboli re- 
main diagnostic challenges that continue to plague us in spite of 
the advent and continuing refinement of pulmonary scanning 
techniques, pulmonary angiography, and peripheral phle- 
bography. 

Mest of us have been reluctant to advise the mechanistic oper- 
ative techniques unless we have convincing evidence that a par- 
ticular patient does have the capability of throwing a major em- 
bolus and that more conservative measures have failed us. The 
reasen for this is simply found in the numbers. The open methods 
of caval interruption have been associated with mortality that has 
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been variously reported from about 4% to 13%, as well as with sub- 
stantial morbidity. Conversely, the reported anticipated mortality 
in an unselected group of patients treated on a well-managed an- 
ticoagulation program is somewhat less than 2%, with an inci- 
dence of embolism of about 5%. Although the newer transvenous 
methods of interrupting the vena cava are attended by potentially 
less mortality and morbidity, a decision as to when to intervene 
remains difficult, particularly when we realize that none of the 
methods provide 100% protection against recurrent small emboli. 

As I interpret the authors’ data, their method permits us to pre- 
select those patients, approximately one third of those who have 
been placed on an anticoagulation program, who are most vulner- 
able to pulmonary emboli. Extending thrombosis does not neces- 
sarily mean embolization, but the fact that slightly more than one 
third of their patients did go on to throw a pulmonary embolus is 
convincing evidence that this noninvasive test does have prognos- 
tic value, information that should help plan next steps more ratio- 
nally and scientifically than we have been able to in the past. 

Two final questions: Dr. Pollak, were the patients preselected in 
any way? Your initial incidence of 8% embolism vs about 13% to 
14% incidence in this particular group raises some questions as to 
selectivity. 

Second, the development of occult deep venous thrombosis and 
of an unheralded massive pulmonary embolus in a patient not pre- 
viously suspected of having a venous disorder still accounts for 
most of the deaths in this area. Is the method that you described 
applicable to the screening of patients during their postoperative 
period who are in the high-risk category for thromboembolism, al- 
though not presenting clinical evidences of deep venous throm- 
bosis? 

JOHN J. BERGAN, MD, Chicago: Radioactive tags of fibrinogen 
have been available in England and on the continent for 15 years, 
but only recently have they become available in this country. That 
is why this paper is particularly important to those of us who treat 
surgical patients. 

Using '*I-fibrinogen has helped in understanding the epidemi- 
ology of venous thrombosis and its natural history, as indicated by 
this paper. My questions arise from our experience using tagged 
human albumin microspheres. We use this particular emitter be- 
cause studies on the continent showed that deep structures such as 
the iliac veins are not well imaged by "I because it is a low photon 
emitter. je 

I would ask first, how was confirmation of the progression 
of venous thrombosis obtained: by conventional contrast phle- 
bography or by isotope phlebography? 
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In our laboratory, we have studied a large number of patients 
with relatively sophisticated techniques, including microspheres, 
= Doppler ultrasound, and impedance. We only found approximately 
_ 5% anticoagulant failures, as Dr. DeWeese pointed out. Therefore, 
` we would say that the answer to the question raised by Dr. Pollak, 
~ thatis, should we interrupt the vena cava when there is evidence 
of proximal clot propagation, would be “No.” 
| More important, I would like to ask Dr. Pollak how, as tagged 
fibrinogen is now becoming available in this country, and remem- 
bering it has to be given prior to clot formation, we should, as sur- 
geons, use this diagnostic tool in our own management of surgical 
patients. 
Dr. PoLLAK: My thanks to Drs. Tsapogas, DeWeese, and Bergan 
for a very interesting discussion. 
- Roentgenographic phlebography was not performed for all pa- 
tients of this series. Those who had no phlebography had tech- 
~ netium Tc 99m albumin aggregated venous scan instead. Accord- 
ing to data we presented in the past, there is a good correlation in 
the venous iliofemoral system between the findings of roentgen- 
ographic phlebography and venous scan utilizing technetium Tc 
99m albumin aggregated particles. Radionuclide scans were bet- 
ter tolerated, followed by less complications than roentgen- 
ographic phlebography, and could be performed in some patients 
who objected to having phlebography performed. 
| As Dr. DeWeese points out, pulmonary embolism occurs also in 
patients in whom extensive thrombosis cannot be demonstrated. 
While we are lacking a uniform explanation for this fact, dis- 
lodgement of massive thrombosis and subsequent embolism can 
be an explanation in some instances, while in others, existing 
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tion. 

This series constitutes a highly selective group since it includes 
only patients with venous iliofemoral thrombosis. This explains 
the high incidence of pulmonary embolism in these patients. 


Dr. Bergan mentioned that 'I-fibrinogen should be injected be- 


fore thrombosis occurs. While we agree that this can be done, our 
findings showed that labeled fibrinogen also detects active venous 
thrombosis three or four days after its debut. Furthermore, be- 
cause of the prolonged half-life of I, it is possible to follow the 
evolution of a venous thrombosis for seven days or more after a 
single labeled fibrinogen injection; it would be very impractical to 
do such a follow-up study with daily phlebography. 

While more experience is being acquired with radionuclide 
venous studies, electric impedance, Doppler ultrasound flowmetry, 
and roentgenographic phlebography, it becomes apparent that 
they are directed toward different facets of the venous thrombotic 
process. Possibly the best results will be obtained by the use of a 
combination of methods, each one complementing the findings of 


another. Phlebography and technetium Tc 99m albumin aggre- 


gated venous scan elucidate the anatomy of the thrombus, the fi- 


brinogen uptake test detects the presence or absence of new- 


thrombus formation at suspected thrombosis sites, and electric 
impedance, strain gauge plethysmography, and Doppler ul- 
trasound flowmetry give information about the remaining blood 
flow. The question is not which method is best, but how to utilize 
most effectively the available tests to obtain a maximal amount of 
information. 
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Glucocorticoid and Antibiotic Effect on 


Experimental Gram-Negative Bacteremic Shock 


Mary Pitcairn; James Schuler, MD; Peter R. Erve, PhD; Steven Holtzman, MD; William Schumer, MD 


This study was designed to answer the three following ques- 
tions: (1) Are glucocorticoids as protective in Gram-negative 
bacteremic shock as they are in endotoxic shock? (2) Is there 
any difference in efficacy between a bacteriostatic and a bacte- 
ricidal antibiotic in bacteremic shock? (3) Does the combination 


| a _ of glucocorticoid with antibiotic potentiate the individual protec- 


tive effects of both? Bacteremia was induced in male Sprague- 
Dawiey rats by a single intravenous injection of viable Escheri- 
chia coli. The results showed that dexamethasone sodium 
phosphate alone afforded significant protection against Gram- 
negative bacteremic shock up to eight hours after challenge. The 
choice of a bactericidal vs a bacteriostatic antibiotic did not 
influence the survival rates in this study. The survival rate was 
maximal when dexamethasone was used with both ampicillin 
sodium and gentamicin sulfate. 


hen large numbers of Gram-negative bacteria 

are introduced into the blood stream, severe 
hemodynamic and metabolic derangements ensue, fre- 
quently culminating in profound shock and the death of 
the host.: The same effects are observed when animals are 
injeeted with the endotoxic lipopolysaccharide component 
of the bacterial cell wall.? The main advantage of using 
endotoxin rather than bacteria to experimentally produce 
shock is the better standardization of dosages and, theo- 
retically, a more reproducible model. Glucocorticoids have 
been shown to be effective in protecting a variety of ani- 
mals against shock induced by purified endotoxic lipo- 
polysaccharides.*°; however, these therapeutic agents 
have multiple detrimental effects on the host’s defense 
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mechanisms against infection.*’ Such effects include de- 
creased reticuloendothelial phagocytic capacity,’ inhibi- 
tion of intracellular killing of bacteria,’ retardation of 
macrophage replication, and changes in the type of host 
cellular responses at the site of infection.’ Concern exists, 
therefore, that any beneficial clinical effect derived from 
glucocorticoid therapy may be outweighed by its inter- 
ference with the host’s ability to control the infectious 
process.” We therefore attempted to determine whether 
the glucocorticoids are as protective in Escherichia coli 
bacteremia as they have been shown to be in endotoxemia. 

A bactericidal antibiotic, such as ampicillin sodium 
(AMP), inhibits the assembly of cell wall components and 
causes cell lysis in a growing bacterium. Theoretically, 
this could produce a sudden, overwhelming release of en- 
dotoxin into the blood stream that would initiate or accel- 
erate the onset of septic shock. On the other hand, anti- 
biotics that are considered to be primarily bacteriostatic, 
such as chloramphenicol sodium succinate (CHL), do not 
act on the cell wall and would therefore not be expected to 
produce this potentially deleterious effect. In the second 
part of this study, therefore, we compared the effect on 
survival of therapeutically equivalent doses of ampicillin, 
chloramphenicol, and gentamicin sulfate (GEN) as deter- 
mined for this model in the treatment of bacteremic 
shock. 

In the third part of this study, we determined the effect 
on survival of treatment with both the glucocorticoid 
dexamethasone sodium phosphate (DMP) and suitable an- 
tibiotics. 

MATERIALS AND METHODS a 
Rats 


Male Sprague-Dawley rats, weighing 100 to 150 gm, were fasted 
for approximately 18 hours. Light ether anesthesia was adminis- 
tered prior to injection of the bacterial preparation. The animals 
were then assigned to 11 experimental groups. ° 


Bacteria 
The strain of E coli used in this study was isolated from the 
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blood culture of a septicemic patient. It was found to be sensitive 
to ampicillin, gentamicin, and chloramphenicol by standard disk 
sensitivity methods. Cultures were maintained on agar slants kept 
under refrigeration and transferred biweekly. A suspension of vi- 
able organisms in the logarithmic growth phase was prepared as 
follows: 2 ml of a six-hour culture of E coli in brain heart infusion 
broth was inoculated into 500 ml of brain heart infusion broth and 
incubated at 37 C for 15 hours. This culture was then centrifuged 
at 10,000 g for eight minutes, and the residue was washed three 
times with sterile 0.9% saline solution. The resultant bacterial pel- 
let was resuspended in 20 ml of sterile normal saline. The total 
number of organisms per milliliter of suspension was counted 
directly with a bacteria counter. The number of colony-forming 
units per milliliter was determined by a standard pour-plate tech- 
nique. The total number of bacteria per milliliter of suspension 
was closely reproducible from experiment to experiment, aver- 
aging 4.3 + 0.51 10" organisms per milliliter. The number of col- 
ony-forming units per milliliter of suspension ranged from 
1.60 x 10° to 3.95x10*° organisms per milliliter. This variability 
was attributed to the clumping of bacteria that occurs in such con- 
centrated suspensions. The degree of clumping affects the number 
of colony-forming units when variability is determined by the 
pour-plate technique. Taking into account the extent of clumping 
estimated by direct microscopic examination, we estimated that 
60% to 80% of the bacteria were viable. Preliminary studies 
showed that a dose of 2x 10" organisms per 100 gm body weight 
was uniformly lethal to the rat within 20 hours. This dose, diluted 
with normal saline to a total volume of 1 ml, was injected into each 
animal via the lateral tail vein. 


Antibiotics 


The minimum bactericidal concentration (MBC) of ampicillin 
sodium for the Æ coli used, as determined by the tube dilution 


Table 1.—Survival of Endotoxemic Rats Treated With 
Antibiotic or Steroid or Both 


Survival Rate 


















20 hr 
0% (0/29) 


8 hr 
14% (4/29) 


Treatment 
Control 













DMP 83% (24/29) * 28% (8/29) * 
AMP 43% (10/23) * 22% (5/23) 

GEN 54% (13/24) * 42% (10/24) * 
CHL 35% (8/23) 9% (2/23) 

AMP + GEN 52% (12/23) * 39% (9/23) * 
AMP + DMP 91% (21/23) * 61% (14/23)* 
CHL + DMP 83% (10/12) * 83% (10/12) * 
GEN + DMP 91% (20/22) * 73% (16/22) * 
AMP + GEN + DMP 100% (21/21) * 86% (18/21) * 






AMP + CHL + DMP 


P <.05 (compared with control) 


85% (17/20)* 60% (12/20) * 








Table 2.—Survival of Endotoxemic Rats Treated With 
Larger Doses of Ampicillin 






Survival Rate 









Dosage of AMP, 

Treatment mg/kg 8 hr 20 hr 
AMP 3.12 40% (10/23) 22% (5/23) 
AMP 5.60 50% (5/10) 40% (4/10) 
AMP + DMP 3.12 91% (21/23) 61% (14/23) 
AMP + DMP 5.60 80% (8/10) 60% (6/10) 
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method, was 3.12ug/ml; the MBC of gentamicin sulfate was 6.24yg/ 
ml. The minimal inhibitory concentration of chloramphenicol so- 
dium succinate was 6.24ug/ml; that of gentamicin sulfate was 
3.12ug/ml. The MBC of chloramphenicol sodium succinate was 
greater than 100ug/ml. The doses of ampicillin sodium and gen- 
tamicin sulfate were determined for each animal by multiplying 
its weight in grams by the MBC; that is, 3.12 mg/kg of ampicillin 
sodium and 6.24 mg/kg of gentamicin sulfate. Chloramphenicol 
sodium succinate was administered at a dose of 100 mg/kg. An ad- 
ditional group of rats recieved gentamicin sulfate at a dose of 3.12 
mg/kg. Since the dose of ampicillin sodium calculated in this man- 
ner was somewhat lower than that used clinically," two additional 
groups of rats received either 5.60 mg/kg of ampicillin sodium 
alone or 5.60 mg/kg of AMP+ DMP. 

Penicillin G potassium (PEN) and streptomycin sulfate 
(STREP), to which the Æ coli used in this study was resistant, are 
similar to ampicillin and gentamicin, respectively, in both chem- 
ical structure and mechanism of antimicrobial action. These anti- 
biotics were given to additional control groups, both alone and in 
combination with dexamethasone, to demonstrate that the effects 
of ampicillin, gentamicin, or chloramphenicol observed in this ex- 
periment were actually due to their antimicrobial action rather 
than to some nonspecific action attributable to their structure or 
chemical composition. The dose of streptomycin sulfate was 4 
mg/kg and that of penicillin G potassium was 16 mg/kg." 


Dexamethasone 


Dexamethasone sodium phosphate was administered at a dose 
of 1 mg/100 gm body weight. This dose has previously been shown 
to protect rats against shock induced by purified endotoxin." 


Treatment 


Ten experimental groups received the following treatment regi- 
mens: (1) DMP; (2) AMP; (3) GEN; (4) CHL; (5) AMP + GEN; (6) 
CHL + DMP; (7) AMP + DMP; (8) GEN + DMP; (9) AMP +CHL+ 
DMP; and (10) AMP+GEN+DMP. An 11th group served as an 
untreated control. All drugs were given via the lateral tail vein 
immediately after injection of the bacteria. The number of 
survivors was recorded eight hours after challenge and again at 20 
hours after challenge. (Two rats that died within 30 minutes after 
injection were eliminated from the study, since such early deaths 
were ascribed to causes other than bacteremia, such as the acute 
stress of anesthesia.) The Fisher exact probability test was used to 
statistically evaluate differences in survival between the treated 
and untreated groups." 


RESULTS 


Table 1 reveals that survival was significantly greater 
in all groups that received dexamethasone (DMP, AMP+ 
DMP, CHL+DMP, GEN+DMP, AMP+GEN+DMP, 
and AMP+CHL+DMP) than in those that did not (con- 





Table 3.—Survival of Endotoxemic Rats Treated With 
Streptomycin or Penicillin With and Without 
Dexamethasone 







Survival Rate 
8 hr 20 hr 






Treatment 







STREP 14% (1/7) 0% (0/7) 
PEN 14% (1/7) 0% (0/7) 
STREP + DMP : 86% (6/7) 14% (1/7) 






PEN + DMP 86% (6/7) 14% (1/7) 
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trol, AMP, GEN, CHL, and AMP+GEN). In the groups 
that received both antibiotic and dexamethasone 
(AMP+DMP, CHL+DMP, GEN+DMP, AMP+GEN+ 
DMP, and AMP+CHL+DMP), the survival rates were 
higher than in any corresponding group that received an- 
tibiotic alone. 

The differences in survival among the three groups that 
received either ampicillin, gentamicin, or chloramphenicol 
were not statistically significant at eight hours. Further- 
more, the differences in survival among the groups that 
received these antibiotic treatments with dexamethasone 
were also not statistically significant at either eight or 20 
hours (P =.10). Therefore, it is evident that the bacterici- 
dal ampicillin and the bacteriostatic chloramphenicol, with 
or without dexamethasone, are equally effective in in- 
creasing the survival rate at eight or 20 hours over the un- 
treated controls at the doses evaluated. 

Interestingly, the survival at eight hours was consid- 
erably higher in the group that received dexamethasone 
alone than in any of the groups that received only anti- 
bioties. 

Ampicillin (Table 2) was also tested at higher doses, 
both by itself and in combination with dexamethasone. 
When administered by itself, ampicillin caused no signifi- 
cant change in survival (P = .70). 

In the groups given streptomycin or penicillin (Table 3), 
survival rates were the same as in the untreated control 
group. In the groups given penicillin or streptomycin with 
dexamethasone, survival was essentially the same as in 
the group that received dexamethasone alone after both 
eight and 20 hours. 


COMMENT 


The first part of this study was designed to determine if 
glucocorticoids are as effective in the treatment of Gram- 
negative bacteremic shock as they have been shown to be 
in endotoxic shock. Glucocorticoids have been shown to 
compromise several of the host’s defense mechanisms 
against infection; therefore, they may be less effective in 
the treatment of bacteremic shock. Clinical studies of the 
use of glucocorticoids in septic shock have produced 
equivocal results. For example, Lillehei and associates” 
found that the administration of a single, massive dose 
(30 mg/kg) of methylprednisolone sodium succinate early 
in shock was clinically beneficial. Klastersky and Cappel, 
on the other hand, studied the use of betamethasone, a po- 
tent synthetic glucocorticoid that is closely related to 
dexamethasone. They reported that this agent, given at a 
dose of 0.5 mg/kg twice daily for three days, had no sig- 
nificant effect on survival and that infection was more dif- 
ficult to control in patients treated with this drug. How- 
ever, recent reports by Webel and coworkers" and Olds 
and associates have shown that a high, but clinically 
achievable concentration of methylprednisolone or hydro- 
cortisone given in a single dose had no effect on either 
phagocytosis or leukocytic intracellular killing capacity. 
Detrimental effects on the host defense mechanisms oc- 
curred only with doses that were considerably higher than 
those clinically advocated.'* The precise manner in which 
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glucocorticoids protect against endotoxin challenge re- 
mains to be clarified. The ability of these agents to stimu- 
late hepatic gluconeogenesis,’ to maintain the integrity 
of cellular membranes,” and to promote’ adequate tissue 
perfusion” during endotoxemia is presently under inten- 
sive study. | 

In our results presented in Table 1, all groups receiving 
dexamethasone with or without concomitant antibiotic 
treatment showed significantly increased survival rates in 
the first eight hours after challenge, as compared with the 
untreated controls. In the group receiving dexamethasone 
without effective antibiotic cover, however, the survival 
rate decreased substantially 20 hours after challenge. This 
result was interpreted as follows: both viable bacteria and 
bacterial debris containing endotoxin were injected at the 
time of challenge; dexamethasone prevented the path- 
ophysiological effects specific to endotoxin; hence, there 
was a dramatic improvement in the survival rate of the 
dexamethasone group at eight hours compared with the 
untreated group. As the viable bacteria continued to mul- 
tiply, however, a new source of endotoxin was continually 
generated from bacterial cells, which were undergoing ei- 
ther autolysis or exocytosis from the host’s reticulo- 
endothelial cells that phagocytize and kill bacteria. Con- 
comitantly, the dexamethasone was being metabolized 
and its effective level was declining. Thus, in the absence 
of adequate antibiotic cover, a point in time was reached 
at which the remaining level of glucocorticoid was in- 
sufficient to counteract the ever-increasing level of endo- 
toxin. This interpretation was supported by the results 
that occurred in the groups receiving both dexamethasone 
and antibiotic (AMP + DMP, GEN + DMP, CHL + DMP, 
AMP+GEN+DMP, and AMP+CHL+DMP). The sur- 
vival rate of 20 hours was more than twofold greater than 
that of the group that received dexamethasone alone. In- 
deed, in the AMP+GEN+DMP group, survival at 20 
hours (86%) was more than threefold greater than in the 
dexamethasone group (28%). These results indicated the 
ability of these antibiotics to impede bacterial multiplica- 
tion and thereby reduce the degree of endotoxemia. 

The failure to administer an effective antibiotic may 
have caused complications other than those associated 
with the release of endotoxin. For example; the unbridled 
growth of bacteria in the blood stream could conceivably 
cause multiple microemboli due to bacterial aggregation. 
This may have contributed to the increased mortality at 
20 hours in the group receiving dexamethasone alone. 

In our study, there was no statistically relevant differ- 
ence in survival at eight hours among the groups receiv- 
ing ampicillin, chlorophenicol, or gentamicin. The slightly 
lower survival rates that occurred in the AMP- and CHL- 
treated groups (AMP, AMP+DMP, CHL, and CHL+ 
DMP), compared with the GEN-treated groups (GEN and 
GEN+DMP) are most likely attributable to the more 
rapid rates of metabolism and excretion of AMP and 
CHL." , 

Interestingly, ampicillin and gentamicin at comparable 
doses were equally effective in enhancing survival rates in 
this study, even though different mechanisms of action 
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are ascribed to these two agents. Ampicillin, like other de- 
rivatives of penicillin, exerts a bactericidal effect by inter- 
fering with the formation of the mucopeptides that are 
needed in the synthesis of cellular walls; hence, the grow- 
ing bacterial cell is rendered susceptible to lysis. Gen- 
tamicin, on the other hand, interferes with protein syn- 
thesis at the ribosome by causing a misreading of the 
genetic code, in the manner of aminoglycosides." Gen- 
tamicin differs from other aminoglycosides, however, in 
that it causes a more extensive misreading so that a bac- 
tericidal effect occurs rather than the usual bacteriostatic 
effect of these agents. 

The need to use a large dose of chloramphenicol to 
achieve a protective effect comparable with that of gen- 
tamicin or ampicillin at eight hours presumably reflected 
chloramphenicol’s more rapid rates of metabolism and ex- 
cretion.’ At 20 hours, however, it was less effective in pro- 
longing or enhancing survival compared with the other 
two antibiotics. Again, this difference probably reflected 
the shorter half-life of chloramphenicol. Of considerable 
interest was the high survival rate in the group receiving 
CHL+ DMP: with this treatment, the survival rates were 
comparable to those in the groups receiving AMP+DMP 
and GEN + DMP. 

To assess whether a bacteriostatic dose of gentamicin 


sulfate (minimal inhibitory concentration of 3.12ug/ml) is 
protective, eight animals were given 3.12 mg/kg at the 
time of challenge. The 63% survival rate in this group was 
not significantly different from the 54% survival rate in 
the group receiving gentamicin at the higher dose (P 
< .30). 

The maximum survival rate at both eight and 20 hours 
occurred in the groups given both dexamethasone and an- 
tibiotics (AMP + DMP, GEN + DMP, CHL + DMP, AMP + 
GEN + DMP, and AMP+CHL+ DMP). These results indi- 
cated that appropriate antibiotic therapy is important in 
the evaluation of the effectiveness of glucocorticoids in 
treating Gram-negative bacteremia. Thus in evaluating 
future clinical studies of the efficacy of glucocorticoids in 
septic shock it is important that the administration of an- 
tibiotics be carefully documented, that sensitivity infor- 
mation be included, and that the time at which treatment 


began in relation to the onset of sepsis be recorded. Such 


considerations as these may aid in resolving the contro- 
versy over the clinical efficacy of glucocorticoids in the 
treatment of Gram-negative septic shock. 


Ronald Lee Nichols, MD, and Jeffrey Smith, MS, provided both technical 
assistance and advice in this study. 
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The Role of Definitive Surgery 





- Perforated Duodenal Ulcer Disease 


ae 


John R. Kirkpatrick, MD 


SS 


2 From 1970 to 1973, 147 patients were treated at Wayne State 
= University Affiliated Hospitals for perforated duodenal ulcer dis- 
ease. One hundred thirteen were observed for at least 18 months 
= and findings showed that (1) mortality was dependent on the 
= Condition of the patient rather than on the choice of operation, 
= (2) current indications (previous ulcer history, degree of peri- 
2 ES toneal contamination, and time interval between perforation and 
= Surgery) were not reliable in choosing the initial operation or in 
= predicting the need for subsequent surgery, and (3) morbidity 
= was high following simple closure. Therefore, we recommend 
= vagotomy and pyloroplasty as the procedure of choice for a per- 
= forated duodenal ulcer, unless the patient is in septic shock at 
= admission. 


~ oe 


oa U ntil recently, the undisputed method for man- 
aa agement of a perforated duodenal ulcer has been 
~ closure with an omental patch as described by Roscoe Gra- 
ham, MD, in 1937. Many authors** now recommend a de- 
= finitive operation for only those patients with chronic ul- 
= cer symptoms, minimal peritoneal contamination, and a 
= perforation of less than eight hours’ duration. 
= Disenchantment with this approach has raised the ques- 
~ tion of whether the perforation itself should be considered 
___ an indication for a definitive operation. An affirmative an- 
= swer to this question requires proof that mortality de- 
_ pends on the patient’s condition rather than on the choice 
= of operation and that indications currently used in select- 
BES.. ing patients for a definitive operation are often not re- 


a PATIENTS AND METHODS 


One hundred forty-seven patients with perforated duodenal ul- 
___ cer disease were treated by the attending and resident staff at the 
= Wayne State University Affiliated Hospitals between 1970 and 
= 1973. Their charts were retrospectively reviewed to obtain appro- 
ae priate epidemiologic information, including age, sex, and race, 
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and certain clinical data, such as the presence of free air and the 
preoperative accuracy in diagnosis. Charts of 113 patients with a 
verified 18-month follow-up were then analyzed to determine the 
choice of operation, survival, and the outcome of the case. Recom- 
mendations and conclusions were drawn only from this group. 

The amount of gastric spillage listed on the operative report 
was used as the quantitative measurement of the degree of peri- 
toneal contamination. The time interval between perforation and 
operation was categorized as early (less than eight hours) or late 
(more than eight hours). Previous ulcer symptoms were defined as 
(1) no previous symptoms, (2) symptoms lasting less than six 
months, (3) symptoms lasting more than six months, and (4) 
symptoms not determined. 

The patient’s condition at the time of admission was character- 
ized as (1) shock: systolic blood pressure, < 90 mm Hg; pulse rate, 
> 120 beats per minute; and failure to respond appropriately to ini- 
tial resuscitation; (2) severe sepsis: pulse rate, >120 beats per min- 
ute; temperature, >38.9 C (102 F); white blood cell (WBC) count 
>15,000/cu mm; and generalized peritonitis on physical examina- 
tion; (3) moderate sepsis: pulse rate, >100 beats per minute; tem- 
perature, >38.3 C (101 F); WBC, >15,000/cu mm; and no signs of 
generalized peritonitis; and (4) mild sepsis: pulse rate, < 100 beats 
per minute; temperature, < 38.3 C (101 F); WBC, < 15,000/cu mm; 
and no signs of generalized peritonitis. 


RESULTS 


Ninety-two percent of the patients in the series were 
men and 52% were black. The median age was 48 years 
(mean, 49 years) with a lower average (44 years) among 
survivors than nonsurvivors (67 years). The accuracy of 
the preoperative diagnosis was 87%, which closely paral- 
leled the presence of free air on roentgenograms (71%). 
Among patients without free air on roentgenograms, the 
diagnosis was missed more than half of the time (55%). 
Acute appendicitis was the mistaken diagnosis in all but 
two of these cases. In one instance, the patient was 
thought to have pancreatitis for five days prior to surgery 
and in the other case a perforated ulcer was discovered at 
autopsy. 

Seventy-five of the 113 patients with an 18-month fol- 
low-up were treated with omental patch and 36 under 
went a definitive operation (23, vagotomy and pyloro- 
plasty; 12, vagotomy and antrectomy; one, vagotomy and 
gastrojejunostomy). One of the two patients not operated 
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on had an unrecognized perforation that was fatal, while 
the other was managed with nasogastric suction, anti- 
biotic$, intravenously administered fluids, and gastrec- 
tomy three months later. The decision to manage this 
patient nonoperatively was predicated on his prompt re- 
sponse to medical therapy and his initial refusal of sur- 


gery. 


Factors Influencing the Choice of Operation 


The surgeons in this series did not seem to utilize the 
degree of peritoneal contamination as an aid to their 
choice of operation. Some patients with small quantities 
(<100 ml) of gastric spillage had omental patch, while 
others with large volumes (>1,000 ml) had a definitive 
procedure. The one exception to this was the presence of a 
preexisting abscess. This occurred in three patients where 
a substantial preoperative delay (more than two days) was 
present. All were managed by omental patch. The time in- 
terval between perforation and surgery also did not seem 
to influence the choice of operation. Among patients with 
both an early perforation and minimal contamination, a 
definitive operation was performed less than half the time 
(48%). 

The correlation between previous symptoms (Table 1) 
and the choice of operation was also poor. The likelihood of 
a patient having a Graham patch was almost identical, re- 
gardless of whether he had no symptoms (76%), symptoms 
lasting less than six months (77%), symptoms lasting more 
than six months (54%), or no determination of symptoms 
(68%). The only time that any deviation from the average 
(68%) occurred was when the patient had chronic ulcer 
symptoms. However, even in this situation, the likelihood 


Table 1.—Reliability of Previous Symptoms in Determining 
Operative Procedure 


Definitive 
Operation 


Graham Patch 
| 


Previous 
Symptoms No. 


None 13 
<6 mo 
>6 mo 
- Not determined 
Total 


* Two patients were not operated on in total of 113 patients. 





of the patient having a definitive operation was only 
slightly higher than when no effort was made by the phy- 
sicians to obtain a previous ulcer history. 


Factors Influencing Survival 


The primary determinants of survival were the age and 
initial condition of the patient. Among the patients over 
65 years (14%), the mortality (27%) was higher than for 
the series itself (9.5%). However, since 44% (seven) of the 
elderly patients were in shock at the time of admission, 
age probably is a critical factor only as it influences the 
patient’s ability to tolerate the acute perforation. Patients 
in shock (eight) at the time of hospitalization had a grave 
prognosis (75% mortality) regardless of age or therapy. 
Eight (73%) of the 11 deaths occurred among patients in or 
near shock at admission. All died of complications related 
to sepsis, including renal, pulmonary, and hepatic failure. 
The other three deaths resulted from an unrecognized per- 
foration in one patient, an anaphylactic reaction to peni- 
cillin in another, and a duodenal fistula following vagot- 
omy and antrectomy in the last patient. 

The choice of operation did not seem to influence the 
outcome of the case. Eight deaths occurred following 
omental patch (10.7% mortality), two after a definitive op- 
eration (5.5%), and one in a patient not operated on. The 
higher mortality seen with omental patch is not signifi- 
cant when one extracts those deaths occurring in septic 
shock patients. Thus, the death rate (total deaths [11]— 
septic shock deaths [eight] from therapeutic complications 
or misdiagnosis was only 3% (omental patch, 1.5%; defini- 
tive operation, 2.8%). Vagotomy and pyloroplasty (Table 
2) was the safest of the definitive operations (no deaths in 
23 patients) and resection the unsafest (two deaths in 12 
patients). One fatality after resection resulted from 
stump leakage and the other from septic complications. 


18-Month Follow-Up 


Among the 36 patients undergoing a definitive proce- 
dure, no further surgery was required in the follow-up pe- 
riod. Two patients (6%) required antacid therapy for epi- 
gastric distress and three others (8%) complained of 
transient diarrhea, which must be presumed a sequel of 
vagotomy. 

Only 42% of the 67 surviving patients who underwent 
omental patch (Table 3) remained asymptomatic. Twenty- 
five percent required subsequent surgery, 22% further hos- 


Table 2.—Relationship of Therapy to Survival 


Shock 
Deaths No. 


Mode of Therapy > Deaths No. 


Graham patch 

Vagotomy & pyloroplasty 
Vagotomy & antrectomy 
Vagotomy & gastrojejunostomy 
Nonoperative 

Total 


Arch Surg—Vol 110, Aug 1975 


|S, iei 





Condition of Patient 
Marked Sepsis Moderate Sepsis 
Deaths No. 


Mild Sepsis 


Deaths No. Deaths 
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| Table 3.—Follow-Up After Graham Patch (Surviving Patients) 


Ant- 
acids 


Asymp- 
tomatic 


Rehospi- 
talization 


Previous 
Symptoms 


No previous 
history 5 

<6 mo 4 

>6 mo 

Not determined 

Total 


Reoper- 


ation Total 


12 
26 
19 
10 
67 


5 
4 
28 





pital care, and 11% antacid therapy for continuing ulcer 
symptoms. In correlating the reliability of symptoms that 
occurred prior to perforation with the need for subsequent 
surgery, no clear pattern emerged since 25% (three of 12) 
of the patients without prior symptoms, 28% (seven of 26) 
of patients with symptoms lasting less than six months, 


and 26% (five of 19) of the patients with chronic symptoms — 


required a definitive operation within 18 months. 
COMMENT 


In May 1900, John T. Finney, MD, reported to the 
American Surgical Association on the status of perfora- 
tions of the distal part of the stomach and the duodenum. 
His series included 268 cases that had appeared in the lit- 


i -= erature from 1880 to 1900. Most had been managed by 


simple closure or gastrojejunostomy with a 48% mortality. 
The next 20 years saw a mild decrease in this extraordi- 
nary death rate and, by 1924, McCreary* was able to re- 


TA port 25 cases managed at Bellevue Hospital with a 28% 
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mortality. Graham’s' first report in 1937 included 51 cases 
managed by omental patch with only a 6.4% mortality. 
This article received wide acclaim and the operation was 
promptly adopted by most surgeons as the treatment of 
choice for a perforated duodenal ulcer. Insistence that 
omental patch in the preferred operation persists into this 
decade. Palumbo and Sharpe’ reported a series compiled 


from 1946 to 1960 in which 157 of 160 perforated ulcer pa- 


tients underwent omental patch and only three under- 
went a resection. There were no deaths, but in a 9.5-year 
follow-up on 91% of the patients, over 60% had required a 


LS subsequent definitive operation. They concluded that 


treatment of a perforated duodenal ulcer should be 
thought of in stages, with closure by omental patch as the 
first stage followed by a definitive operation if necessary. 
Among most surgeons, however, disenchantment with 
the Graham patch has led to a more selective management 
plan that stresses previous ulcer symptoms, time of perfo- 
ration, degree of contamination, and local factors as im- 
portant aids in the choice of operation. This approach has 


and Prigot,® who reported a series from Harlem Hospital, 
1958 to 1959, in which 42 patients underwent resection 
with a 2.5% mortality and 42 patients, either because*of no 
prior ulcer history or because they were poor risks, had 
omental patch with a 10% mortality. Selectivity has also 
been stressed by Pirandozzi and Hinshaw in a report 
published in 1960’ in which 75 selected patients were 
treated by vagotomy and pyloroplasty with a mortality of 
only 1.3%. 

The results of our study suggest that a further change 
in attitude is warranted. This change is based on the fact 
that perforated duodenal ulcer disease seems to follow one 
of two courses. In a small group of patients, namely those 
in shock from generalized peritonitis, the disease has a 
prohibitive mortality (75%) regardless of the mode of ther- 
apy. Management of these patients with omental patch is 
both logical and prudent. However, the more common 
course for the disease to follow is one that is character- 
istically associated with a low mortality. Therefore, in this 
situation, it is reasonable to perform the procedure that 
has the best chance of curing the ulcer, especially since the 
short-term morbidity (58%) from omental patch is sub- 
stantially higher than from a definitive operation (14%). 

Inability to visualize the posterior wall of the duodenum 
might explain the early failure rate of omental patch since 
in four (11%) of the 36 patients undergoing a definitive 
procedure, a concomitant posterior ulcer was also present. 
Psychologic factors might also account for the early fail- 
ure rate of omental patch. Since 25% of the patients with- 
out prior symptoms required subsequent surgery after 
omental patch, it is apparent that many patients are psy- 
chologically unable to accept chronic therapy after under- 
going an operation that some, no doubt, assume is cura- 
tive. 

This series confirms that in perforated ulcer disease 
mortality is determined primarily by the age and condi- 
tion of the patient rather than by the choice of operation. 
Vagotomy and pyloroplasty, however, seems the safest of 
the definitive procedures. The two deaths (17% mortality) 
occurring after resection illustrate the higher risk often 
associated with long operations that require multiple su- 
ture lines. 

Previous ulcer symptoms do not seem to be of assistance 
in choosing which patients will require a subsequent oper- 
ation after Graham patch. Therefore, it is reeommended 
that perforation alone be considered an indication for a 
definitive ulcer operation unless the patient is in septic 
shock at the time of admission. These patients, by virtue 
of their poor prognosis, should continue to be managed by 


omental patch because of its technical safety and sim- , 


been advocated by a variety of authors including Maynard plicity. 
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Discussion 


RAYMOND C. READ, MD, Little Rock, Ark: I agree with Dr. Kirk- 
patrick’s major thesis. I think we are doing too many omento- 
pexies for perforated ulcer. I believe he is mainly right, but I am 
not prepared to accept everything he said, ie, that every perfora- 
tion, given local conditions and given that the patient is not in 
shock, should be treated with a definitive operation. 

The area I am concerned about is that in his experience he finds 
that there is not any difference between the incidence of reopera- 
tion on patients who have had omentopexy regardless of the pe- 
riod of symptoms that they have had with duodenal ulcer disease 
before the perforation. We studied our own cases and found that 
about 30% had no history of ulcer disease more than three months 
before the incident of perforation. 

We observed 81 patients for a period of 1 to 25 years and found 
that about one out of four with acute perforations, ie, no previous 
history, had to have a definitive operation later, whereas more 
than half of those who had chronic duodenal ulcer disease had to 
have a vagotomy or gastrectomy for complications of ulcer. 

With the acute disease you wonder whether you should do a va- 
gotomy on the 75% who do not need elective operation. From the 
literature, there were 14 studies I was able to gather over the last 
22 years, from 1953 to 1975. The people who have studied this 
problem had results similar to ours. Only one paper, a small series 
by Hofkin in Baltimore, showed that the late incidence of reopera- 
tion was no different for the acute as opposed to the chronic perfo- 
ration. 

What we did was to recalculate our data to 18 months to make it 
comparable to his. Recalculating our data, we find that only 9% of 
patients who had so-called acute perforation in our hospital who 
were observed for 18 months had to have a definitive procedure in 
that period of time, whereas he found in his acute group that 
about 20% to 25% were reoperated on. 

Why do you reoperate on these people with “chronic” disease? 
What is the real indication? Obstruction is the major cause of re- 
operation following omentopexy for perforation, both in the short- 
term and in the long-term follow-up. This is the reason why we 
found that we had a different prospect if they perforated follow- 
ing previous disease. 

So, I would raise the question of whether we really ought to do a 
definitive operation on every patient, and in particular in the mi- 
nority who have a really very minimal history of previous disease. 
I am not sure they are the same disease. I am not sure a duodenal 
ulcer is a duodenal ulcer is a duodenal ulcer. Certainly after perfo- 
ration the acute group do much better with omentopexy than the 
chronic group. 

CHARLES F. Frey, MD, Ann Arbor, Mich: I think that, in gen- 
eral, I am in philosophical agreement with what Dr. Kirkpatrick 
said but I am not sure it is essential that we do a definitive oper- 
ation in every instance. I am not sure his data convince me of this. 
Dr. Kirkpatrick’s incidence of recurrent symptoms is higher than 
in most other reports of perforated ulcer treated by plication. I 
wonder if he is not dealing in his patient population with a very 
specialized group, and the incidence of recurrence may not be, in 
part, related to this. 

In this series that he presented there was a very high incidence 
of men and also of blacks. I suspect that because his patient popu- 
lation came from an urban ghetto, there is probably a very high 
incidence of alcoholism in this group, and I am sure this has some 
influence on the recurrence of symptoms in these patients. 

# also wonder if, in examining his data, he has looked at some of 
the criteria that were observed in the New Haven study, in which 
the group most at risk were men between 40 and 65 years of age 
who had had symptoms. I would be interested to know, in his 
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group that developed recurrences of symptoms, the percentage A i 
that fell into that age group. I would also be interested to know, in — č 
the group of patients who did not have symptoms, what percent- 
age were not men and were not in the 40 to 65 age group. M 

I was very much encouraged by the fact that the mortality in i 4 
the group Dr. Kirkpatrick studied with the definitive operation as ii 
compared to plication was no greater. ce 

LESLIE WISE, MD, St. Louis: I would like to make two comments. 
First, although I agree with the authors that probably we should 
perform emergency definitive surgery for perforated duodenal ul- 
cers more often than we are doing presently, I do not believe that | 
this paper has proved that definitive surgery is better than an 
omental patch. 3 en 

The second comment I would like to make is that Dr. Kirk- 
patrick concluded that vagotomy and pyloroplasty is the best pre- 
cedure for these patients. I do not believe he has produced the 
slightest shred of evidence to support this belief. In fact, as yoa 
know, most studies suggest that the long-term results of vagot- 
omy and pyloroplasty are slightly worse than vagotomy and gas- 
troenterostomy, vagotomy and antrectomy, or a simple Billroth M 
type partial gastrectomy. 

I believe the only way to show which is the best operation for 
these patients is to do a prospective, randomized study and then 
observe these patients for at least five years. : 

Rosert J. Lucas, MD, Detroit: I enjoyed Dr. Kirkpatrick’s pre- 
sentation, but I do not think everybody in Detroit isin agreement —__ 
with his philosophy. I would tend to agree with Dr. Frey that per- 
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haps Dr. Kirkpatrick is dealing with a group of patients who are 
either unwilling or unable to take care of themselves postopera- 
tively. a 

We have been reviewing (not for perforation but for other rea- _ 3, 
sons) the operations on duodenal ulcer that two of us have per- 
formed from 1962 through 1973, and in that group of patients we N 
have 22 who had perforation, only one of whom had a definitive 
operation, and that because he had a reperforation. Of the other 
21, two died. This would fit Dr. Kirkpatrick’s bad group of sepsis, 
peritonitis, and so on. Of the 19 we have observed, they were try- 
ing to find four of these patients when I left Detroit but still had 
not been able to. Of the other 15 patients, only three have come to 
reoperation up to the present time, and all three were operated on 
within 18 months. The others have not been operated on; and, as 
Dr. Read pointed out, two of the three were operated on for ob- 
struction. a 

It would seem, at least in our private practice experienee, 
simple closure of perforation is an effective measure of therapy. I 
do not think we are willing to change at the present time. 

WILLIAM R. CoLe, MD, Sedalia, Mo: I entered into this some 
seven or eight years ago. Dr. Dale Berkeman, at St. Louis Hospi- 
tal, decided that many of his patients, like Dr. Read’s, had evi- 
dence of obstruction at the time of closing the perforation, and he 
proposed we do a simple pyloroplasty for closure of the ulcer at 
that time, and not do a vagotomy but leave that for a second oper- 
ation if later indicated. 

We did a few and found that they went very well; but we were _ 
having to operate on some of our patients, doing a vagotomy later, 
and so have decided to try to do vagotomy concomitantly. We 
found this added very little time to the operative procedure and, 
in our short series, no morbidity. 

Since that time, in my rural private practice in Missouri, deal- 
ing largely with nonalcoholic patients, not the skid row bums but 
tough German farmers who do take care of themselves and live to — Be 
an old age, I have been routinely doing a vagotomy and pyloroplas- 
ty on all patients with perforated ulcers, and I find this is relative- 
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 altyi in doing a pyloroplasty just by simply extending the ulcer 

through the pylorus, excising a little scar tissue, and closing it. 
With that group there has been one death in a relatively small 

series of about 30 patients, and that was a patient on whom the 


i; By general practitioner had done an omental patch; it had formed an 


_ abscess, leaked, had a fistula, and I operated secondarily and did a 
vagotomy and pyloroplasty. The patient subsequently died of mul- 
tiple abscesses. 

I think it is a good procedure. We can avoid the second proce- 
_ dure, and I think it does correct some of the problems we see at 
_ primary operation, namely, obstruction. 

ALEXANDER J. WALT, MD, Detroit: I really must speak up for my 


= own constituency, the skid-row bums, the great unwashed, the 


members of the urban ghetto; and, may I remind my fellow Amer- 
icans, that constitutes a majority of us. 
I also would like to remind you that Charles Mayo is credited 


_ with saying once that experience can consist of doing the same 
_ thing wrongly over and over again. Granted what we do in sur- 
_ gery is a compound of custom, tradition, and prejudice, but be- 

cause Evarts Graham and Halsted and Charlie Johnson and so on, 


did something one way, this does not make it sacrosanct. If every 
generation does not review what it is doing critically, we are going 


~ to repeat the same tired old way of approaching things. 


Dr. Kirkpatrick started this study to see what we are doing in 


_ our particular environment. We are acutely aware that what this 


_ needs, Dr. Wise, is a randomized prospective study, and we have 
tried to set that into motion. That approach may seem obvious and 


-~ easy. When we set up to do it just a few months ago, we ran into 
all sorts of trouble, which is also the American condition of today. 


_ We obviously needed informed consent. Having gone to the Uni- 
versity committee, it becomes apparent that at 3 AM we must ex- 
F biain to our patient, whether suburban or urban, black or white, 


= richor poor, drunk or sober, “We have to operate on your perfora- 


tion. We are not sure what operation is best to do. We will draw a 


= card that will tell us. OK?” 
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While we have had some very valuable clinical results with sim- 
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ilar studies in the past (such as the abolition of the T tube in pa- 
tients with hepatic trauma), we have found such studies are ex- 
tremely difficult to institute now. The attitude at the moment is 
that we should perhaps do the wrong thing over and over rather 
than find out what may be a better way to approach a clinical 
problem. 

Dr. Kirkpatrick will close, but he did not say that vagotomy and 
pyloroplasty was better than vagotomy and antrectomy. He just 
said our recommendation at this time for our study is that we con- 
tinue to do vagotomy and pyloroplasty, and that we make no claim 
to have evidence that it is a better operation. We would like to 
set up a prospective study measuring vagotomy and antrectomy 
against vagotomy and pyloroplasty but there is difficulty in 
achieving that. 

Dr. KIRKPATRICK: First, I will reply to Dr. Cole, who is the 
wisest of the discussants since he agreed with our position. I 
thank him for his support. 

Dr. Read takes a bit of wind out of my sail. I cannot really ex- 
plain why the 18-month data that he extrapolated from his main 
series would differ so greatly from ours. 

Dr. Frey’s comment about the selection of patients is impor- 
tant. This bothered me at first, since initially the series was drawn 
only from the Detroit General Hospital; however, later, to check 
our reliability, we included other institutions, namely the Harper- 
Weber Hospital and the VA. The findings in terms of racial distri- 
bution and sex were different when Harper-Weber and the VA 
were compared with Detroit General Hospital, but the other find- 
ings were basically identical. So, I do not think there was suffi- 
cient adverse selection to skew the results. 

Dr. Wise, I think Dr. Walt has fielded most of your questions. 
The only other thing I would add about the prospective study is 
the fact that, in addition to having some legal problems in setting 
it up, I received a very nice letter from one of the residents on our 
staff. She said she could not participate in the study because I had 
taught her that vagotomy and pyloroplasty was the correct way to 
do it, and she now believed it, and anything else would go against 
her conscience. 
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A Prospective, Coded Study E 
Thomas H. Covey, MD; Laurence Sherman, MD; Arthur E. Baue, MD a 
One hundred five patients over age 40 undergoing various ma- general surgical procedures. To test this method of treat- 


jor operations were randomly divided into control and treated 
groups; all were treated by subcutaneous injection containing ei- 
ther 5,000 international units aqueous heparin sodium or a pla- 
cebo one hour prior to operation and every 12 hours thereafter 
for eight days. Deep vein thrombosis (DVT) was detected by 
daily **°I-fibrinogen injection and leg scanning, and confirmed by 
ascending phlebography. 

Both groups were comparably distributed by age, sex, variety 
of operation, incidence of previous thromboembolism, and myo- 
cardial and cerebrovascular disease. Blood loss was not in- 
creased in the treated group. Incidence of DVT was 8.6% for the 
total group, 7.5% in the heparin-treated group (four of 53), and 
9.6% in the control group (five of 52), including one control pa- 
tient with a normal scan who later had a pulmonary embolus. 


ased on experience at the University of Michigan, 
Coon and Willis' in 1959 estimated 47,000 deaths an- 
nually from pulmonary embolism in the United States. 
They also estimated that as many as 850,000 patients had 
venous insufficiency and leg ulceration at that time. Many 
techniques have been used in attempts to reduce the inci- 
dence of deep vein thrombosis (DVT) and these dreaded 
sequels, particularly in postoperative patients. In 1970 
Sharnoff and DeBlasio? reported 750 consecutive cases 
treated preoperatively and in the postoperative period by 
small doses of subcutaneously administered heparin so- 
dium, with only one death due to pulmonary embolism. 
This study suggested that small amounts of heparin 
might protect patients from thromboembolic disease with- 
out increasing the risk of hemorrhage. Subsequent inves- 
tigators,*""' using low doses of heparin in postoperative 
patients, have also shown a protective effect. Of these, 
only Kakkar et al* and Lahnbord et al’ have used a double- 
blind, prospective protocol to evaluate the efficacy of low- 
edose heparin in preventing DVT in patients undergoing 
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ment at our hospital, we designed a prospective, coded 
study to evaluate patients randomly divided into control — 
and treated groups. Patients in the treated group were 
given heparin subcutaneously, 5,000 units preoperatively 
and every 12 hours in the postoperative period; patients in 
the control group were treated similarly but given a pla- 
cebo. To ensure early detection of DVT, the '*I-fibrinogen 
uptake test (FUT) was used. This test is highly sensitive, 
compares well with phlebography, and is particularly valu- 
able for prospective studies because thrombi may be de- 
tected 24 to 48 hours prior to the appearance of clinical 
symptoms. 



































METHODS 


One hundred five patients were studied between June 1972 and 
July 1974. Patients were placed in the study after informed con- 
sent was given and permission from private surgeons was ob- 
tained. All patients in the study were over 40 years of age and all 
were having major elective operations performed under general 
anesthesia. No one with a known bleeding diathesis or iodine sen- 
sitivity was included in the study, nor was anyone included who 
was receiving anticoagulants. The patients were placed in one of 
six categories according to anticipated operative procedure: (1) 
biliary and pancreatic; (2) thoracic; (3) gastrointestinal; (4) breast, 
head, and neck; (5) gynecologic; and (6) urologic. Assignment to 
the control and the treated group within each category was 
achieved by a computer-generated list of random pairs. Entriesin _ 
each category were made chronologically according to the date of _ 
operation, and each was given a number from the randomized _ 
code. The correspondingly coded vials of medication contained ei- 
ther heparin sodium (Liquaemin) from porcine intestinal mucosa, 
1,000 units/ml, or the heparin diluent (1.0% benzyl alcohol [pre- 
servative] made isotonic with sodium chloride and pH adjusted 
with sodium hydroxide) as a placebo. The coded medication was 
injected at the time the preoperative medicine was given and ev- ie 
ery 12 hours thereafter for eight days or until discharge from the ‘a 
hospital (Figure). Injections were made deep into the abdominal oe 
wall subcutaneous tissue using a 25-gauge needle and slowly in- 
jecting 5 ml of medication. Using this technique, technicians and 
nurses noted no difference in injection site between treated and $ 
control patients. The '“I-fibrinogen was injected in the immediate 
postoperative period in the first 50 patients of the study. One half 
hour later the initial scan was performed. In the subsequent 55 pa- 
tients, ‘*I-fibrinogen was given preoperatively and the initial scan 
was performed preoperatively as well as in the immediate postop- 
erative period. All patients were scanned daily for eight days af- 
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$ _ ter operation or until the time of discharge from the hospital. 
= Patients were given a loading dose of supersaturated potassium 


iodide (SSKI) (15 drops) orally the day prior to operation and were 


aM 


per day thereafter, or supersaturated potassium iodide, 5 drops 


= orally for four weeks following operation, in order to minimize the 
= radioactive iodine uptake by the thyroid gland as a result of the 


< 
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FUT. 


The **I-fibrinogen was prepared from a single donor from a se- 
lected group of donors with no history of hepatitis and known to 


= _ be negative for both serum hepatitis antigen (HB,AG) and its an- 


E; 


<e 
b 
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tibody (anti-HB,Ag) by repeated radioimmunoassay. Boood sam- 
ples in follow-up of patients did not show HB,Ag, anti-HB,Ag, or 
elevated liver enzymes as a result of the fibrinogen. The fibrino- 


_ gen was iodinated using the iodine monochloride iodination 


method.” The final product contained 100 to 125 microcuries of 12°] 
per dose of 1 to 2 mg of fibrinogen with < 0.5 atoms of iodine per 
molecule of fibrinogen. The final product had a 95% or greater 
clottability. The scanning procedure was performed with a por- 
table isotope localization monitor. The patient was placed in a su- 
pine position with legs elevated to a constant angle by means of a 
padded wooden frame so that background radioactivity in the legs 
could be kept to a minimum. The area of maximum radioactivity 


_ over the precordia was recorded and used as a standard. The leg 


readings were read as a percentage of the heart count. Bilateral 
thigh readings were then taken at 5-cm intervals from the ingui- 
nal ligament over the course of the superficial femoral vein to the 
knee. Readings were also taken in the posterior part of the calf at 
5-em intervals from the popliteal space to the ankle, with two sep- 
arate reading locations medial and lateral to the calf to enable 
better detection of clots in the soleus venous plexus. Any localized 


-increase greater than 20% occurring over 48 hours and persisting 


s? 


for two days was read as DVT and the physician caring for the 
patient was advised that ascending phlebography should be per- 


a _ formed to confirm these findings. 
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The randomization code was not available to the investigators, 


ag _ technicians involved in monitoring, nursing staff, patient, or the 
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= brinogen half-life and fibrinogen breakdown products. Nonclot- 
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patient’s doctor, and it was broken only four times, after 25, 50, 
80, and 105 patients had completed the study. There was no at- 
tempt te control the use of postoperative ambulation, leg eleva- 
tion, or elastic stockings (procedures physicians frequently use at 


E _ this institution to prevent DVT). No specific techniques were used 


during operation for improving venous circulation to the leg. 
Blood samples were taken daily for determination of *°I-fi- 


= table fibrinogen derivatives (FRA) were determined by the 


tanned red cell hemagglutination inhibition method." Circulatory 


Thrombosis study protocol. Dots indicate times when proce- 
dures were performed on all patients. First 50 patients (dot in- 
side circle) were given 'I-fibrinogen postoperatively; second 55 
(dots with slashes), preoperatively and postoperatively. 
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fibrin variations were detected by the ethanol gelation test’ and 
by the serial dilution protamine sulfate test.” 


RESULTS e 


There were 52 patients (25 men and 27 women) in the 
control group and 53 (27 men and 26 women) in the hepa- 
rin-treated group. The range in age in the control group 
was 40 to 87 years (mean, 60 years) and in the treated 
group 40 to 83 years (mean, 59 years). Weight in the con- 
trol group ranged from 41.8 to 98.6 kg (92 to 217 lb) (mean, 
69.0 kg [152 1b]) and from 37.3 to 104.5 kg (82 to 230 lb), 
(mean, 66.8 kg [147 1b]) in the treated group. Previous his- 
tory of myocardial infarction (two control, three treated), 
congestive heart failure (four control, two treated), cere- 
brovascular accident (three control, three treated) and 
pulmonary embolism (two control, three treated) was sim- 
ilar in the two groups. There were nine patients in the 
control group who had hypertension and 13 in the heparin 
group. Two patients (4%) in the control group had varicose 
veins as compared to nine patients (17%) in the heparin- 
treated group. Twenty patients (38%) in the control group 
and 17 (32%) in the treated group were operated on for 
malignant neoplasms. Preoperative hospitalization aver- 
aged 5.4 days in the control group and 6.1 in the treated 
group. Operation time in the control group ranged from 80 
to 380 minutes (mean, 156 minutes) and from 65 to 380 
minutes (mean, 175 minutes) in the treated group. 

The distribution of patients by type of operation is 
given in Table 1. In the category of biliary and pancreatic 
operations, one of the 14 patients in the control group and 
one of the 14 in the treated group developed DVT. In the 
thoracic category (five control, five treated), no DVT was 
detected. Of the 42 patients in the gastrointestinal cate- 
gory, six developed DVT: three of 21 in the control group 
and three of 21 in the treated group. One patient in the 
control group developed bilateral calf involvement. One 
patient in the control group had normal fibrinogen scans 
throughout her hospital stay but returned to the hospital 
one month later, at which time a pulmonary embolism was 
diagnosed. Residual radioactivity was detected at the base 
of the right side of the chest posterially in the area corre- 
sponding to her abnormal lung scan. One patient in the 
heparin group undergoing colostomy closure developed 
isolated thrombi, one in the soleus venous lake and an- 
other in the midsuperficial femoral vein. This patient had 
ligation of the ipsilateral common iliac vein several 
months before as part of an operation for a gunshot 
wound of the abdomen. In the category of breast, head, 
and neck operations, none of the nine patients, (four in 
the control and five in the treated group) developed DVT. 
Likewise, the 12 patients undergoing gynecologic oper- 
ations (six in the control and six in the treated group) had 
no evidence of DVT. Of the four patients (two control, two 
treated) in the final category, urologic surgery, one of 
those in the control group developed DVT. In all cate- 
gories considered together, five of the 52 patients in the 
control group (9.6%) and four of the 53 patients in the 
treated group (7.5%) developed DVT, bringing the total 
incidence to nine of 105 (8.6%). This includes one patient 
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in the control group who was normal by FUT results but 
who developed a pulmonary embolus. 

The eight patients diagnosed initially by abnormal FUT 
results had no symptoms of DVT at the time the clot was 
detected. Only two developed leg symptoms later. One pa- 
tient’s scan became abnormal on the second postoperative 
day, but the scans of the other patients showed throm- 
boses later in the postoperative period. Deep vein throm- 
bosis of the calf (including one case with bilateral involve- 
ment) was confirmed by ascending phlebography in six of 
the eight patients (three of the four in the heparin- 
treated group and three of the four in the control group), 
and one of the six was also found to have an isolated 
thrombus in the superficial femoral vein in the midthigh. 
In one patient, diagnosis of DVT could not be confirmed 
by phlebography. Another patient with abnormal FUT re- 
sults did not have a phlebogram for confirmation since 
permission could not be obtained prior to discharge from 
the hospital. In addition to the eight patients who had ab- 
normal FUT results, six other patients were found to have 
a slow increase in radioactivity throughout one or both 
legs to an elevation of 20% over a six-day period; three of 
these patients were studied by phlebogram and were 
found to have no evidence of DVT. 

The average age of the nine patients with DVT was 63 
years, their mean weight was 66.4 kg (147 lb), and their 
mean preoperative period of hospitalization was eight 
days. Average duration of operation was 126 minutes. 
Three were women, all in the control group. Two patients 
in the treated group had previous thromboembolic disease 
and varicose veins. A third patient in the treated group 
had varicose veins. Four patients (two control and two 
treated) had a diagnosis of carcinoma. Six of the nine pa- 
tients with DVT (three control and three treated) were 
wearing elastic support stockings. 

There were 14 patients (26%) given blood transfusions 
in the treated group and ten (19%) in the control. The total 
number of units of blood given to these patients was 37 in 
the treated group and 61 in the control group. It must be 
noted, however, that 40 units were given to one patient in 
the control group who developed disseminated intravascu- 
lar coagulopathy (DIC) secondary to sepsis in the early 
postoperative period. In those patients not transfused 
there was a mean drop in hematocrit reading of 6.9% in 
the treated group as opposed to 5% in the control group. 
There was one postoperative wound hematoma in the 
heparin group and one patient in the control group had 
gastrointestinal tract bleeding on the tenth postoperative 
day. There was one death in the control group secondary 
to sepsis and DIC and one in the treated group as a result 
of hepatic failure. Two patients were excluded from the 
study because of iodine sensitivity and two others devel- 
oped symptoms of acute iodism that subsided by lowering 
the dose of iodine postoperatively. 

Fibrinogen turnover was calculated in virtually all 
patients. Complex multicomponent fibrinogen survival 
curves were noted postoperatively. In other studies on 
persons not undergoing operation, this fibrinogen prepa- 
ration had a blood half-life of 4.15 days. In our surgical pa- 
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tients, the fibrinogen preparation had a half-life of 3.0 


days in the heparin group and 2.9 days in the control 
group. No differences were found between patients with 


and without abnormal scans. High radioactivity was rou- 


tinely noted over the operative site, even in the first 4 
group, which was injected with ']-fibrinogen postopera- 


tively. 


Paracoagulation and FRA assays were performed on 


the first 50 patients. The protamine sulfate and ethanol 
gelation tests to detect fibrinogen breakdown products 
were frequently mildly abnormal but bore no relation to 


abnormal scans. No difference was found between treated 


and untreated groups or the abnormal and normal scan 
groups. The FRA titers were routinely elevated at 1/8 to 
1/32 (normal < 1/4). Again, no differences were noted be- 
tween the treated and untreated and the abnormal and 
normal scan groups. 

Although all medications taken were recorded, it was 
impossible to correlate the clinical results with drug in- 
take because of the many different medications used. In 
one instance, 50 different drugs were taken by one patient 
either immediately before hospitalization or during his 






Table 1.—Distribution of Patients by Type of Operation* 















Operation Control Treated 

Biliary and pancreatic 

Cholecystectomy 11 (1) 11 (1) 

Cholecystectomy with choledochotomy 2 1 

Cholecystojejunostomy 1 2 

14 (1) 14 (1) 

Thoracic 

Thoracotomy 2 

Segmental resection 2 

Lobectomy 1 2 

Pneumonectomy 2 


Hiatus hernia repair 


Gastrointestinal and abdominal 
Gastric Operations 




















Colectomy, segmental 





Abdominal-perineal resection 3 

Colostomy closure 1 2 (1) 

Small bowel resection 1 2 

Exploration 2 3 

21 (3) 21 (3) 

Breast, head, and neck 

Mastectomy 3 

Thyroidectomy 2 2 

Cervical laminectomy 1 

Parotidectomy 1 

rrr YP 

Gynecologic 

Abdominal hysterectomy 5 5 


Ovarian cystectomy 
Oophorectomy and sigmoid resection 


ss 






Urologic 
Cystectomy and ileal bladder 1 1 

Ileal bladder 

Radical nephrectomy 


Total 


* Numbers in parentheses represent patients who developed DVT. 
+ Normal scan; pulmonary embolus diagnosed one month later. 
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Table 2.—Incidence of Postoperatively Administered DVT Following Low-Dose Subcutaneous Heparin 









Incidence of Postoperative DVT 
Total No. by '5]-Fibrinogen Test | 
À of Patients Control % Treated % 
<~ | Kakkar et al,3 London* 53 7/27 26 1/26 4 
_ {| Kakkar et al,4 London* 78 17/39 42 3/39 8 
= | _Gordon-Smith et al,5 London* 150 21/50 42 11/100 11 
l a __ Nicolaides et al, London* 244 29/122 24 1/122 0.8 
i _ Lahnbord et al,? Sweden* 112 11/54 20 3/58 5 
a ener emi E a 9s E S 
Abernethy and Hartsuck,? United States* 125 3/62 4.8 4/63 6 
-i {| Gallus et al,!° Canadat 350 19/118 16.1 2/108 1.9 
my Williams," Londont 56 12/29 41 4/27 *15 




















é = hospital stay. Of note was the frequent use of aspirin-con- 
taining medications. Twenty-three (43%) of the heparin 
group and 24 (46%) of the control group took medication 
-containing aspirin either preoperatively or postopera- 
Si tively. By history, 11 patients i in the treated and 12 in the 
= contro! group took aspirin preoperatively. None of these 
A PS bationte developed DVT. Fifteen patients received other 
~ drugs known to alter platelet function. 


COMMENT 


aa The gross inaccuracy of clinical diagnosis of throm- 

_ boembolism and the variations in definition and no- 
. A _ menclature make for extreme difficulty in obtaining an 

= accurate epidemiologic picture of its occurrence. Recent 

studies using the '*°I-fibrinogen uptake test, the ultrasonic 
ee opier technique, and impedance plethysmography have 

TE oe accurately defined the true incidence of both symp- 

= tomatic and asymptomatic DVT." Although these tech- 

a niques have been used on a limited number of patients, 

A they have been helpful in studying groups at a high risk of 

i Aseveloping thrombophlebitis. 

The incidence of thromboembolism in postoperative pa- 
Pints varies markedly with geographic region. Recent 
studies performed on postoperative general surgical pa- 
| a tients in the metropolitan areas of England have shown a 
aa higher incidence of DVT than similar investigations in 
Canada and the United States (Table 2). 

i Nonseasonal fluctuations of DVT occur within individ- 
= ual hospitals. Abernethy and Hartsuck’ noted an incidence 
= of venous thrombosis by the *°I-fibrinogen scanning to be 

= 17% in one study, while a subsequent study indicated a 

4.8% incidence, illustrating the marked variation that may 

i piz oecur within one institution. The incidence of DVT in the 

= present study showed no apparent fluctuation during the 

two-year period. 

ss The occurrence of DVT varies with the type of oper- 

_ ation. Sigel et al,” using the ultrasonic Doppler technique, 

ey: found a much higher incidence of DVT in patients under- 

a going limb operations, vascular procedures in particular, 

as opposed to those with abdominal procedures; Rogers 
and Marter" recently reviewed their experience with 


Re 
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* Heparin, 5,000 units prior to operation and every 12 hours thereafter. 
+ Heparin, 5,000 units prior to operation and every eight hours thereafter. 
¢ Heparin, 10,000 units nine to ten hours prior to operation and 2,500 or 5,000 units every six hours after operation. 


postoperative thromboembolic disease following hip frac- 
tures and found an incidence of over 50% in untreated pa- 
tients. Although these patients appeared to be at greater 
risk of developing DVT, other postoperative groups have 
not been as well defined. In our study, although the num- 
ber of patients in each randomized group was small, the 
fact that six of the nine patients who developed DVT 
were in the gastrointestinal category is perhaps signifi- 
cant. In addition, the patient in the urologic group who de- 
veloped DVT did so after construction of an ileal conduit. 
Although the patients in three categories—thoracic; 
breast, head, and neck; and gynecologic—showed a low in- 
cidence of DVT, the reason for this in the gynecologic 
group may be that the patients were generally much 
younger than patients in the other groups studied. 

Orthopedic and vascular procedures involving the legs 
were eliminated from this study since many of them are 
done under spinal anesthesia, anticoagulants are used, 
and there is operative trauma to the leg that may cause 
falsely abnormal FUT results. Another group found to be 
at high risk, patients undergoing suprapubic prostatec- 
tomies,'*:*° were also excluded from this study since these 
patients also undergo spinal anesthesia in this institution. 

Our study reflects a low incidence of DVT. Character- 
istics of the patient population involved, including low 
average weight and high aspirin usage, may have contrib- 
uted to these results. 

Twenty-three percent of our patients were receiving 
medications containing aspirin and another 15% were re- 
ceiving other medications known to affect platelet func- 
tion. Salzman et al* found aspirin to be protective against 
DVT in patients undergoing hip arthroplasty. Butterfield , 
et al” conducted a multicenter, double-blind, randomized 
trial of aspirin in surgical patients and found no substan- 
tial difference between the treated and placebo groups. 
Further studies are needed to determine the role of aspi- 
rin in postoperative DVT. Other drugs affecting platelet 
function might have also contributed to the prevention*of 
DVT, as evidenced by our low incidence of abnormal fi- 
brinogen scans. | 

One might also explain the low incidence of DVT by 
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reason of the '°I-fibrinogen used. The radioactive fibrino- 
gen prior to injection had a 95% clottability and the clot- 
table radioactivity in vivo had a half-life comparable to 
that found by Hickman” and a shorter half-life than was 
evidenced in nonoperative patients. In the patients who 
developed thromboses, we found no increase in the postop- 
erative accelerated fibrinogen breakdown. The six pa- 
tients who developed the diffuse, nondiagnostic 20% eleva- 
tions of their scans throughout the leg were noted to have 
postoperative fluid overload or leg edema thought to be 
contributory to increasing background radioactivity. Oth- 
erwise the results of our scanning procedures were similar 
to those of other investigators. 

The use of elastic support stockings, while not con- 
trolled, did not appear to have a beneficial effect in pre- 
venting DVT. 

Heparin, when used in small doses, has been thought to 
affect platelet aggregation” and/or factor Xa inhibitor.” 
While the exact mechanism of heparin action has not been 
determined, many investigators have shown small doses 
of subcutaneously administered heparin to have some pro- 
tective effect against DVT in postoperative patients 
(Table 2). On the other hand, Abernethy and Hartsuck 
found no reduction of abnormal FUT results from small 
doses of heparin, 5,000 units administered subcutaneously 
every 12 hours, in general surgical patients. Gallus et al” 
used 5,000 units of heparin preoperatively and every eight 
hours after operation and this method reduced the inci- 
dence of DVT from 16.1% to 1.9%. However, they also 
demonstrated an increase in blood loss in their treated pa- 
tients. Several studies in hip reconstruction and fractures 
have failed to show any beneficial effect of the drug, and 
there have been sporadic reports of hemorrhage into the 
operative wound. It may well be that the protective effect 
of heparin given prophylactically must be balanced with 
the increased risk of bleeding. The present study has 
shown no increased hemorrhage in heparin-treated pa- 
tients and no beneficial effect of heparin in preventing 
DVT. Interestingly, the studies given in Table 2 show a 
comparable incidence of DVT in the treated groups (1% to 
15%), whereas the control groups vary markedly (4% to 
42%), the response to heparin therapy being more pro- 
nounced in studies with a high incidence of DVT. This 
suggests that there may be factors present in the patients 
in these studies that are responsive to heparin. At the 
present time, then, additional randomized and coded stud- 
ies are needed to clarify the benefit of heparin under dif- 
ferent treatment schedules in order to better define the 
proper dosage or frequency of administration. In addition, 
the influence of other medications, including anesthetic 
agents, not controlled in this or other studies, may be of 
importance in determining the true incidence of DVT. Fi- 
nally, there is a need for defining the relative risk of DVT 
after specific operative procedures. 


This investigation was supported by National Institutes of Health SCOR 
in Thrombosis grant 1 P17 HE 14147-01. 
The heparin (Liquaemin) sodium and the placebo that contained the 
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diluent only, used in this study, were provided by Organon, Inc. 


Charles Buckles, Robert Tucker, Joan Lee, and Larry Paskar, MD, pro- È 
vided technical assistance and James Havranek provided editorial assist- 


ance. 
Richard Aach, MD, performed the radioimmunoassay studies. 
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Discussion 


Makis J. Tsapocas, MD, M Chir, Albany, NY: The authors are to 
be commended for their impeccable randomized study. As it is 
known, very promising reports were published, mainly from the 
other side of the Atlantic, on the use of minidose heparin in the 
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hylaxis of postoperative venous thrombosis. The value of this 
| en has not yet been fully established. In Albany, we are 
_ presently engaged in a randomized study, comparing the possible 
va ue of minidose heparin to an antiaggregating platelet agent, 
feh a a age sulfate. A placebo is also given to a third 
_ group of patients. Although our work is well in progress, we can- 
Ps on not draw any conclusions at present, as the code cannot be broken 
~ until the study is completed. Bleeding attributable to the agents 
f: _ weuse has not been noted. We too, administer 5,000 units of hepa- 
i; pon subcutaneously every 12 hours. It has been claimed that if the 
= Same dose is given every eight hours it may prove more effective. 
M _ However, bleeding has been reported when this regimen was ap- 
_ plied. Although drugs may be valuable in preventing venous 
i mbosis, I believe that simple prophylactic measures, including 
FA leg elevation and early calf exercises, are also important. I would 
" A ke to ask the authors on what percent of their patients such mea- 
E. sures were applied. 
_ Ericu W. Polak, MD, Davis, Calif: First, I would like to ask 
Ta ‘Dr. Covey about the criteria used to interpret the results of the 
p iy _ FUT in their excellent study. While several criteria have been es- 
tablished i in the past, our experience was that only one was helpful 
to ) determine the presence of active venous thrombosis. This was 
e detection of i increasing percent uptake at a given position in 
PERR tests. If other criteria were used in this series, I would sug- 
4 gest review of the results, keeping our findings in mind; it is pos- 
-sible that more differences between the control group and the 
E peti group could be detected. 
_ A second reason for not obtaining substantial differences is due 
BS. rh the heterogenicity of the considered patient population. Inci- 
_ dence of thromboembolism in the surgical population of a general 
"i hospital is small. If only patients with a high risk for thromboem- 
no - bolism would be considered for the study, chances of detecting ef- 








A TEA beer ie rae a eS + a Uy 
























Peutvetioie wy a given prophylactic modality would be better. If 
any type of program of prophylaxis with low-dose heparin is to be 
implemented, it possibly will be in such a high-risk group and not 
in a whole surgical hospital population. 

I would also suggest the use of a depository form of heparin in- 
stead of aqueous heparin for studies on heparin prophylaxis. 

Dr. Covey: As to other preventive measures utilized at our hos- 
pital, basically elastic stockings are the only technique other than 
early ambulation. Of the patients in this study, 60% were wearing 
elastic stockings. Leg elevation is not routinely practiced, nor do 
we have any specific intraoperative technique to prevent throm- 
bophlebitis. 

To answer Dr. Pollak’s question about the criteria for the ab- 
normal '*]-fibrinogen scan, we have used a 20% localized increase 
of the relative rate over the heart rate that persists for 48 hours. 
We have noted six patients who had diffuse low elevations that oc- 
curred over a four- to five-day period throughout the entire leg or 
both legs. Three of these patients were studied by phlebography 
and were found to have no venous thrombosis. 

I would agree that this is a heterogeneous group. It is compared 
with a number of studies that were all done in similar fashion. We 
need to define better the risk of DVT in specific kinds of oper- 
ations, and I think this should be considered in future studies. It is 
well known that vascular operations involving the leg and oper- 
ations on the hip have a higher incidence than most other proce- 
dures. Our study indicated that there might be a relative increase 
in those patients who were undergoing abdominal operations. 
However, this certainly is not statistically significant. 

I have no information in regard to slow-absorbing heparin. 
However, I might mention that our study may differ from others 
in that our heparin was given by a 5-ml injection rather than a 
0.5-ml injection. This may account for some difference. 
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Current Surgical Management of 


Left Ventricular Aneurysm 


Hassan Najafi, MD; William S. Dye, MD; Hushang Javid, MD; 


James A. Hunter, MD; Marshall D. Goldin, MD; Cyrus Serry, MD 


One hundred thirty-two patients with ventricular aneurysm 
had cardiac catheterization, coronary angiography, and ven- 
triculography. More than 50% of the patients, in addition to aneu- 
rysmectomy, had other procedures consisting of revasculariza- 
tion, mitral valve replacement, and closure of ventricular septal 
perforation. 

The overall mortality was 10%. Aneurysmectomy alone had a 
higher mortality (9%) when compared with combined resection 
of the aneurysm and coronary bypass (5.4%). 

During a six-month to 42-year follow-up (mean, 21 months), 
seven patients died, representing a late mortality of 6%. This 
study confirms the importance of complete cardiac evaluation in 
patients with ventricular aneurysm and shows that, in spite of ex- 
tensive combined operative procedures required in more than 
50% of the patients, the results are favorable. 


he present concept for management of patients with 
left ventricular aneurysm is somewhat different than 

that practiced only several years ago. Earlier, the preoper- 
ative evaluation was confined to confirmation of the lesion 
and surgery was limited to its resection.'-* With the ad- 
vent of selective cine-coronary angiography and partic- 
ularly significant progress in surgical treatment of coro- 
nary heart disease, these patients are now studied more 
comprehensively and, consequently, combined operative 
procedures are employed when, in addition to aneurysm, 
¢ other surgically remediable conditions exist.*-° This report 
summarizes our recent surgical experience with this lesion 
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with particular emphasis on the various operative proce- 
dures employed and the results obtained. 


PATIENTS AND METHODS 


Between January 1970 and April 1974, 132 patients underwent 
surgery for left ventricular aneurysm at Rush-Presbyterian-St. 
Luke’s Medical Center in Chicago (Fig 1). There were 118 men and 
14 women, ranging in age from 33 to 80 years. Only patients with 
well-defined ventricular aneurysms who had complete preopera- 
tive evaluation consisting of (1) left and right heart catheter- 
ization, (2) selective cine-coronary angiography, and (3) left ven- 
triculography are included in this series. 

The review of clinical manifestations showed that every patient 
had had myocardial infarction, nearly 50% had had multiple in- 
farcts, the overwhelming majority (96%) had had congestive heart 
failure, and 25 patients (19%) were in failure at the time of sur- 
gery. Forty-seven patients (85%) were admitted with angina pec- 
toris. Eighteen patients (14%) had moderate to severe mitral in- 
sufficiency and four (8%) had concomitant perforation of the 
ventricular septum in addition to the aneurysm. 


Surgical Treatment 


Based on the operative procedures employed, the patients were 
divided into two groups: group 1, 64 patients who had only aneu- 
rysmectomy and group 2, 68 patients (51.5%) who had combined 
procedures. 

Of the patients who had only aneurysmectomy, 80% had antero- 
apical aneurysm secondary to occlusion of the anterior descend- 
ing coronary artery and 20% had posterior aneurysm due to occlu- 
sion of the right coronary artery or the circumflex branch. The 
majority of these patients had complete occlusion of one major ar- 
tery, resulting in transmural infarction and subsequent develop- 
ment of the aneurysm, with the other coronary arteries being nor- 
mal. Angina pectoris was uncommon in this group. Fifty-three 
patients had elective resection of the aneurysm while 11 required 
emergency aneurysmectomy for intractable and life-threatening 
congestive heart failure. Seven patients underwent surgery 
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= within 32 days from the onset of infarction because of unremit- 


ting congestive heart failure, progressive cardiogenic shock, or po- 
tentially fatal arrhythmias. 

In the combined group, coronary revascularization was the most 
common additional operation and was performed in 56 patients. 
Nearly one third of these patients were admitted with angina pec- 
toris. Right coronary bypass, performed in 28 patients, was the 
most common revascularization added to aneurysmectomy. Of the 
56 patients, 40 (70%) had single bypass and 16 (30%) had two 
bypasses. Triple coronary bypass was not done with aneu- 
rysmectomy. 

Eight patients in the combined group had mitral valve replace- 
ment and aneurysmectomy. In seven, the aneurysm was located 
posteriorly and caused papillary muscle dysfunction. In three pa- 
tients, in addition to aneurysmectomy and mitral valve replace- 
ment, one to two coronary bypass grafts were performed. In three 
patients the mitral valve was replaced through the aneurysm or 
ventriculotomy. The exposure was excellent and a Bjork-Shiley 
mitral prosthesis facilitated the operation. 

Four patients had closure of ventricular septal perforation and 
aneurysmectomy. In three, the aneurysm was located posteriorly 
and in these the perforation was repaired through the aneurysm 


or ventriculotomy. One patient, in addition, had a saphenous vein 


bypass to the anterior descending coronary artery. 


RESULTS 
Group 1: Aneurysmectomy Alone 


This group had a 9% mortality within 30 days from the 
operation. The mortality was 4% for elective resection and 
36% for emergency aneurysmectomy. In the latter group, 
the operation was done to interrupt the patient’s other- 
wise fatal course.’ Seven patients required emergency an- 
eurysmectomy within one month from the onset of myo- 
cardial infarction and they had the highest operative 


- mortality, 48%. Intra-aortic balloon pumping was not used 


preoperatively in any of these patients but was utilized 
following the operation in two patients and was unsuc- 
cessful. Considering the extent of pathologic findings and 
the extremely precarious condition of these patients, ag- 


Fig 1.—Age distribution of 132 patients who underwent left ven- 
tricular aneurysmectomy between January 1970 and April 1974. 


100 









Total - 132 
Males ~- 1/8 
Females- 14 


50 


nm 
wo 

You 

N 







NUMBER OF PATIENTS 


\ 


\ 
Ñ 


NW 


WW 








A 


N 
U 


NU 





60-69 70-79 80-89 
y YEARS 


1028 Arch Surg—Vol 110, Aug 1975 


gressive surgical management appears justifiable under 
these circumstances in spite of the high operative mortal- 
ity. This is best illustrated by one of the four survivors, a 
64-year-old man who developed an exceedingly large left 
ventricular aneurysm involving the entire anterolateral 
aspect of the left ventricle extending down to and poste- 
rior to the apex and also involving a portion of the right 
ventricular myocardium (Fig 2). This patient remained in 
profound cardiogenic shock and exhibited numerous at- 
tacks of ventricular tachycardia and two episodes of car- 
diac arrest. Emergency aneurysmectomy was performed 
on the 27th day following the onset of infarction and he 
was discharged in satisfactory condition two weeks after 


surgery (Fig 3). 
Group 2: Combined Procedures 


Aneurysmectomy and coronary bypass grafts per- 
formed in 56 patients resulted in 5.4% hospital mortality, 
substantially less than 9% mortality encountered in pa- 
tients undergoing aneurysmectomy alone. It should be 
emphasized, however, that the majority of deaths in the 
latter group occurred in patients who required emergency 
aneurysmectomy for unremitting congestive heart fail- 
ure. Included in the group of aneurysmectomy and coro- 
nary bypass grafting is the oldest patient in this series, an 
80-year-old man who was admitted with intractable con- 
gestive heart failure and angina pectoris at rest. The coro- 
nary arteriograms showed complete occlusion of the left 
anterior descending branch, diffuse disease of the cir- 
cumflex branch, and severe proximal stenosis of the right 
coronary artery. Left ventriculogram showed a large 
aneurysm. The aneurysm, which showed evidence of per- 
foration and consisted of multiple smaller false aneu- 
rysms, was excised and the right coronary artery was by- 
passed using a segment of autogenous saphenous vein. He 
has been a long-term survivor. 

Of the eight patients who had aneurysmectomy and mi- 
tral valve replacement, three died following surgery. All 
three deaths occurred in patients who, in addition, had 
coronary revascularization. Of four patients who had clo- 
sure of ventricular septal perforation and aneurysmec- 
tomy, one died. This patient was 70 years of age and was 
operated on five days after the onset of infarction and one 
day after the perforation of the ventricular septum. The 
poor quality of the tissues did not permjt proper closure of 
the defect. 

Review of the overall results indicated a 10% hospital 
mortality for the entire series. During the follow-up pe- 
riod, ranging from six months to 44 years with a mean of 
nearly two years, seven patients died, representing a late 
mortality of 6%. All of these deaths were directly related 
to progressive myocardial disability or recurrent myocar- 
dial infarction. 


COMMENT 


Aneurysm of the heart was first described by John Hyn- 
ter in 1757.8 Beck, in 1944, reported the first attempt at 
surgical treatment of left ventricular aneurysm.’ Reduc- 
tion in the size of the lesion was accomplished by plication 
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sutures taken in the femoral fascia autograft sewn to the 
adherent pericardium over the aneurysm. The patient 
died five weeks later with encephalomalacia. In 1958, 
Bailey and associates”? described survival of five of six pa- 
tients after tangential excision of postinfarction myocar- 
dial aneurysm employing a closed method with a special 
clamp utilizing a flush-out technique to remove the mural 
thrombus. Cooley et al reported on the first successful re- 
moval of a ventricular aneurysm using the heart-lung ma- 
chine in 1958.' During the ensuing years, patients with 
suspected ventricular aneurysm were studied just enough 





Fig 2.—Operative photograph showing exceedingly large left 
ventricular aneurysm after removal of laminated thrombi. This 64- 
year-old man underwent emergency aneurysmectomy on 27th 
day following myocardial infarction. 





to establish the diagnosis and the operation was limited to 
the resection of the lesion. Undoubtedly in many of these 
patients surgically correctable coronary arterial occlusive 


disease and/or other complications of the initial myocar- _ 


dial injury, such as mitral incompetence, were left un- 
treated. With increasing safety of selective cine-coronary 
angiography and left ventriculography, these patients are 
now evaluated not only to confirm the presence of the an- 
eurysm but also to assess the state of the coronary ar- 
teries, the integrity of the remaining left ventricular 
myocardium, and the mitral valve function. When fea- 
sible, other operative procedures are added to aneu- 
rysmectomy to restore as near normal cardiac hemody- 
namics as possible. In our experience, addition of coronary 
bypass grafting to aneurysmectomy has not resulted in a 
substantial increase in operative mortality. Severe mitral 
regurgitation secondary to papillary muscle rupture or 
dysfunction should be corrected by either valvoplasty" or, 
as is our preference, prosthetic replacement.” Valve re- 
pair or replacement could best be carried out through the 
aneurysm or ventriculotomy. In the presence of severe mi- 
tral regurgitation, aneurysmectomy alone does not im- 
prove mitral valve function and is most likely to be associ- 
ated with poor results.? Aneurysmectomy within one 
month from the onset of myocardial infarction was associ- 
ated with an exceedingly high operative mortality. Intra- 
aortic balloon pumping utilized preoperatively may stabi- 
lize the patient’s condition and permit surgery at a more 
opportune time. One patient in this series developed car- 
diogenic shock approximately three weeks after the onset 
of myocardial infarction, secondary to development of a 
large left ventricular aneurysm. Intra-aortic balloon 
pumping for a period of ten days resulted in restoration of 


Fig 3.—Preoperative (left) and two-week postoperative (right) chest roentgenograms of patient in Fig 2, showing remarkable decrease 


in heart size following aneurysmectomy. 
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__ satisfactory cardiac performance. He subsequently under- 
= went elective aneurysmectomy with good results. 
_ From the observations evolved in this study, it is con- 
_ cluded that patients with left ventricular aneurysm are 
~ best managed by a thorough preoperative evaluation and 
= application of an operation designed to restore as near 
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=L Cooley DA, Henly WS, Amad KH, et al: Ventricular aneurysm after 
= myocardial infarction: Surgical excision with use of temporary cardio- 
_ pulmonary bypass. JAMA 167:557-560, 1958. 
A 2. Effler DB, Westcott RN, Groves LK, et al: Surgical treatment of ven- 
tricular aneurysm: Report of ten cases. Arch Surg 87:249-257, 1963. 
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7. Najafi H, Hunter JA, Dye WS, et al: Emergency left ventricular aneu- 


GEORGE J. MAGOvERN, MD, Pittsburgh: I would like to point out 
_ what I think are some significant features in this presentation. 
= First, the manner of preparing the groups. I really think we are 
a comparing oranges to tangerines and lemons. At some points in 
~ the analysis, these are grouped together to obtain overall figures. 
= The oranges are really the 53 patients with elective aneurysm re- 
_ sections, who had a very low operative mortality. The tangerines 
are those patients who have had revascularization, with excellent 
= results. The lemons are the 23 patients who are a combination of 
__ the 11 with intractable failure, and eight with mitral valve re- 
a _ placement, and the four with acquired ventricular septal defects; 
= in that group the operative mortality ranged from 25% to 40% de- 
= pending on which group we are talking about. 

_ So, I really cannot group them all together and say there is a 
= 10% operative mortality. I think this is doing a disservice to Dr. 
= Najafi and his group, because this latter group of patients (the 
= lemons) are very difficult to handle, and the medical management 
of them generally is very poor over a short period of time. 

On the other hand, if it makes you think you can operate on that 
~ typeof patient with 10% mortality, I do not think that is so, either. 
= I would like to point out that many of our colleagues, at least in 
~ Our area, have stressed the fact that after elective aneurysm re- 

= section many people cannot show any measurable alteration in the 
_ physiologic indexes of stroke volume, cardiac output, and even 
= some left ventricular end-diastolic pressure, and the major in- 
= dication for elective repair is really arrhythmia and thrombo- 
= embolism. 
= Thedefinition of a ventricular aneurysm also is quite subjective, 
ay such as whether an orange is large or small, and that size alone is 
= very difficult to describe. This is a large group of patients. We 
have studied 5,000 patients in the past four years with cine-coro- 
E = nary angiography and have only done 50 aneurysm resections, 
= but, by our definition, we have to see paradoxical motion and clear 
= evidence that it is an aneurysm. We do not consider in that same 
= group those patients with akinetic ventricles. 
I think replacement of the mitral valve through the aneurysmec- 
~ tomy approach, which Dr. Najafi carried out in four of these pa- 
Si tients, is an imaginative one deserving of emphasis in itself, and I 
fue 
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= congratulate him on the series. 7 
= HENW J. Scorr, MD, Montreal: At McGill we have for a long 
= time learned a great deal from Dr. Najafi, and we are indebted to 
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normal cardiac hemodynamics as the individual circum- 
stances would permit. Concomitant mitral valve replace- 
ment or coronary revascularization or both should be con- 
sidered in the presence of substantial mitral regurgitation 
and favorable anatomical distribution of coronary arterial 
occlusive disease. 
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ķi; Discussion 


him for this splendid presentation today. 

I would like to ask him two questions: one of definition and one 
a small technical point. In definition, I stress again the question 
that Dr. Magovern asked: What exactly is an aneurysm? Which 
patient should be resected? We all know there are some patients in 
which the whole left ventricle is virtually an aneurysm, and they 
are only candidates for total transplant of heart or the whole 
body. 

We also have the patient who, at the other end of the spectrum, 
has a tiny area of dyskinesia, and we look at these two-dimen- 
sional shadows of a three-dimensional object and we argue with 
the cardiologists, and we often find the extraordinary situation 
that the physicians are calling it an aneurysm to be resected and 
the surgeons are saying “No.” It reminds me a little bit of Macau- 
lay’s "Horatius at the Bridge,” when those behind called ‘For- 
ward!” and those in front cried “Back!” I would love to know 
exactly what we should do in these cases. 

The technical point: Do you always use Teflon felt to buttress 
the suture line in the ventricle, or is it a dealer’s choice? 

Dr. Nasari: I think if we were to discuss 100 consecutive pa- 
tients with aortic valve replacement and nothing else, we would 
still be talking about oranges and lemons. One patient with aortic 
valve replacement faces virtually no risk while another patient 
faces 50% to 75% mortality. 

Our interest in looking at these 132 patients, who incidentally 
all had well-defined aneurysm, was to see whether comprehensive 
study followed by extensive operative procedures would alter the 
results of surgery and, if so, in what direction. We are convinced 
that addition of coronary bypass (when indicated) to aneurysmec- 
tomy is justifiable. 

In reviewing this consecutive series we could not avoid includ- 
ing patients with mitral valve replacement and aneurysmectomy. 
They were done during the same period. 

As to the definition of aneurysm, when a patient develops myo- 
cardial infarction he can take one of two courses. One is that he 
will develop a scar that has no hemodynamic consequences. That 
patient will never become a surgical candidate. Secondly, he might 
develop hemodynamic disturbance due to a well-defined aneurysm 
or ventricular asynergy. Aneurysm is a localized lesion usually 
surrounded by normal or reasonably good myocardium and is 
made up of only scar. It lends itself to proper resection. 
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Organ Preservation 


in Success of Cadaver Transplants 


Luis H. Toledo-Pereyra, MD; Richard L. Simmons, MD; Allen W. Moberg, MD; Leslie C. Olson; John S. Najarian, MD 


The long-term function of 110 cadaver kidney transplants pre- 
served by hypothermic perfusion was compared with that of 79 
fresh cadaver kidneys. The one-month failure rate was 4% in the 
perfused kidneys in contrast to a 32% one-month failure rate re- 
ported by one cooperative group. These data were again con- 
firmed in a prospective, paired study comparing perfused and 
fresh cadaver kidneys from the same donor. Thus, perfusion of 
kidneys was not harmful for cadaver transplantation. In fact, of 
83 first cadaver transplants, less than 30% of perfused kidneys 
failed in the first year. There appears to be no evidence support- 
ing the idea that bloodless hypothermic perfusion permanently 
damages human kidneys or increases the chances of rejection. 
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Sesh de kidney preservation by hypothermic pul- 
satile perfusion with cryoprecipitated plasma has 
been extensively used for transplantation with apparently 
satisfactory clinical results.'° However, the statistical 
data collected from 108 transplant centers by Clark et al® 
suggest that perfusion may lead to lower transplant sur- 
vival rate than cold storage without perfusion. They re- 
ported that 30% of 1,206 cadaver kidneys preserved by hy- 
pothermic pulsatile perfusion failed in the first month 
after transplantation. In contrast, only 20% of 479 cadaver 
kidneys preserved in Sacks or Collins solution without per- 
fusion failed in the first transplant month. | | 

Our three-years’ experience of perfused cadaver kid- 
neys does not confirm the disastrous experience of the co- 
operative group with hypothermic pulsatile perfusion. We 
observed that only 4% of 110 consecutive cadaver kidneys 
preserved by hypothermic bloodless perfusion failed in the 
first month. In this report, we analyze our experience on 
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the effect of organ preservation for cadaver transplant 


survival. 
MATERIALS AND METHODS 


From March 1968 to December 1973, a total of 189 cadaver kid- 
neys were transplanted to patients in end-stage renal failure at 
the University of Minnesota Hospitals. All patients have been fol- 
lowed up at least one year after transplantation. Seventy-nine 
kidneys were not perfused and were immediately transplanted af- 
ter removal from brain-dead cadavers with intact circulation. One 


hundred ten kidneys were preserved by hypothermic pulsatile per- 


fusion for varying periods. No kidneys were preserved by hypo- 
thermic storage without perfusion. The actuarial survival of all 
kidneys was calculated by the method of Merrell and Shulman.’ 
The kidney functional survival curves are presented in graphic 
form, including all losses either by technical failure, preservation 
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i a Fig 1.—Actuarial functional survival curves of transplanted ca- 
4 -daver kidneys at University of Minnesota. All kidney transplants 
i Be rem cadaver donors and all causes of kidney loss and death in- 
cluded. Perfused cadaver kidneys significantly better transplant 

. ag BY sirvival rate than nonperfused kidneys after one-year follow-up. 
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i ure, rejection, or patient death. Kidney function, tissue match- 
E s ing, kidney loss, warm and cold ischemia time, recipient’s age, and 
8 acute tubular necrosis were considered in the final comparison. 
_ Length of preservation, type of perfusate, and technique of har- 
E vesting were also studied in this group of kidneys. 
iy | « During one year (1971), 37 cadaver kidneys were subjected to 
oh _ prospective randomized study comparing storage by perfusion 
a "with immediate transplantation from the same donor. 
‘The technique of kidney harvest was standard in all cadaver 
es kidneys. After nephrectomy, the blood in all kidneys was washed 
"A = out with cold (4 C) lactated Ringer solution containing 10,000 
an x - units/liter of heparin sodium and 1 gm/liter of procaine hydro- 
i - chloride, until the venous effluent was clear. Kidneys that were to 
be preserved by hypothermic pulsatile perfusion were placed in 
E the Max-100 perfusion system’ at a systolic perfusion pressure of 
x 60 mm Hg; oxygen pressure (Po,), 200 mm Hg; pH, 7.4, and tem- 
~ perature of 7 C.* Cryoprecipitated plasma processed by the 
Ay method of Belzer and Kountz' with double cryoprecipitation was 
ae used as a regular perfusate. Such plasma contains normal concen- 
trations of extracellular electrolytes and an osmolarity of 280 
‘A fe mosarter phenolsulfonphthalein, ml/liter; magnesium sulfate 
50%, 2 ml/liter; regular insulin, 40 units/liter; ampicillin sodium, 1 
E i  gm/liter; and methylprednisolone, 750 mg/liter were routinely 
a added to the perfusate. Perfusion pressure, perfusate flow, blood 
i 3 gases, electrolytes, and lactic acid dehydrogenase (LDH) levels 
were determined every four to eight hours in the perfusate. All 
-kidneys with a flow of less than 1.0 ml/min/gm, a perfusion pres- 
sure of more than 90 mm Hg, levels of LDH higher than 240 
e: units/ 100 ml, and/or severe vascular or ureteral abnormalities 
H 2 were eliminated from transplantation. Transportation to our cen- 
ter ‘from other hospitals was carried out as previously described, 
: utilizing the Max 100 transport? module without interrupting per- 
_ fusion. The average perfusion time for perfused kidneys was 20 
wom T time that elapsed from the clamping of the renal artery or 
= circulatory failure in the donor until the kidney was washed free 
“Shy of blood was recorded as the warm ischemic time. The period from 
Beige 
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Fig 2.—Actuarial survival curves of all first cadaver transplants. 
Multiple transplants only exclusions. Perfused cadaver kidneys 
similar outcome as nonperfused kidneys. i 
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Fig 3.—Actuarial survival curves of ideal risk first cadaver trans- 
plants excluding transplants to juvenile diabetic recipients, neo- 
nates, and technical complications. Perfused cadaver kidneys 
similar transplant survival rate as nonperfused cadaver kidneys. 


blood washout with iced lactated Ringer solution until the moment 
of revascularization in the recipient was recorded as the cold is- 
chemia time. The unperfused cold ischemia time rarely exceeded 
15 minutes. 

Histocompatibility testing was performed on peripheral blood 
donor lymphocytes of lymph node cells removed at the time of ne- 
phrectomy. Recipient cytotoxic antibodies directed against donor 
cells were studied by the microlymphocytotoxicity method of 
Amos and associates.’ No recipient with cytotoxic antibodies to 
the donor tissue was transplanted in this series. eo) 

Surgical transplant technique, immunosuppression, and postop- 
erative treatment remained relatively constant® throughout the 
study except for gradual increases in antilymphoblast globulin 
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Fig 4.—Survival curves of perfused and nonperfused cadaver 
kidneys in randomized, prospective study of paired kidneys from 
same donor. All patients followed up at least three years. Per- 
fused cadaver kidneys similar transplant survival rate as nonper- 
fused cadaver kidneys. 


36 


dosage.*’"' Renal function was defined as that sufficient to sustain 
life and not require dialysis. Permanent reinstitution of dialysis, 
graft removal, or patient death were all considered signs of graft 
failure. 


RESULTS 


Figure 1 shows the actuarial survival rate of 110 per- 
fused and 79 nonperfused cadaver kidneys between 1968 
and 1973. The overall failure rate among the 189 cadaver 
kidney transplants at one month was 20% and 4% among 
perfused kidneys. At six months posttransplantation, the 
failure rate increased to 30% for the perfused kidneys and 
43% for the nonperfused kidneys. At the end of one year, 
35.5% of the perfused kidneys had failed, which was sig- 
nificantly lower (P=.005) than the 51.8% failure rate ob- 
tained on the fresh nonperfused kidneys. There was no 
significant (P=.1) increase in the failure rate of the per- 
fused kidneys from the first to the third year after trans- 
plantation, whereas the failure rate of the nonperfused 
kidneys considerably increased to 63.2% at the end of 
three years’ posttransplantation. 

We have previously shown that recipients of multiple 
transplants have a less favorable prognosis than recipi- 
ents of first transplants. Figure 2 shows the actuarial sur- 
vival curves of first cadaver transplants only. Perfused 
*kidneys had a better outcome than nonperfused kidneys 
even when multiple transplants were excluded. When the 
diabetic patients (who also survive less well after trans- 
plant) are excluded from the first transplant survival 
curves, perfused kidneys still survive better than fresh 
nonperfused kidneys (Fig 3). Thus, exclusion of the high- 
est risk patients does not change the relationship between 
the perfused and fresh kidneys. 

Despite all attempts at multifactorial analysis, bias 
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Fig 5.—Actuarial survival curves of first cadaver transplants 
that developed acute tubular necrosis after transplantation. Per- 
fused cadaver kidneys did as well as nonperfused kidneys. 


may be created by a gradual change in techniques with 


time. In a single year (1971) we carried out a prospective 


study comparing the long-term function of paired kidneys 


from the same donor—one kidney being transplanted 


without any storage and one stored by hypothermic blood- 
less perfusion. All of these patients have been followed up 
at least three years since transplant. Figure 4 demon- 
strates no statistical difference in the long-term function 
whether or not the kidney was perfused, even though per- 
fused kidneys appear to survive somewhat better. 

Considerable controversy exists whether or not early 
posttransplant function is of ultimate prognostic impor- 
tance. If the requirement for a single dialysis is used as 
the only criterion of acute tubular necrosis (ATN), fresh 
nonperfused kidneys had a 17.8% (8/45) incidence and the 
perfused kidneys had a 24.7% (19/77) incidence of ATN. 
There was a direct relationship between the duration of 
preservation and warm ischemia time and the appearance 
of ATN. More than 50% of the cadaver kidneys perfused 
for more than 36 hours underwent ATN. Forty percent of 
the patients transplanted with kidneys that had 10 to 20 
minutes of warm ischemia time developed ATN. Longer 
periods of warm ischemia time had a proportionately 
higher incidence of acute tubular necrosis. Figure 5 shows 
the actuarial survival curve of the first cadaver trans- 
plants that developed ATN immediately after transplan- 
tation, necessitating at least one dialysis. There was no 
significant difference in the function of perfused or non- 
perfused kidneys that developed ATN. If this figure is 
compared with Fig 3, it can be seen that ATN itself had 
no deleterious effect on long-term renal function. 

Figure 6 compared the actuarial survival curves of per- 
fused and nonperfused cadaver transplants as a function 
of HL-A antigen matching. Kidneys matched for at least 
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two HL-A antigens survived somewhat better than kid- 
= neys matched for less than two HL-A antigens. Whether a 
__ kidney was perfused or not made no difference to the re- 


_ sult when antigen matching was controlled. 
oe | COMMENT 
4 = Our data coincide with the anecdotal and published ex- 


_ perience of the majority or individual transplant centers 
= who have utilized perfusion preservation of kidneys." 
ay They demonstrate that perfusion does not permanently 
_ interfere with the adequate long-term functional survival 
_ of cadaver kidneys. On the contrary, in our overall group 
= of 189 cadaver kidneys, perfused kidneys did significantly 
_ better than nonperfused kidneys. These differences can 
BY _ probably be explained by improvements in results in re- 
= cent years in tissue typing and antilymphocyte globulin 
administration. In 1971, however, a prospective study of 
k _ paired kidneys demonstrated that the long-term function 
2 of perfused kidneys is equal to that of fresh cadaver kid- 
= neys, with which the 12th Report of the Human Renal 
_ Transplant Registry’ concurs. In their report of 4,004 ca- 
= daver kidney grafts from 288 institutions, there was no 
substantial difference in graft function between perfused 
= and cold-stored kidneys. 
= These findings are completely opposite to the ones re- 
= ported recently by Clark et al.’ They observed that the 
~ overall failure rate at one month among 1,899 cadaver kid- 
= ney transplants performed by 108 different transplant 
= centers was 29%. Fifty-four percent had failed by one 
; fs year. Our study gives completely different results. The 
=~ overall failure rate of perfused kidneys at one month was 
ý: _ 4%. Only one kidney failed apparently as a result of perfu- 
= sion failure. In fact, of first transplants undergoing perfu- 
= sion preservation, only 27% failed in the first year. 
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Fig 6.—Actuarial survival curves of first cadaver transplants comparing antigen matching in perfused and nonperfused cadaver kid- 
neys. Perfused kidneys similar transplant survival rate as nonperfused kidneys when antigen matching controlled. 


The difficulty with the study by Clark et al,' as well as 
with previous cooperative studies," is that despite the pre- 
cision in calculating the collected clinical data and apply- 
ing statistical methods, there is no precision in the accu- 
racy of recording clinical and preservation data nor is 
there consistency of clinical management. In addition, it 
is not clear whether or not poor results were generally 
achieved at centers practicing perfusions in contrast to 
better results at centers practicing cold storage alone. The 
study by Clark et al also does not control for changes in 
procedures with time, since cold storage is a relatively re- 
cent clinical procedure. When such factors as time and tis- 
sue typing are controlled at one center, perfused and fresh 
kidneys survive equally well. 

Scott and associates’? compared the results of hypo- 
thermic storage and pulsatile perfusion of cadaver kid- 
neys transplanted in four different transplant units that 
had essentially the same cadaver donor treatment, recipi- 
ent selection, and management. Although the total stor- 
age time was substantially higher for the perfused kid- 
neys, the results at 3 and 12 months posttransplantation 
were the same for both groups of kidneys. They concluded 
that perfusion for an average of 17 hours had no more 
deleterious effect than 3% hours of hypothermic storage. 
The one-year survival was 65% for perfused kidneys and 
63% for kidneys stored by hypothermia. 

The high cost of the perfusion machine and the com- 
plexities of technique involved in perfusion preservation 
are relative disadvantages in the use of this technique. 
However, the time available for tissue typing, dialysis, ad- 
equate preoperative preparation of the recipient, and the - 
capacity to continuously assess by physical and chemical 
measurements the viability of the organ during perfusion 
are real advantages of the technique. In addition, experi- 
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mental results suggest that warm ischemia is more detri- 

mental to kidneys stored without perfusion than to those 

= stored during perfusion.” The fear expressed by Man- 

i nick that perfusion may actually increase the im- 

~ munogenicity of stored kidneys appears to be ill-founded 

_ based on our data and those obtained by the Human Renal 

_ Transplant Registry.” 

Our results have no bearing on the efficacy of cold stor- 
age that can certainly be used successfully as an alterna- 
tive method of organ storage. The technology here is im- 
proving rapidly since Collins et al? and Sacks and 

colleagues": have shown the superiority of hypertonic solu- 

tions. Nevertheless, at present, perfusion preservation ap- 
pears not to be inferior to fresh cadaver transplantation. 


This investigation was supported by US Public Health Service grant AM 
13083. 
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Discussion i = 


Dr. Luis H. TOLEDO-PEREYRA: We can only say that at the pres- he 
ent time perfusion techniques are still indicated; and, as we men- f 4 
tioned before, probably the differences between our study and the A 
cooperative study are mainly due to standard immunosuppressive _ 
technique, the use of antilymphocyte globulin, as well as the use of __ 
the same harvesting technique throughout the study. We think 
that in the future more studies will be published indicating im- 
provement of the perfusion techniques, as well as improvements 
of the storage techniques. In accordance with these improvements 
we can modify our present methods. 
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Jejunoileal bypass (JIB) patients provide a unique opportunity 
to study the relationship between small bowel loss and gastric 
secretory function. Preoperatively, and approximately one year 
postoperatively, measurements of gastric secretion were taken 
in 37 patients who underwent JIB for massive obesity. Basal acid 
output increased by 0.52 + 0.35 mEq/hr (P >.2), and peak stim- 


ulated acid output increased by 1.99+ 0.96 mEq/30 min 


(P <.05). A separate group of 26 postoperative and 17 preopera- 
tive (control) JIB patients had fasting serum gastrin levels mea- 
sured by radioimmunoassay. Postoperative patients had levels 
of 37 + 5 pg/ml, and control patients had levels of 36 + 4 pg/ml 
(P >.5). We conclude that following JIB for obesity, there is no 
significant change in basal acid secretion or in serum gastrin. 
There is a small, but statistically significant, increase in peak 
stimulated acid output. We currently find no clinical correlation 
with this change. 


he phenomenon of gastric hypersecretion following 
small bowel loss is poorly understood. In 1914, Stass- 
off: first described this relationship in dogs that had un- 
dergone massive small bowel resection. In 1965, the clini- 
cal occurrence of gastric hypersecretion in a patient after 
small bowel resection was first observed by Frederick et 
al.2 Since then, other clinical reports of this response in hu- 
mans have been published.** 

The mechanism for the relationship of gastric hyper- 
secretion following small bowel loss is unknown. Because 
it occurs in Heidenhain pouch dogs, a humoral mechanism 
has been postulated.’ A gastric inhibitor, such as entero- 
gastrone or secretin, has been advocated by some investi- 
gators’; a gastric secretagogue, such as gastrin, has been 
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advocated by others.” The relationship of gastrin to small 
bowel loss in humans has not been defined. 

The present study was undertaken in an attempt to de- 
termine the effect of massive small bowel bypass on basal 
and peak stimulated acid output in the human. This study 
also attempts to elucidate the effect of massive small 
bowel bypass on the fasting serum level of the hormone 
gastrin. 


METHODS 
Gastric Secretory Studies 


Thirty-seven patients who underwent jejunoileal bypass (JIB) 
for massive obesity underwent gastric secretory studies preopera- 
tively and approximately one year postoperatively. (Informed pa- 
tient consent was obtained subsequent to full disclosure and dis- 
cussion of the tests involved.) These patients underwent exclusion 
of the small bowel from 40 cm distal to the ligament of Treitz to 4 
cm proximal to the ileocecal valve.* Gastric secretory function was 
measured by analysis of gastric juice collected via nasogastric 
tube during a one-hour basal period, followed by 2'4 hours of col- 
lections after bezatole hydrochloric acid (Histalog) stimulation. 
After stimulation, collections were made at 15-minute intervals. 
Bezatole hydrochloric acid was administered subcutaneously at a 
dose of 2 mg/kg, with a maximum dose of 200 mg. Free acid was 
determined by titration of a 2-ml aliquot of a gastric aspirate 
sample against 0.1N sodium hydroxide (NaOH) with two drops of 
Töpfer agent as the indicator (pH 3.5). Acid output is expressed as 
milliequivalents of free acid per time interval. The factors of eval- 
uation consisted of the basal one-hour free acid content, and the 
free acid content for the peak 30-minute secretory response tœ 
bezatole hydrochloric acid. Selection of these indexes was based on 
the work of Laudano and Roncoroni.* 


Fasting Serum Gastrin 


A separate group of 26 patients who had undergone JIB one or 
two-years before for obesity had fasting serum samples collegted 
for measurement of gastrin levels by radioimmunoassay. Sev- 
enteen obese preoperative patients served as controls. The tech- 
nique used for determination of gastrin levels was that of Yalow 
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and Berson,” as modified by Walsh et al. Serum gastrin levels 
are expressed in picograms per milliliter. 


i RESULTS 
Gastric Secretory Studies 


The 37 patients who had gastric secretory studies had 
an average decrease in body weight of 43.4 kg (96 lb), 
from 127.5 kg (282 lb) preoperatively to 84.1 kg (186 lb) af- 
ter a postoperative period of one year. The basal acid out- 
put, expressed in milliequivalents per hour, stood at 1.95 
preoperatively and 2.45 postoperatively. The mean differ- 
ences plus SE was +0.52 + 0.35, with a range of —2.61 to 
+ 6.92. Peak stimulated acid output was expressed in terms 
of milliequivalents per 30 minutes, and stood preopera- 
tively at 14.80 and postoperatively at 16.65. The mean dif- 
ferences plus SE was + 1.99 + 0.96, with a range of —10.86 
to 13.42. Paired Student t test analysis of these data re- 
veals no statistically significant increase in basal acid out- 
put (P>.2). The increase in peak stimulated acid output 
was significant at the P <.05 level. 

Table 1 shows the patient distribution of changes in 
acid output. It is interesting to note that 24 of the 37 pa- 
tients showed increases in peak stimulated acid output, 
with inereases greater than 2 mEq/30 min in 16 patients. 
Linear regression analysis of the paired changes in stimu- 
lated peak acid output and the ratio of postoperative 
weight to preoperative weight reveals a correlation coeffi- 
cient of .11. Statistically, there is no significant relation- 
ship of weight loss and change in peak stimulated acid 
output (P 2.4). Clinically, 36 of these patients were 
asymptomatic with respect to possible gastric-related 
complaints. One patient developed a prepyloric ulcer that 
healed while the patient was receiving medical therapy. 
Gastric secretory studies of this patient revealed no 
change in basal acid output. The study also revealed a 4 
mEq/30 min increase, from 10 to 14 mEq/30 min, in peak 
stimulated acid output. 


Table 1.—Patient Distribution of Changes in Acid Output 


No. of 
Patients Change 


15 Increase >1 mEq/hr 
9 Decrease >1 mEq/hr 
13 1 mEq/hr change 
16 Increase >2 mEq/30 min 
11 Decrease >2 mEq/30 min 
10 2 mEq/30 min change 








Acid Output 
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No. of Mean + SE, 
Group Patients pg/ml 
— €ontrol 17 36+ 4 
2 yr subgroup l 9 41 +9 
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Serum Gastrin 


Table 2 shows the mean fasting serum gastrin levels for _ y 


the separate group of 26 postoperative JIB patients and 


their control group of 17 patients. Unpaired Student t test j 


analysis of the control and post-JIB means reveals no sta- 
tistically significant difference (P>.8). Comparison of the 
means of the 17 patients who had undergone JIB one year 






before with that of the nine patients who underwent JIB { 4 


two years before is also not statistically significant at the 
P < .05 level. 


COMMENT 


Several studies have been done measuring the response 


of gastric secretion to small bowel bypass, and conclusions 
of these investigators have varied. Buchwald and Varco 
showed a decrease in volume and gastric acid secretion in 


12-hour overnight gastric aspirates in patients with a 200- 


cm distal small bowel bypass for hyperlipidemia. Shibata 


et al? and Schwartz and Jensen’ showed no change in 


various factors of gastric secretion in small numbers of — 


patients who underwent JIB. Salmon and Wright" ob- 


served a slight increase in acid concentration in both the | 


basal and the stimulated secretions of nine patients, but 
provided no statistical analysis. Dano and Nielsen*® found 


a slight but significant (P < .05), basal hypersecretion, but 
found unchanged peak acid output following pentagastrin 


stimulation in ten JIB patients with 24 cm or less of fune- 


tioning jejunum. We” previously reported a 4 mEq/30 


min increase in peak stimulated acid output in 14 JIB pa- 
tients, one year after the operation. The data from the 


current study of 37 JIB patients show one half this re- — p- 


sponse. 

The JIB patient represents a unique opportunity to 
study humoral relationships to small bowel loss. Temper- 
ley et al demonstrated that gastrin is inactivated by the 
small bowel. Wickbom and associates’? reported an in- 


crease in the concentration of gastrin in the two-hour _ 
postprandial sera of dogs with hypersecretion following 


massive intestinal resections. Junghaus et al showed ele- 
vated fasting and postprandial serum gastrin levels in 
dogs with massive intestinal resections. These changes 
were more marked in animals with proximal resections. 
Straus and co-workers” reported high fasting, as well as a 
marked increase in postprandial gastrin levels in the sera 
of four patients who had large intestinal resections, but 
not in one patient with a jejunoileal bypass. 

The present study demonstrates no change in fasting 
serum gastrin levels of patients with massive intestinal 
bypass. This finding leads to the speculation that the by- 
passed segment of the intestine may protect patients 
against fasting hypergastrinemia. However, other factors 
may be operative in this relationship. Bralow and Komo- 
rav? have demonstrated a linear relationship of parietal 
cell mass and body weight in rats; thus, weight loss as 
such may militate against post-JIB hypersecretion. 

The finding by Osborne et al’ that the hypersecretion 
resulting from intestinal resection in dogs is primarily 
postprandial in nature, in association with findings of 
postprandial hypergastrinemia in dogs who underwent re- 
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5 section’? and humans,” suggests that the hormonal re- 
_ sponse to meals must be investigated in humans with 
= small bowel bypass. 

E. CONCLUSIONS 


m 


=~ There is no noticeable change in basal acid secretion or 
= İn the serum gastrin level after JIB for obesity in the hu- 
= man. There is a small, but statistically significant (P < .05), 
_ increase in peak bezatole hydrochloric acid-stimulated 
~ acid output of 1.99 + 0.96 mEq/30 min. We currently find 
fe: ATE . . ° 
_ no clinical correlation with this change. 
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Fifty-two patients had jejunoileal bypass surgery. End-to-end 
(Scott) or end-to-side (Payne) shunts were randomly selected for 
each patient; 31 standard length shunts and 21 shortened by- 
passes were performed. Only 22 patients had an acceptable re- 
sult, whereas 30 patients had inadequate weight loss (less than 
2.3 kg [5 Ib] per month per year) or had gastrointestinal tract, 
metabolic, or surgical complications judged severe enough to 
render the outcome less than adequate. There was one death, 
and four patients required reanastomosis of the bypass. The pri- 
mary determinant of success was age, ie, younger patients had 
clearly better results than older patients. In general, shorter 
shunts produced more weight loss than standard bypass proce- 
dures, but were associated with an increased complication rate. 
Three new complications of jejunoileal bypass are reported: 
acute colonic dilation with necrosis, beriberi, and lupus 
erythematosus. 


“Sela for morbid obesity are being performed in 
many institutions in increasing numbers. The popu- 
larity and demand for these procedures stem from two ba- 
sic observations: First, it is now well accepted that medi- 
cal therapy (diets, pills, and so on) and the group therapy 
approach (TOPS, Weight Watchers) almost always fail in 
long-term efforts to control weight in patients 45 kg (100 
lb) or more over ideal weight. Second, it is generally 
agreed that morbid obesity is associated with serious 
health hazards, such as sudden death, hypertension, and a 
decreased life expectancy.’ In addition, and perhaps 
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for Morbid Obesity E 
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more importantly, morbid obesity alters the quality of life 
by reducing employability and impairing personal inter- “4 
relationships, which often leads to a poor body image and ia 
the all-too-frequent complaint of “helplessness” and “self- 
entrapment syndrome.”® 

Several large early reports have suggested that jejuno- 
ileal bypass leads to a suitable weight reduction without E 
significant complications,*® whereas other more recent 5 
studies would suggest that serious and even life-threat- a 
ening complications can and do occur with a high fre- x 
quency following these procedures.’~ gt 

It is the purpose of this report to attempt to balance the s 
benefits of surgery against the complications observed in r 
a sizable group of patients undergoing jejunoileal bypass = 
for morbid obesity. 


PATIENTS AND METHODS E- 


= * 
i eg 





Fifty-four patients were selected for jejunoileal bypass using g. 
the guidelines established by Payne et al,‘ and Scott et al,’ ie, J 
weight more than 56.5 kg (125 Ib) in excess of ideal weight, rea- 
sonable motivation, no evidence of endogenous causes, and ade- 
quate health to withstand surgery. 

Fifty-two patients were available for follow-up ranging from p 
six months to 3% years. All patients were seen in an outpatient | 
clinic at two- to four-week intervals immediately after bypass 
surgery, and at two- to three-month intervals thereafter. Patients 
underwent extensive preoperative evaluation to rule out causes p 
for morbid obesity other than hyperphagia and increased caloric 4 
ingestion. The type of jejunoileal bypass performed (Scott or 
Payne) was determined at the time of operation by opening a 
sealed envelope containing a prerandomized card. Initially, the 
bypass procedures were performed precisely as described by Scott | 
et al and Payne et al. Subsequently, however, because of inade- 
quate weight loss and patient dissatisfaction, individual surgeons 
were permitted to alter the length of the jejunal and ileal limbs of 
the shunt in order to obtain a more satisfactory operation. All sur- 
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Mean 
Average Weight, Jejunum, 
Procedure Age, yr kg (Ib) cm 
End-to-side 33 132.0 (292) 35.6 
End-to-side 33 134.7 (298) 25.4 
End-to-end 38 144.6 (320) 30.5 
End-to-end 46 127.9 (283) 30.5 
End-to-end 21 137.0 (303) 25.4 
End-to-end 29 131.1 (290) 25.4 


End-to-end 159.6 (353) 





gical procedures were performed by or under the direct super- 
vision of the authors. Postoperatively, most patients were main- 
tained on endotracheal intubation and a mechanical ventilator for 


_ 24 hours. Alimentation was begun on resumption of active bowel 
= sounds, and all patients were allowed to take food and water ad 


i _ libitum. Following the small bowel bypass, all patients were in- 
-~ structed to take gluconate calcium, 1 gm four times daily, and 
~ multiple vitamins. 


The patients were evaluated postoperatively by a simple system 


-comparing weight loss with complications. The patients clearly 
- clustered into three groups as outlined as follows: excellent (E): 


= sustained weight loss of 2.7 kg (6 lb) per month per year with no 


complications; good (G): sustained weight loss of 2.7 kg (6 lb) per 
month per year with one major complication; and poor (P): weight 


7 loss of less than 2.3 kg (5 lb) per month per year, or more than one 


major complication. 
The criteria for a major complication were based solely on clini- 


E. cal observations and are outlined below. All operative complica- 
~. tions were considered major and listed as such. Severe diarrhea 


a _ was considered a serious complication only if it persisted more 
_ than six months and could not be managed well with orally admin- 


istered narcotics. Perirectal disorders were considered serious 


a _ when hemorrhoids prolapsed and bled chronically or failed to re- 


spond to conventional treatment and required hemorrhoidectomy. 


_ Vomiting and flatus were also considered as major complications 
= when protracted in the former and excessive and foul in the latter. 
_ All metabolic complications (each required rehospitalization) were 


= considered serious except for mild, transient electrolyte imbalance 


# responding to orally administered supplements. A weight loss of 


less than 20% of the preoperative body weight was similarly con- 


sidered an unsatisfactory result. In general, these patients had a 


$ š ~ weight loss of less than 2.3 kg (5 lb) per month, and had clearly 
= plateaued by the sixth month. 


RESULTS 


A summary of the average age, preoperative weight, 


_ type of procedure performed, and result in 52 patients is 


| ; shown in Table 1. Clearly 60% of patients had a poor re- 








sult, with the remaining 40% being evenly split between 
good and excellent results. There was no substantial dif- 
ference between the standard Payne (35.6 cm of jejunum 
and 10.2 cm of ileum) or Scott (30.5 cm of jejunum and 30.5 
cm of ileum) shunt in terms of result. Shortening of the 
jejunum and ileum, respectively, did not improve results, 
and in patients undergoing an end-to-end 10.2 Xx 30.5-cm 
shunt clearly resulted in such serious problems that both 


~ patients were reoperated to restore jejunoileal lengths. 


Table 2 shows the effect of age on clinical results of jeju- 
noileal bypass. Over 70% of patients 30 years and younger 
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Table 1.—Clinical Results of Jejunoileal Bypass 


Inadequate Results 
Ileum, Weight ——————-——— 
cm No. Loss Excellent Good Poor 
10.2 22 7 5 4 13 
10.2 13 2 2 3 8 
30.5 9 6 2 1 6 
192 1 0 1 
30.5 1 0 1 EI 
25.4 4 0 2 
2 0 








Table 2.—Effect of Age on Clinical Results of 
Jejunoileal Bypass 


Age, yr Total 
18-30 21 
30-40 16 
40-65 15 


Table 3.—Major Complications of Jejunoileal Bypass 


Complications Total ~ 


Surgical 
Wound infection 
Dehiscence 
Hernia 
Acute colon dilation 
Death (pulmonary insufficiency) 


Gastrointestinal tract 
Severe diarrhea (6 mo) 
Hemorrhoids (prolapsed, bleeding) 
Hemorrhoidectomy 
Vomiting 
Excess flatus 


Metabolic 
Liver dysfunction 
Electrolyte imbalance 
Renal calculi 
Arthritis 
Systemic lupus erythematosus 
Vitaminosis 
integument changes 


Inadequate weight loss 
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had a good or excellent result, whereas only 27% of pa- 
tients in the 30 to 40 age group and 7% in the 40 to 65 age 
group had good or excellent results. Clearly, age is a major 
factor in attaining a satisfactory result. 

Table 3 outlines the myriad major complications occur- 
ring after jejunoileal bypass. These were divided into 
three major subgroups. . 


Surgical Complications 


There was one death that occurred postoperatively in a 
41-year-old, 177.6-kg (393-lb) woman with severe chronic 
obstructive pulmonary disease and the Pickwickian syn- 
drome. She died of pulmonary insufficiency on the forth 
postoperative day, and clearly, in retrospect, should not 
have undergone a bypass operation. 
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Wound infection, dehiscence, and ventral hernia were 
the other surgical complications. Considering the weight 
of the patients, this rate is thought to be acceptable. One 
major postoperative problem, however, occurred that has 
not previously been reported. 


A 43-year-old, 155.9-kg (345-lb) man underwent an end-to-side 
25.4 X 10.2-cm jejunoileal bypass recommended by his internist be- 
cause of sustained diastolic hypertension and chemical evidence of 
diabetes. The operation was uneventful and his early postopera- 
tive course was unremarkable. Oral feeding was begun on the 
fourth postoperative day, at which time he was passing flatus 
freely. On the fifth postoperative day, the patient appeared “sep- 
tie” and his blood urea nitrogen (BUN) and creatinine levels rose 
from normal preoperative levels to 64 and 4.8 mg/100 ml, respec- 
tively. An x-ray film of the abdomen with the patient upright 
showed massive dilation of the ascending colon (Figure). A lap- 
arotomy was performed that revealed massive dilation and necro- 
sis of the ascending colon. There was no evidence of anastomotic 
obstruction or volvulus, and the jejunoileal bypass was intact. A 
right hemicolectomy was performed, the jejunoileal bypass was 
taken down, and intestinal tract continuity was reestablished. 
Postoperatively, wound dehiscence occurred which required clo- 
sure. The patient ran a septic course for some time, but eventually 
recovered. The pathology report showed ischemic necrosis of the 
colon wall. 


Gastrointestinal Tract Complications 


Only complications that impaired the patient’s well- 
being were considered. Moderate diarrhea was present in 
almost all patients, and whereas this usually ended by the 
third month, short recurrent episodes were exceedingly 
frequent. The sequels of diarrhea were usually easily man- 
` aged with orally administered narcotics. 


Metabolic Complications 


Metabolic complications occurred in 28 instances. Tran- 
sient electrolyte imbalance was common, but 12 patients 
had prolonged, severe hypokalemia, hypocalcemia, and/or 
hypomagnesemia, requiring hospitalization. All of these 
patients were eventually managed by orally administered 
mineral supplements, but parenteral augmentation of 
electrolyte levels was frequently necessary. Severe liver 
dysfunction was uncommon. Several patients had tran- 
sient increase in alkaline phosphatase levels (5 to 10 
units), but only four patients had evidence of moderate or 
severe liver dysfunction. One patient required restoration 
of the gastrointestinal tract to normal length because of 
jaundice, hypoalbuminemia, and ascites. She has made a 
complete recovery. 

Renal calcium oxalate calculi were found in three pa- 
tients. One patient had postoperative 24-hour urinary oxa- 
fate levels of 135, 263, and 181 mg/24 hours, (normal, 40 
mg/24 hours). It appears that a marked alteration in oxa- 
late metabolism occurs and all patients with and without 
stones should be evaluated. Oxalate renal calculi have 
been reported in patients with small bowel disease, short 
bowel syndrome, and jejunoileal bypass." 

Two patients who were admitted with particularly wor- 
risome metabolic findings are reported separately. 


A 130.2-kg (288-lb), 37-year-old man underwent an end-to-end, 
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Acute colon dilation five days following jejunoileal bypass. No 
anatomic obstruction was present at surgery. 


25.4 X 25.4-cm jejunoileal bypass. He had an excellent result with 
weight loss of 46.1 kg (102 lb) in one year and only occasional 
diarrhea. He developed a calcium oxalate renal calculus in the 12th 
postoperative month, which he passed spontaneously, and he was 
subsequently placed on a low oxalate diet. One month later, he de- 
veloped an erythematous rash with a facial butterfly distribution. 
A lupus erythematosus preparation was positive and he is being 
evaluated for systemic lupus erythematosus. 

A 212.4-kg (470-lb), 40-year-old woman underwent an end-to- 
side, 25.4 10.2-cm shunt. Her weight decreased to 135.6 kg (300 
lb) within one year, but she complained of occasional diarrhea. She 
developed severe peripheral polyneuropathy of motor and sensory 
nerves, severe enough to make walking impossible and the use of 
both hands was lost. A diagnosis of beriberi was made and she re- 
sponded promptly to parenteral B complex vitamins. In retro- 
spect, inadequate dietary vitamin intake may have been a contrib- 
uting factor. 


Inadequate Weight Loss 


Weight loss was judged inadequate in 15 patients. Most 
of these patients plateaued at 9 to 13.6 kg (20 to 30 lb) be- 
low preoperative weights within the first few months. 
Shortening of the jejunoileal limb lengths produced un- 
predictable results. Generally, patients with shorter 
shunts tended to lose more weight, but this effect was 
overshadowed by a higher complication rate. The one pa- 
tient undergoing a 30.5x15.2-cm shunt as now recom- 
mended by Scott et al,’ had an acceptable result. However, 
a second patient who had initially had a 30.5 x30.5-cm 
end-to-end bypass was shortened to a 30.5 x 15.2-em by- 
pass because of inadequate weight loss and again failed to 
lose more than a few kilograms. 


COMMENT 


Any surgical procedure must be evaluated not only with 
respect to the benefits derived but also in terms of the 
complications. From our experience, it appears that the 
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=~ complications of jejunoileal bypass seriously detract from 
= the resulting benefit of weight loss. Only 11 of our 52 pa- 
= tients had weight loss enough to be worthwhile without 
= complieations. Another 11 had good weight loss, but had 
= significant complications detracting from the goal of the 
ie _ operation. The remaining 30 patients had a poor result, 
= with 15 patients failing to lose weight significantly, 
= whereas those who did lose weight sustained multiple 
== complications that overshadowed their loss of weight. Of 
p: 52 patients, three developed complications never before 
Ee reported: beriberi, lupus erythematosus, and acute idio- 
~ pathic colon obstruction. 
_ — The patient with beriberi may not have developed this 
= complication if increased vitamin intake had been ef- 
= fected. The development of lupus erythematosus may 
uP = have been a chance occurrence. However, the suspicion of 
= the same complication in a second patient and the devel- 
se x opment of significant arthritic complaints in other pa- 
= tients suggest that the alterations of metabolism with je- 
a junoileal bypass may be responsible for these findings. It 
= would seem worthwhile to further explore these changes 
= before proceeding with these procedures on a larger scale. 
Liver dysfunction remains a significant problem, as does 
the development of hyperoxaluria and calcium oxalate re- 
= nal ealculi. The liver problem appears most severe during 
~ the first year after bypass, with gradual improvement 
$ _ thereafter,’ but hyperoxaluria is probably persistent. Hair 
‘ge = loss present in two patients may also reflect metabolic 
= dysfunction. 
= Ht is difficult to assess the benefits of weight loss pro- 
= duced by these procedures in terms of quality and quan- 
_____ tity of life. It seems fairly clear that morbid obesity is as- 
= sociated with increased risk of sudden death and overall 
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== poor survivability."* However, whether or not patients 
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~ undergoing bypass surgery will in fact survive longer 
= than their still obese peers who did not undergo operation 
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remains to be seen. Quality of life seems to be obviously 
improved. Solow et al’ have shown psychosocial benefit 
from this operation and all authors have reported positive 
patient response. Also, it would appear that not all meta- 
bolic changes are bad, as a clear fall of serum cholesterol — 
and triglyceride levels has been a common observation in 
most reports.’ 

Because of the above findings, jejunoileal bypass is not 
currently being performed for morbid obesity at the Uni- 
versity of Kansas Medical Center. Suitable patients are 
now undergoing the gastric bypass procedure as described 
by Printen and Mason." In 18 patients operated on thus 
far, suitable weight loss with fewer complications has 
been observed, but this series is not far enough along to 
provide meaningful data. 
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Biliary and Urinary Calculi 


Pathogenesis Following Small Bowel Bypass for Obesity 


Leslie Wise, MD, Theodore Stein, MS 


Of 93 patients with small bowel bypass for massive exogenous 
obesity, three developed calcium oxalate urinary calculi, four 
stones in their gallbladder, and one developed both gallstones 
and urinary calculi during a mean follow-up period of 17.6 + 9.0 
months. 

The urinary oxalate excretion increased from 21.6 to 67.8 
mg/24 hours (P < .001); simultaneously, the urinary output de- 
creased from 1,775 to 1,101 ml/24 hours (P < .001). Postopera- 
tively, there was a significant increase in the rate of bile salt syn- 
thesis from 1.6 to 4.9 gm/day (P < .02) and in the bile salt 
glycine/taurine ratio from 4.6 to 6.8 (P < .05). 

It is suggested that the postbypass increase in the biliary gly- 
cine/taurine ratio, with its consequent decrease in the zeta po- 
tential of the micelles in bile, is at least partly responsible for the 
increased incidence of cholelithiasis. The pathogenic basis for 
the increased incidence of urinary calculi is hyperoxaluria, 
which is probably related to an increased bile salt and glycine 
synthesis. 


Me: exogenous obesity has been recognized as a 
health hazard for many years. Studies by insur- 
ance companies have indicated that overweight subjects 


experience a substantially higher mortality than subjects 


with ideal weight; it has also been shown that the greater 
the degree of overweight, the larger the excess mortality.’ 
These studies also indicated that, following weight reduc- 
tion by conservative means, those overweight subjects 
who reduced to standard weight had the same mortality 
*as the standard risk subjects. Although many overweight 
people can lose weight by dieting, the long-term follow-up 
on such persons has generally been disappointing.” Be- 
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cause of the well-recognized hazards of obesity and the 
long-term ineffectiveness of conservative weight reduc- 
tion programs, intestinal bypass is being tried in a num- 
ber of centers on an experimental basis for the treatment 


of massive exogenous obesity, intractable to medical ' 


treatment. 


In a personal series of 93 patients with small bowel by- 
pass for massive exogenous obesity, three patients devel- — 


oped urinary calculi, four patients developed biliary cal- 
culi, and one developed both conditions during a mean 


follow-up period of 17.6+ 9.0 months. The purpose of this — 


study was to elucidate the pathogenesis of biliary and uri- 
nary calculi following small bowel bypass procedures. 


SUBJECTS AND METHODS 


Our personal series at present includes 98 jejunoileal bypass pa- 


tients. They all suffered from massive exogenous obesity and were- 


refractory to conservative dietary management. On the average, 
they were 123% above their ideal weight. 3 

All patients were admitted for evaluation to the Clinical Re- 
search Center at Barnes Hospital and were studied before and at 
selected intervals after the jejunoileal bypass. The type of bypass 
performed by us is shown diagrammatically in the Figure. In this 
procedure, 35 cm of the proximal part of the jejunum was anasto- 
mosed end-to-end to 10 cm of the terminal part of the ileum. The 
intervening segment of small bowel was excluded; the proximal 
end of this segment was closed and tethered to the mesojejunum 
to prevent intussusception, the distal end was anastomosed end- 
to-side to the cecum. 


Urinary oxalate was measured by the method of Fraser and — 


Campbell’ in 66 patients preoperatively and postoperatively. 
Bile Samples 


A double-lumen gastroduodenal tube was utilized for the collec- 
tion of bile uncontaminated by gastric juice. After a 12-hour fast, 
the tubes were placed into the duodenum and their position was 


checked by roentgenography. Before each collection, cholecystoki- _ 


nin was given intravenously to cause contraction of the gallblad- 


der. After collection of the first bile specimen, 10 microcuries of © 
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cholate labeled with radioactive carbon (*C) and 10 microcuries of 
14C-chenodeoxycholate, prepared sterile and nonpyrogenic, were 
administered intravenously. Three hours were allowed for the bile 
acids to be cleared from the systemic circulation. Five milliliters 
of bile-rich duodenal fluid was then collected 3, 24, 48, and 72 hours 
after bile acid injection; in each case, before the collections, bile- 
flow was stimulated by the intravenous injection of cholecystoki- 
nin (1.0 Ivy dog unit per kilogram body weight). 


Bile Salt Synthesis 


This was determined by the isotope dilution method of Lind- 
stedt. Since the biological loss of '*C-bile salt follows a first-order 
reaction kinetic system, the half-life (t+) for the rate of dis- 
appearance of ‘*C-bile salt was estimated from a regression line of 
the exponential plot of the total bile salt specific activities (dis- 
integrations per minute per micromol) at collection times. The 
time of 50% **C-bile salt loss was taken as the half-life time. An 
extrapolation of the plot to time zero gave the initial specific activ- 
ity, which by the isotope dilution method yielded the bile salt pool 
size. The turnover rate (k) was determined from the exponential 
decay equation k = 0.6693/t. The daily synthesis was estimated by 
the preduct of the bile salt pool size and k, assuming steady state 
conditions of biliary metabolism. 

Bile salt concentration was estimated by the method of Turn- 
berg and Anthony-Mote,’ which utilizes 3 a-hydroxysteroid dehy- 
drogenase. After decolorization with 0.5% hydrogen peroxide the 
uC content was measured by liquid scintillation. 


Bile Salt Glycine/Taurine Ratio 


The glycine/taurine ratio was estimated from the bile salt con- 
centrations of the glycine and taurine conjugated bile salt bands 
after separation by thin-layer chromatography on silica gel G ac- 
cording to the method of Gregg.'® A 25u] sample was applied to 
each of four strips per bile collection. After separation, the gly- 
cine-conjugated bile salts were pooled for each collection. The 
taurine-conjugated bile salts were present at very low concentra- 
tions and so they were estimated as a total pool of all the bile col- 
lections. The scraped gel was desorbed of bile salt by 0.1M sodium 
pyrophosphate, pH 10.8, and the sample was divided into two ali- 
quots for “C and bile salt determinations. 


RESULTS 
Clinical 


In this series of 93 patients with small bowel bypass, 
during a mean follow-up period of 17.6+ 9.0 months, 
three patients developed urinary calculi, four patients de- 
veloped stones in the gallbladder, and one patient devel- 
oped both gallstones and urinary calculi. 

Of the five patients who developed gallstones, four were 
completely asymptomatic and were only discovered on 
routine cholecystograms at 6, 9, 11, and 20 months after 
the bypass. The fifth patient complained of vague dis- 
comfert in the upper part of the abdomen and his gall- 
stones were found 30 months postbypass. 

In contradistinction to the patients with gallstones, 
those with urinary stones were all admitted with typical 
“ureteric colic” at 3, 19, 20, and 21 months after the bypass 
procedure. 


24-Hour Urinary Oxalate Excretion and 
Composition of Urinary Calculi 


The results showed that a significant (P < .001) postop- 
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Small bowel bypass procedure as performed in the present 
study. 


erative increase in oxalate excretion (from 21.6 + 2.0 to 
67.8 + 5.5 mg/24 hours) was coupled with a significant 
(P<.001) decrease in urinary volume (from 1.775 + 133 to 
1,101 + 82 ml/24 hours). The postoperative urine samples 
were obtained 12.5+ 0.6 (SE) months after the bypass 
(range: 5 to 31 months). The 24-hour preoperative urinary 
oxalate excretion in all four patients who developed uri- 
nary calculi was less than 20 mg, whereas the postopera- 
tive values were 94, 107, 51, and 52 mg/24 hour. They all 
passed their urinary calculi spontaneously or with the help 
of retrograde catheter manipulation and none needed op- 
eration. The stones were analyzed and they were all cal- 
cium oxalate calculi. 


Bile Salt Synthesis and the Bile Salt 
Glycine/ Taurine Ratios 


These were studied in eight women both preoperatively 
and postoperatively and the results are summarized in the 
Table. 


COMMENT 
Urolithiasis 


The development of urinary calculi in four of 93 pa- 
tients (4.3%) during a mean follow-up period of 17.6 
months strongly suggests that jejunoileal bypass pre- 
disposes to urolithiasis. Dickstein and Frame’ studied 23 
patients with jejunocolic and 11 patients with jejunoileal 
bypass. Nine of the 23 patients (89%) with jejunocolos- 
tomy and two of the 11 patients (18%) with jejunoileos- 
tomy developed urinary calculi during a follow-up period 
varying from two to seven years. The interval between 
the shunt procedure and the first knowledge of stone for- 
mation ranged from 24 days to six years, the average in- 
terval being 20 months. In five of the 11 patients the 
stones were analyzed: four patients had calcium oxalate 
calculi and the fifth patient passed a mixed calcium oxa- 
late and ammonium urate calculus. O’Leary et al”? reported 
on 31 patients who had intestinal bypass and seven of these 
(23%) developed urinary calculi. 

The hyperoxaluria that we demonstrated in the post- 
bypass patients is likely to be responsible for the in- 
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r Weight, kg 
Time of 

Patient Age, Preop- Postop- Study After 
No. yr erative erative Bypass, mo 

1 25 126 76 11 

34 145 97 9 

46 102 76 12 

34 112 80 8 

26 119 85 10 

44 122 75 9 

30 131 109 3 

25 148 100 8 


125* 





Bile Salt Synthesis and Bile Salt Glycine/Taurine Ratios A 


Bile Salt Synthesis, gm/day Glycine/Taurine Ratio 



























No. of Preop- Postop- Preop- Postop- 
Children erative erative erative erative 
3 1.3 11.6 6.0 §5 
2 1.8 3.0 2.3 4.0 
3 0.8 3.2 1.9 2.8 
0 4.5 8.2 5.0 11.6 
0 1.1 2.9 7.1 9.0 
5 0.7 3.2 6.2 11.9 
4 1.4 2.7 3.4 5.1 
0 1.4 4.2 5.6 5.1 
2. 1.67 4.97 4.6} 6.8} 





* P value of difference between preoperative and postoperative values <.001. 
t P value of difference between preoperative and postoperative values <.02. 
P value of difference between preoperative and postoperative values <.05. 


creased incidence of oxalate calculi in these patients. The 
cause of hyperoxaluria is not quite clear. Patients with 
small bowel bypass have a greatly deranged bile acid me- 
tabolism. We have shown by a breath-analysis technique 
that following small bowel bypass procedures there is a 
very substantial increase in the bacterial deconjugation of 
bile salts and that there is an increased fecal excretion of 
glycine." The present study clearly shows a postbypass in- 
crease in bile acid synthesis. Furthermore, we found a 
postbypass increase in the glycine/taurine conjugation ra- 
tio of these bile acids, which indicates that, following 
small bowel bypass, patients tend to produce predomi- 
nantly glycine-conjugated bile salts. The precursor of the 
bile acid glycine is not known, but it could be glyoxalic 
acid, which is also the precursor of oxalic acid. With the in- 
creased synthesis of the bile acid glycine, the side reaction 
of oxalic synthesis may also be increased, with resulting 
hyperoxaluria.'* In addition, it has also been suggested 
that following bacterial deconjugation of glycine-conju- 
gated bile salts, the liberated glycine is metabolized by in- 
testinal bacteria to glyoxalate, which in turn is absorbed, 
oxidized in the liver to oxalic acid, and excreted in the 
urine to produce hyperoxaluria.'** This latter hypothesis, 
_ however, is probably incorrect since recently Hofmann et 
al’ fed “C-bile acid-glycine to seven patients with hyper- 
oxaluria associated with small intestinal disease; in these 
patients the 'C-glycine was not converted to urinary oxa- 
late. 

Recent work by Earnest et al' suggests that a major 
contributing factor to the production of hyperoxaluria in 
patients with ileal disease may be increased intestinal 
oxalate absorption; the site of this supposed excessive oxa- 
late absorption and the mechanism responsible for it are 
not known. 


Cholelithiasis 


Of the 93 patients in our series, 28 (30.1%) developed bil- 
lary galculi by the time of their bypass (ie, these patients 
had either had prior cholecystectomy or cholecystectomy 
with the bypass). The mean age of the 93 patients at the 
time of bypass was 33.7 + 9.0 years. Assuming that up to 
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age 20 years none had cholelithiasis, the prebypass choleli- 
thiasis incidence rate in this group of patients was 30.1%/ 
13.7 years, ie, 2.2% per year. Postoperatively, only 65 pa- 
tients (93 minus 28) were at risk to develop gallstones. Six 
of these (9.2%) developed gallbladder calculi during a 17.6- 
month mean follow-up period (9.2%/17.6 months, ie, 5.2% 
per year). This observation strongly suggests that, at 
least on a short-term basis, there is an increased incidence 
of cholelithiasis following small bowel bypass procedures. 

The pathogenic mechanism for the increased incidence 
of biliary calculi following small bowel bypass procedures 
for massive obesity has not been previously studied. The 
development of gallstones depends in part on the relative 
concentrations of cholesterol, bile salts, and lecithin in 
bile." Bile salts hold cholesterol in solution by the forma- 
tion of micelles. The stability of such suspensions is re- 
lated, in part, to the zeta potential of the suspended par- 
ticles. Ostrowitz and Gardner” suggested that, in addition 
to the relative concentrations of cholesterol, bile salts, and 
lecithin, the zeta potential of the formed micelles in bile iş 
critical in the development of gallstones. Taurine, because 
of its negative SO, polar group, tends to prevent gallstone 
formation by increasing the zeta potential of the micelles 
formed in bile. Our data have shown a substantial post- 
bypass increase in the biliary glycine/taurine conjugation 
pattern in six of the eight patients studied. In fact, one of 
these patients (patient 6) developed gallstones nine 
months after the bypass procedure. 

From our data, the following pathogenic mechanism is 
suggested to explain the increased incidence of biliary and 
urinary calculi following small bowel procedures for mas- 
sive exogenous obesity. 

Gallstone Formation.—Small bowel bypass for obesity + 
increased fecal bile salt loss?! = compensatory increase in 
bile salt synthesis + increase in the glycine/taurine conju- 
gation ratio = decrease in the zeta potential of the mi- 
celles in bile + aggregation of micelles + increased inci- 
dence of biliary calculi. 

Urinary Oxalate Stone Formation.—This may occur via 


two mechanisms: (1) small bowel bypass for obesity in- 


creased oxalate absorption from the gut hyperoxaluria 
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a — urinary oxalate stone formation or (2) small bowel by- 
| pass for obesity > increased bacterial deconjugation of 
= pile salts and increased fecal loss of glycine- compensa- 
= tory increase of glycine synthesis in the liver, possibly 
EE from glyoxalic acid + increase in oxalic acid synthesis as a 


side reaction -~hyperoxaluria— urinary oxalate stone for- 
mation. 


This investigation was supported by National Institutes of Health 
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Discussion 


ROBERT E. HERMANN, MD, Cleveland: The early enthusiasms ex- 
pressed by almost all surgeons for jejunoileal bypass operations in 
the treatment of the morbidly obese patient have now been tem- 
pered by several sobering reports. These two reports clearly iden- 
tify many of these problems. 

At the Cleveland Clinic, after performing some 26 jejunoileal 
bypass operations, all of the end-to-end type, we decided in De- 
cember 1973 to discontinue these operations because of the limited 
benefit we believed we were providing these patients. Twelve of 
our procedures were of the 35.6 x 10.2-cm type, ten were of the 
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30.5 x 15.2-cm type, and four were of the 30.5 x30.5-em type. All 
patients lost an average of 2.7 to 6.3 kg (6 to 14 lb) per month, lev- 
eling out in their weight loss after 36.2 to 67.8 kg (80 to 156 lb) of 
weight lost. 

However, we believed that with close follow-up we really only 
improved the quality of life and the health of about 46% of the pa- 
tients. Severe diarrhea in a few, prolapsing hemorrhoids, anal fis- 
sure, abdominal cramps, profound fatigue, gastric ulcer in one pa- 
tient, liver failure, and severe psychological depression and 
contemplated suicide were among the many problems we encoun- 
tered. We had one postoperative death, and two deaths from liver 
failure six months and one year postoperatively in these 26 pa- 
tients. In addition, we have had a number of patients referred to 
us, with complications, from other surgeons. 

Jejunoileal bypass creates a number of metabolic derange- 
ments. At the present time, I am recommending interdental wir- 
ing and a regulated, low-calorie, liquid diet in those patients who 
sincerely want to lose weight. I think this procedure is probably 
the safest effective procedure presently available, with the least 
undesirable side-effects. 

Dr. KIRKPATRICK: I am going to come out of this morning seem- 
ing to be a very aggressive surgeon. I want to comment on the pa- 
per by my former colleague from Kansas and his co-workers. It is 
a very honest paper, and those of us who are involved in doing this 
type of procedure can sympathize with their findings. However, to 
me it is not surprising that they would have this type of complica- 
tion rate when one realizes that we are doing a big operation on a 
big patient, so we can expect to have big complications. 

I tend to agree that in dealing with prophylactic bypasses, their 
conclusions relative to the age of the patient and the lack of com- 
plicating medical problems are correct. However, there is another 
group of patients that they did not talk about, and I would like to 
refer to them as a therapeutic group of patients. This is the group 
I have been interested in. These are the patients who are any- 
where from 45.2 to 67.8 kg (100 to 150 lb) heavier than their aver- 
age, and in our particular series the average weight is about 180.8 
kg (400 lb). Most of these patients have the Pickwickian syn- 
drome. They have to lose weight. The question is: what is the best 
method for them to lose weight? We have operated on several of 
these poor-risk patients. We performed a tracheostomy and kept 
them in the intensive care unit for a month following bypass. 
They have returned to work and are doing reasonably well. So, I 
think we should not overlook these patients in a retreat from 
prophylactic intestinal bypass surgery. 

JoHN A. PALMER, MD, Toronto: These were two excellent pa- 
pers. I would like to comment on Dr. Jewell’s honest and some- 
what courageous paper. No one likes to admit to complications. 
However, I do think these results reflect one end of the spectrum, 
with the authors perhaps being unduly self-critical. For instance, 
the 20-odd gastrointestinal symptoms did not seem too serious. 

I would like to comment on a smaller group of 34 patients oper- 
ated on by Dr. Mustard, our president, and me during the past 
four years. The early cases were divided between the 85.6 10.2- 
em bypass of Dr. Payne and the procedure described by Salmon 
and/or Scott. We have settled on the simpler Payne 35.6 x 10.2-cna 
bypass, always carefully measured. We believe the weight loss is 
predictable and will average about 45.2 kg (100 lb) in one year. We 
have not had patients with the very small weight loss as reported 
this morning. We believe the Payne procedure is of less potential 
risk. There is only one anastomosis, which we think should be a Y 
rather than a T, and the colon not being opened in these very 
obese people is an advantage. We avoid panniculectomy at the pri- 
mary operation and use a short midline incision with wire repair. 
Since doing that we have not had wound problems. All patients 
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were placed on prophylactic small dose heparin, 5,000 units three 
times a day. We have had three patients with calcium oxalate 
stones, a fairly high percentage for only 34 patients. All patients 
have been receiving vitamin replacement. Of most significance, 
we have not had important liver disease, although we have been 
aware of the fatty infiltration that has been reported in all series. 
_ Neither our group nor Salmon’s group, of Edmonton, 150 pa- 
_ tients, have required reversal of bypass because of concern with 
liver function or other complications. 

I would respectfully disagree with the conclusions of Dr. Jewell. 
I think if this procedure can be justified at all, it must be by ef- 
fectively reducing massive obesity in those patients who, if not 
treated, have a most unfavorable natural course and will surely 
die before too long. These are the patients with associated hyper- 
tension or hypercholesterolemia and hyperlipemia or those with 


es respiratory problems and, to a lesser extent, those with adult on- 


set of diabetes and, finally, those in the over 180.8-kg (400-Ib) 
group, certainly carrying the largest risk of morbidity and mor- 
tality, whether treated surgically or not. 

Ericu W. Potiak, MD, Davis, Calif: The excellent presentations 
of Drs. Jewell and Wise and their co-workers, added to the experi- 
ence available on the topic show that ileal bypass operation should 
be considered still an experimental procedure to be performed 
only in University centers under strict controls. For some of the 
resulting complications, no fully satisfactory therapeutic alterna- 
tives are available. Death due to liver failure and coagulation dis- 
orders figure in most statistics, including our own experience. 
Venous thrombosis and thromboembolism have been mentioned as 
present in several of these patients, thus prompting our interest 
in evaluating the incidence of such complication in this patient 
population. 

Venous scan with Fanon Tc 99m macroaggregates of albu- 
min would be the screening method of choice in these patients for 
possible detection of venous thrombosis (venous scan) and screen- 
ing for pulmonary embolism (perfusion lung scan) with a single 
isotope injection. 

We are impressed with the opinion of Dr. Ahtna about the 
jaw-wiring procedure results for treatment of morbid obesity. 
Maybe somebody can do a prospective study comparing jaw-wir- 
ing results with those of ileal bypass for treatment of morbid obe- 
sity. Personally, I believe that ileal bypass is not the ultimate solu- 
tion because of its complications, and I would have to see a 
persistent weight reduction, after removal of the wires, before I 
could accept jaw wiring as a solution for morbid obesity. 

JOHN F. ALDEN, MD, St. Paul: I have done several hundred of 
these operations, and I have my share of complications. In sifting 
through these patients, I have occasionally reconnected them, and 
this has always been another disaster, for they have all returned 
to their preoperative weight rather quickly. 

The last ten patients who have come to me with complications of 
excessive diarrhea, kidney stones, or enlarged liver, I have re- 
operated on and have reconnected their bypass so they had normal 
intestinal continuity, but at the same time I have done a three- 
quarter gastric resection on these people. These ten have all recov- 
gred relatively well. Certainly they have not been observed long 

enough for me to tell whether they will hold their weight at ideal 
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level. There has been a slight weight gain of 2.3 to 9.0 kg (5 to 20 FE 
lb), and I have observed these patients only in the past six months. — 

I think when we have these complications, and let our report E 
bility toward these patients stop by saying that the complications — 
are so excessive that we should reconnect the operation and let 
them go back to their previous state, it is a bad way to solve the | 
problem. If these ten patients do, in fact, hold their weight rea- ; 
sonably well, perhaps the complications could be solved by a ` 
simple operation, such as gastric resection, later. = 

Dr. JEWELL: It is obvious that Dr. Hermann is a lot smarter _ 
than we are. It only took him 26 patients to learn he should not do 
it this way. aie 

As far as the justification for these operations by risk is con- 
cerned, if you will sit down with a life table and assume these pa- 
tients really do have twice the risk of sudden death of a nonobese 
peer, and then calculate the operative mortality of this operation, $ 
which is published to be 6% or 7%, it takes 18 years for the pa- 
tients who underwent operation to catch up with those who did 
not. Quality of life, I agree, is something entirely different. | oan 

Concerning dental wiring, I can tell Dr. Pollak what will happen — y 
with these patients. When you take the wires off, within probably s] : 
three months they will be back up to where they were when you J 
first began. a l- A 

I think Dr. Alden’s comments were most appropriate. A lot of © 
the metabolic complications produced by jejunoileal bypass can be 
circumvented by simply doing a gastric bypass. The entire prin- 
ciple is different. They just cannot eat. It is like dental wiring, but 
it is permanent. Next year we hope we can come back with ay 
series of gastric bypass patients to report to you. 2 4 

Dr. Wise: I agree with Dr. Hermann that small bowel bypass j 
for morbid obesity is still an experimental procedure and it should vis 
only be performed in centers where facilities are available to use — l 
each patient as a research subject. I think this is very, very impor- _ Be x 
tant. Otherwise, we will never be able to evaluate the indications 
and contraindications for this procedure. t 

What about my overall results? They have not been published f r 
yet, but our psychiatrist recently reviewed all of my bypass pa- p a d 
tients, who have all been tested in a very comprehensive manner eo 
both preoperatively and postoperatively. The findings indicated _ 
that about 75% of the patients are very happy with the result, =» — 







Out of the 93 patients, we have revised eight and we have been — i 
fairly liberal with our indications for revision. As far as deaths 
are concerned, we have had no operative mortality with the pri- __ 
mary procedure. We did, however, have two deaths following revi- KE 
sions: one of the patients died from progressive liver failure and 
the other from a pulmonary embolus. I think it is important to em- A 
phasize that in our series one surgeon did all the operations, and 
there was only one anesthesiologist who looked after all these = oa 
patients. \ 

Concerning the type of incision, we have found that with the — r., 
transverse incision the arterial blood gas values were better than i E 
with the vertical incision. v f: 

We have not used prophylactic heparin for these cases. Of the a FAN 
93 patients, two developed deep venous thrombosis during the 
early postoperative period and they were both treated with hepa- 
rin with good results. =e 
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in August, you’ve got to read this: 


PA 


The most definitive, up-to-date, factual digest 
of information on the malpractice problem today 


Millions of words have been written about the mal- 
practice problem. But nobody has pulled all the 
facts and figures together into one meaningful 
package — until now. 


This AMA Source Document, prepared by the 
editors of PRISM, does just that. It's the most 
definitive, up-to-date, factual digest on the mal- 
practice situation today. 


Another thing special about it: you don't have to 
wade through a lot of words to get the facts. Most 
of the information is presented in charts, tables, 
and graphs that concisely and clearly summarize 
the latest data in the major areas of concern: 
claims increases, increasing costs to settle and to 
buy coverage, obtaining coverage, and the at- 
tempts to solve these problems. 


lf you want an up-to-date, realistic picture of the 
whole malpractice situation, don’t miss this docu- 
ment. If you receive PRISM, you'll get a copy 
automatically. If you don’t get PRISM, order your 
copy below. 


Copies Available 


One to 10 copies, $1.00 each. Eleven 
to 49, 75¢ each. Orders of 50 or more, 
50¢ each. Send order, along with pay- 
ment, to: Order Dept., OP-440, AMA, . 
———— < 535N. Dearborn St., Chicago, Ill. 60610. 


An AMA Source 
Document — prepared 
by the Editors of PRISM 


DON’T MISS IT! 





Letters to the Editor 


The editor will be pleased to receive cor- 
respondence of 250 words or less that per- 
tains to material published in the Ar- 
CHIVES or to other matters of interest to its 
readers. Letters should be typewritten 
double-spaced and should be clearly 
marked “For Publication.” No more than 
two references are permitted and illustra- 
tions are acceptable only when essential to 
the message. 


Spasm and Operative 
Cholangiography 


To the Editor.—The article by Ches- 
sick et al, "Spasm and Operative Cho- 
langiography” (Arch Surg 110:53, 
1975) did not compare the incidence 
of spasm of the sphincter of Oddi oc- 
curring in the presence of fentanyl 
with that occurring under other nar- 
cotics. 

Halogenated anesthetics are 
thought to be contraindicated by 
some in biliary surgery. Flammable 
anesthetics are no longer commonly 
used. Conduction anesthesia is seldom 
used alone in surgery in the upper 
part of the abdomen. This leaves only 
the nitrous oxide, narcotic, muscle 
relaxant combination, which is one of 
the safest anesthetic techniques 
known. 

To single out fentanyl as the of- 
fending agent seems unfounded in 
light of so many other factors, such as 
instrumentation, irritating dyes, sur- 
gical trauma, and Bakes dilators. 

The article repeatedly states, “At 
operation . . . agents used, included 
fentanyl.” This is similar to the con- 
clusion of an investigator who found 
a correlation between low protein in- 
take and high birth rate, and decided 
the former caused the latter. 

Statements such as “Spasm of the 
sphincter of Oddi probably secondary 
to fentanyl administration was re- 
sponsible for the roentgenographic 
obstruction, and the common bile duct 
exploration was unnecessary” make 
no sense and are useful only to plain- 
tiffs’ attorneys grasping for causal re- 
lationships. 

Most patients are premedicated 
with a narcotic, and many agents and 
tecniques have been used for gall- 
bladder surgery. With all, spasm of 
the sphincter of Oddi has sometimes 
been a problem and “unnecessary” 
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common duct explorations have had 
to be done. Better studies are neces- 
sary before condemning any agent or 
technique. 
BERNARD Horn, MD 
Vallejo, Calif 


Compensatory Hypertrophy 
of the Ileum 


To the Editor._In the March issue of 
the ARCHIVES, Dr Tilson et al are the 
authors of an article entitled “Com- 
pensatory Hypertrophy of the Ileum 
After Gastroduodenojejunal Exclu- 
sion” (Arch Surg 110:309, 1975). This 
is a study of the compensatory hyper- 
trophy of the gut by examination of 
the ileum after bypass of pancreato- 
biliary secretions to the colon. Hyper- 
trophy of the ileum occurred after 
esophagoileostomy and gastroduode- 
nojejunal exclusion. A hypothesis 
seeking to reconcile the conflicting 
notions of intraluminal and hormonal 
stimuli was discussed by the authors. 

In the discussion of the methods, 
there is a description of the experi- 
mental preparation. Animals were 
studied two weeks postoperatively. 
Absolutely no mention was made as to 
the nutritional support of the experi- 
mental animals. What kind of food 
was allowed? How much food was 
taken? Gut adaptation to luminal and 
hormonal factors depend, at least to 
some extent, on nutrient input. It was 
suprising to find an article discussing 
the influence of luminal nutrition on 
gut adaptation without even mention 
of the nutrition provided the experi- 
mental animals. Inclusion of specific 
quantitative and qualitative nutrient 
intake is absolutely essential in order 
to evaluate this study. 

In addition, no mention was made 
of the growth status of the animals 
following surgery. Did animals con- 
sume and absorb sufficient nutrients 
to provide for adequate growth? What 
were the weights of animals at the 
time of killing compared to initial 
weights? It has previously been shown 
that the gut shows adaptive response 
to malnutrition alone. 

ELEANOR A. YOUNG, PHD 
San Antonio, Tex 


In Reply.—The rats were fed ordinary 
rat chow ad lib, and no attempt was 
made to pair-feed. Experimental ani- 
mals had lost about 20% of their initial 
weight at the time of killing; whereas 
sham animals gained weight normal- 
ly. The point of the experiment, 


however, is precisely as stated in the 


first paragraph of the letter from Dr 


Young. It may be considered well 
laboratories — 


established by three 
working independently (references in 
original communication) that pan- 
creatobiliary secretions have a trophic 
effect on the intestinal mucosa. Our 
experiment was designed to get at the 
question of whether or not these 
secretions are an absolute require- 


ment for adaptive growth, irrespec- 


tive of nutritional condition. After 
bypass of these secretions to the colon, 
there was still evidence of compensa- 
tory hypertrophy. This observation is 
in the opposite direction of any effect 


_ > 


of malnutrition of which we are 


aware. The effect of starvation on the — 
gut is atrophy of the villi, unless the- 


starvation is intermittent. 


M. Davip Titson, MD — 


New Haven, Conn 


Carcinoid Tumor Metastatic 
to the Neck 


To the Editor.—We wish to thank Drs — 


Feldman and Plonk for their com- 
ments (Arch Surg 110:450, 1975) on 
“Carcinoid Tumor Metastatic to the 
Neck” (Arch Surg 110:111, 1975). 


They presented three patients with 


metastatic carcinoid to the supraclayi- 
cular nodes. We would agree that 
carcinoid tumor or any other gastroin- 
testinal malignant neoplasm occasion- 
ally presents with supraclavicular 
lymph node metastases. 

Our case was unique in that the 
metastatic node was high in the 
anterior cervical triangle, and there 
were no palpable supraclavicular 
nodes. To our knowledge, a similar 
case has not been reported. 

RICHARD E. WELLING, MD 
Cincinnati 


Blowhole Cecostomy 


To the Editor.—Regarding our article, 
“Blowhole Cecostomy for Cecal De- 


compression” (Arch Surg 110:444, 


1975), we would like to call attention 
to an oversight. An excellent descrip- 
tion of a similar operative technique 
appears in R.B. Turnbull’s Atlas of 
Intestinal Stomas (St Louis, CV Mos- 
by Co, 1967, pp 166-174). This was not 
referenced in our article and should 
have been. 

EUGENE D. GIERSON, MD 

F. KRISTIAN STORM, MD 

Harbor City, Calif 
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Robert M. Goldwyn, MD, Book Review Editor 


a 1101 Beacon St, Brookline, Mass 02146 


E 
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_ _ Treatment of Hand Injuries: Preservation and 


__. Res ation of Function, by Elden C. Weckesser, 
274 pp, $15, Year Book Medical Publishers Inc, 
= r 1974. 


~ This excellent little monograph is 
_ written by a hand surgeon with a 
K long experience in dealing with dif- 
~ ferent surgical techniques and prin- 
_ ciples in hand surgery. His con- 
= clusions and statements are the 
= reflection of many active years in 
_ treating acute hand injuries. From 
~ the actual case to the principle, there 
_ is a feeling of close reality that is en- 
hanced by illustrative examples taken 
_ from the daily surgical practice. 
= Due to its small size, this book could 
not possibly be complete or exhaus- 
= tive. There are many such manuals 
_ dealing with hand injuries, but this 
one is a valuable addition because it 
has the potential to help the begin- 
~ ner, the occasional hand surgeon, and 
= the surgical resident in dealing with 
= complex hand problems. 
= The book is divided into 12 chapters 
= each dealing with a special aspect of 
_ treatment of these injuries. Pitfalls 
and principles of treatment are enun- 
= ciated in a didactic fashion that en- 
Ji -ables the beginner to quickly grasp 
= more understanding of the subject. 


* _ An interesting last chapter that could 


‘ 


=~ 


+ 
2 


a & well be expanded presents 16 actual 
= cases that are used as tests in judg- 

ment in the field of hand trauma. 
This book is recommended to all in- 
=~ terested in hand surgery. 


a ApDRIEN AIACHE, MD 
A Beverly Hills, Calif 
. Wy By 

Eo Symposium on the Management of Cleft Lip and 


= Palate and Associated Deformities, vol 8, edited by 
= Nicholas G. Georgiade, 324 pp, $42.50, CV Mosby 
Co, 1974. 
= This publication combines the work 
rat = of 53 contributors of scientific and 
BY fo clinical papers from a symposium of 
E the Educational Foundation of the 
~ American Society of Plastic and Re- 
= constructive Surgeons held at Duke 
= University Medical Center, April 12 
through 14, 1973. The principal con- 
tributors are plastic surgeons, but 
other medical and allied professionals 
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are represented. The book deals with 
management but has a substantial 
scientific base and contains an excel- 
lent bibliography. 

It has five parts: part 1, General 
Considerations Regarding Etiology 
and Management of the Cleft Lip and 
Palate”; part 2, “The Unilateral Cleft 
Lip”; part 8, “The Bilateral Cleft 
Lip”; part 4, “The Cleft Palate”; 
part 5, “Secondary Procedures in the 
Treatment of Cleft Lip and Palate 
Patients.” 

Each section is comprehensive and 
instructive. There is a wide spectrum 
of material, from anesthetic manage- 
ment to repair of fistulas and max- 
illary orthodontia as well as speech 
therapy. Basic surgical techniques 
with helpful variations and innova- 
tions are clearly shown. Especially re- 
warding are the results presented af- 
ter a 20-year follow-up. 

In summary, this volume is a sub- 
stantial contribution to the field of 
cleft lip and palate management. 

VERNER V. LINDGREN, MD 
Portland, Ore 


Quick Reference to Surgical Emergencies, 
edited by Gerald W. Shaftan and Bernard Gard- 
ner, 664 pp, JB Lippincott Co, 1974. 


The authors, with 29 contributing 
specialists, have compiled a volume of 
concise descriptions of the diagnosis 
and treatment of surgical emer- 
gencies. The common emergency 
problems of trauma and infections of 
mechanical and congenital cause are 
presented. The basis of the opinions 
and protocols is the experience of the 
King County Hospital, and the con- 
tributors are essentially the surgical 
specialists in the Downstate Medical 
Center of the State University of 
New York. 

The book is organized and indexed 
primarily by systems, to provide easy 
and ready access to the discussion of 
the management of each surgical 
emergency. It is not intended to be a 
text, since the presentation of each 
entity is brief and decisive. Nor, for 
most conditions, is it a cookbook out- 
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line of what to do, since diagnosis of 
many emergencies requires a broad 
and current background of medical 
knowledge, and surgical care of the 
majority of these problems requires 
the services of the appropriate surgi- 
cal specialist. As stated in the pref- 
ace, the book is designed to supple- 
ment the knowledge and to sharpen 
the approach of the physician faced 
with a surgical emergency by ac- 
quainting him with modern, first-rate 
methods of diagnosis and treatment. 
CARL H. McLAUTHLIN, MD 
Denver 


Symposium on Reconstructive Hand Surgery, 
edited by J. William Littler, Lester M. Cramer, 
and James W. Smith, 324 pp, $42.50, CV Mosby 
Co, 1974. 


This volume is the ninth publica- 
tion of a series of symposia sponsored 
by the Educational Foundation of the 
American Society of Plastic and Re- 
constructive Surgeons. The collected 
short essays offer a “feast” of re- 
constructive hand surgery. In the 
opening chapter, the senior editor 
delights and instructs the reader with 
his life-size drawings illustrating 
hand structure and function. R. B. 
Eaton has summarized the archi- 
tecture and mechanics of finger joints 
and ligaments in a succinct chapter. 
The most complete entry, welcomed 
by all hand surgeons, is a chapter on 
neurophysiology and electrical test- 
ing. 

The remaining chapters offer a pot- 
pourri of short entrées and side dishes 
eg, “Vascular anatomy and Shunting 
Systems Through the Humerus,” 
"Tourniquet Ischemia, Muscle 
Anoxia, and Operative Edema,” 
“Hand, Wrist and Forearm Inci- 
sions,” “Splinting the Hand,” and 
“Severed Tendons/Nerves Distal to 
the MP Joint.” A particularly meaty 
section is devoted to congenital hand 
anomalies in which Dr. A. E. Flatt 
presents, in detail, his operative tech- 
nique for syndactyly. The poorly un- 
derstood cases of macrodactyly are 
discussed by Dr. M. T. Edgerton and , 
Prof Millesi. Well worth reading is 
Dr. Littler’s historical survey of 
thumb reconstruction and advice in 
restoration of “that special first pre- 
axial digit” (although the name of the 
father of digital transfer, F. J. O. 
Guermonprez, is misspelled and the 
technical innovations of Buck- 
Gramcko are excluded). 

The concluding chapters, devoted to 





~ 





“What’s New”—catheters, bones, in- 
struments, sutures, and so on—are far 
too short to deserve chapter status. 
Dr. Flatt’s essay on prosthetic joints 
is worthy of mention. Professor Mil- 
lesi’s exciting ideas on nerve repair 
are scrambled between two chapters 
and presented in a conversational 
style without illustrations or clinical 
data. The microvascular entries are 
dated by recent accomplishments in 
the field. 

The dessert may satisfy the appe- 
tite: Dr. J. E. Murray’s philosophic 
musings on approaches to congenital 
anomalies, youth and aging, and a 
comparison of science and art in sur- 
gery. 

This volume certainly should be se- 
lectively read by all those interested 
in reconstructive hand surgery. How- 
ever, I doubt that an economical sur- 
geon would have a copy in his library. 
The fault is not the hosts but rather 
the caterers. The volume is padded— 
there are 310 pages of text, 30 are 
blank, and, at $42.50, that is 15¢ per 
informative page. The meal is over- 
priced and not all that filling. 

JOHN B. MULLIKEN, MD 
Boston 


Acute Fluid Replacement in the Therapy of 
Shock, edited by Theodore I. Malinin, Robert 
Zeppa, William R. Drucker, and Arthur B. Calla- 
han, 307 pp, $23.50, Stratton Intercontinental 
Medical Book Corp, 1974. 

For the rest of this decade this will 
be a valuable reference for any inves- 
tigator of hemorrhagic shock. It deals 
primarily with the study of hemor- 
rhagic shock in the laboratory on a 
variety of experimental models with 
a variety of conclusions, hence it is of 
little value to the practicing clinician. 
Detection of the subtle differences be- 
tween experiments requires experi- 
ence in reading the literature in 
shock, and there is no definitive sum- 
mary, hence the book has limited 
value to medical students or resi- 
dents. The book is composed of the 
papers presented at a 1973 sympo- 
sium (sponsored by the University of 


*Miami and the US Navy), which rep- 


resents a good but by no means com- 
plete sampling of major contributors 
to shock and fluid research. Hence, it 
is not an all-inclusive reference on the 
subject. 

The book is divided into four sec- 
tions: (1) pathophysiology, (2) blood, 
(3) fluid resuscitation, and (4) mis- 
cellaneous. The first section contains 
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some good reviews but it is far from a 
complete discussion of pathophysiol- 
ogy of shock. The second and third 
sections contain up-to-date informa- 
tion on frozen blood, autotransfusion, 
Vietnam transfusion statistics, and a 
variety of experiments on various 
types of cell-free fluid resuscitation. 
The fourth section adds nothing new 
to the topic of this book. 

The book has the advantages and 
disadvantages of a published invited 
symposium. The individual contribu- 
tions range from excellent to useless, 
from general reviews to personal re- 
views, to descriptions of single exper- 
iments, to “how-I-do-it” anecdotes. 
Most of the contributions are pre- 
sented with a good description of ex- 
perimental methods and results, fol- 
lowed by discussion and review laced 
with references that support the un- 
abashed conclusions of the investiga- 
tor. This format affords the opportu- 
nity for each participant to make a 
strong case for his point of view. The 
discussion among these investigators 
must have been the most valuable 
part of the conference, however it is 
not included in the book. Excellent 
contributions include Blaisdell’s re- 
view of his own series of experiments 
on the dog, Collins’ review of his ex- 
periments in the rat, Moss’s review of 
his experiments in the baboon, and 
Skillman’s disarmingly simple studies 
in man (the only human study in the 
book). Significant new contributions 
include the value of washed vs non- 
washed red blood cells in auto- 
transfusion, major myocardial de- 
pression produced by citrated blood, 
and the importance of total sodium 
rather than total volume infused in 
resuscitation. Wangensteen’s schol- 
arly and forthright dismantling of 
the myocardial depressant factor the- 
ory he had helped to construct should 
be required reading for everyone in 
shock research. 

One reaches the summary of this 
book with great expectations. The 
major current points of controversy 
(tissue and intracellular monitoring 
techniques, colloid vs crystalloid re- 
suscitation, pulmonary capillary ki- 
netics during shock and resuscitation, 
sodium ion vs volume vs colloid impor- 
tance, clinical significance of various 
animal models, new starch and gel 
colloids) have all been presented and 
vigorously supported by their various 
proponents. The editors have a great 
opportunity to sift through their sym- 
posium; point out the differences in 
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models, methods, and conclusions; 


Be 
lect the valuable nuggets; draw at- H 
tention to unsupported personal ob- 





servations; and, in general, make the _ 


body of the text usable. Unfortu- 


nately, the summary consists of 
rather bland platitudes geared ta "H 
medical students and has no specifie 
references to the text. The index of- _ 


fers no further help. 


The shock researcher who takes the É 3 
time to read this book and prepare his 
own index will have a very valuable 


reference. 


Robert H. BARTLETT, MD 


A 
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Irvine, Calif 
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Surgery of the Thyroid Gland, by Cornelius E. 
Sedgwick, 207 pp, $12, WB Saunders Co, 1974. E 


po 


P 
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This is the latest (15th) monograph y i 


in a series of established excellence. ag 
The chapters on surgical anatomy, 


a 


surgical pathology, and the surgical _ 
significance of thyroid isotopology € 
are of interest to the clinician. The _ 


section on the treatment of thyroid 


cancer is well balanced. The author 
justifies his own choice of treatment _ 


in various clinical settings while giv- a 
ing due credit to divergent opinions. _ 

There is no mention of possible dys- 
phagia and hoarseness in the clinical 
description of subacute thyroiditis, al- 
though these symptoms, when pres- — 


‘ys 


ent, can seriously suggest cancer. A 


+ 
") 
r 


a 


7 


i 
x 
i 
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list of the common iodine-containing _ 


drugs 
taries) and a more specific outline 


interpretation) in patients with a 
recent history of intake of thyroid 


hormone or iodine would have been — 
worthwhile additions. Clinical diag- 


nosis and methods of sequential mea- 


surement of exophthalmos, as well as — 
the principles of management of pro- — 


gressive exophthalmos, would also 
have helped the clinician. 


Figure 12-1 shows the neck ex- — 
tended (and not flexed as mentioned — 
in the caption). Even though dia- 


grammatic, the apex of a skin flap as 


acutely angled as shown in Fig 12-18. 


would probably necrose. 

These are, however, minor crit- 
icisms of a book that contains much 
useful and relevant information in a 
small volume. This monograph will be 
a worthwhile addition to the library 
of a surgical resident or a practicing 
surgeon. 

RANES C. CHAKRAVORTY, MD 
Salem, Va 
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Surgery of Repair as Applied to Hand Injuries, ed 


| 4,by B. K. Rank, A. R. Wakefield, and J. T. Hues- 
4 ton, 390 pp, $15, Longman Ine, 1974. 


r 
4 


% 


: _ This book presents methods for 
management of soft tissue injuries 
of the hand that have been proved 
through years of experience to pro- 


vide the optimum environment for 


= restoration of function in the hand. 
The authors have purposefully 


Èo omitted more recent techniques that 
A have not been thoroughly tested by 


time and use. 
~The book is organized around ac- 
_ tual patient encounter and manage- 
oe ment rather than anatomically dis- 
parting the hand and discussing each 
part individually. Since management 
is limited primarily to soft tissue re- 
_ pairs, this approach provides an excel- 
fient presentation. 


E The book is divided into five sec- 
= tions. The initial chapters are con- 


d 5; 


cerned with the incidence and social 


is _ and economic considerations of hand 
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== The second section 


‘injuries. Properly, one is led through 
the surgical anatomy and the organi- 
_ zation of the operating room to pro- 


= vide optimum treatment and exami- 
Š- nation and appraisal of the recently 


Breed hand. The primary thrust 
here is toward evaluation of tendon 


di 


= and nerve function. The evaluation 


and implications of bony injury are 
limited, as acknowledged by the au- 
= thors. If the injury involves bony 
structures, one is referred to standard 
_ textbooks on that subject. 

is directed 


_ toward primary treatment, ie, anes- 


LOR 


E 


thesia, cleansing, final assessment of 
_ the damage, and methods of wound 
closure. Basic principles of suturing, 
_Z-plasties, and skin grafting are pre- 


z A sented. Wounds are divided into two 
= types: tidy and untidy. Tidy wounds 


~ postoperative management 


me include skin and soft tissue loss, 
= guillotine-type finger amputations, 
- and severed nerves and tendons. The 
= methods of management stress basic 


_ principles regarding the use of free 


and pedicle grafts and primary repair 
of tendons and nerves. The need for 
is ac- 


= knowledged briefly and is inade- 





quately discussed. This is one of the 
major deficiencies in the book. 

Untidy wounds consist of crush, 
mangling, avulsions, degloving, com- 
pression, and explosive injuries and 
the less common injuries such as 
wringer, roller, grease gun, and ring 
avulsions. 

In the third section there is a brief 
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discussion of unhealed wounds of the 
hand and the need for restoration of 
joint mobility. Sections 4 and 5 pre- 
sent elective secondary repair of 
healed hands. These sections contain 
very basic information regarding the 
realistic approach to the restoration 
of function in the healed but poorly 
functioning hand. Again the stan- 
dard techniques of flaps, grafts, and 
Z-plasties are discussed as are second- 
ary repair of deep structures (ten- 
dons, nerves, joints, and bones). 

In conclusion, this book is a collec- 
tion of the personal experiences of 
the authors who have used and re- 
fined basic techniques to obtain su- 
perb results. This is most valuable for 
the inexperienced hand surgeon. The 
omissions leave the more experienced 
hand surgeon with a feeling for 
range and depth. The sparse bibli- 
ography is unfortunate. 

Certainly all involved in the man- 
agement of hand injuries will benefit 
from reading the book from cover to 
cover as a presentation of proved ba- 
sic techniques. 

PauL M. WEEKS, MD 
St. Louis 


Symposium on Reconstruction of the Auricle, vol 
10, edited by Radford C. Tanzer and Milton T. 
Edgerton, 312 pp, $42.50, CV Mosby Co, 1974. 


Any surgeon who is confronted by 
problems of deformity or absence of 
the auricular appendage will find this 
symposium fascinating and ex- 
tremely helpful in relationship to a 
variety of surgical solutions. 

When multiple authors are in- 
volved, the published results of any 
symposium can tend to lack cohesive- 
ness; in this case, however, the editors 
have done a skillful job of organizing 
this information. This book should be 
considered a definitive work on this 
subject. 

Section 1, a discussion of anatomy, 
embryology, and classification, is 
somewhat tedious but perhaps neces- 
sarily so. A well-illustrated chapter of 
associated deformities is followed by 
a chapter on growth studies. Section 2 
compares various recognized forms of 
treatment for microtia, and here the 
discussion that is included in question 
and answer form in its entirety is 
often more revealing than the pre- 
pared presentation. The majority of 
authors and discussors tend to favor 
autogenous cartilage for ear recon- 





struction because of the relatively 
high complication rate of sillicọne 
rubber and the fact that complica- 
tions are more severe when they oc- 
cur. Also, in the discussion are several 
good points by Dr. Osamu Fukuda of 
Tokyo baseđ on an experience of 891 
reconstructed ears. In section 3, 
“Lesser Congenital Deformities of 
the Auricle,” I was particularly im- 
pressed by the chapter of Mr. Jack 
Davis (of Buenos Aires), “Repair of 
Severe Cup Ear Deformities.” He 
showed several difficult problems 
solved by a variety of ingenuous sur- 
gical maneuvers giving outstanding 
results. The last chapter in the section 
(on cryptotia) suffered from the au- 
thor’s lack of experience on this sub- 
ject, as it is a rare occurrence in 
whites. The subject was filled out, 
however, by the discussion of Dr. Fu- 
kuda of Tokyo, who reported his expe- 
rience with 226 cases. Section 4 gives 
an exhaustive discussion of hearing 
problems and the intricate surgical 
approaches familiar to a specialized 
ear, nose, and throat surgeon. The in- 
formation is useful to the plastic sur- 
geon in order to organize a combined 
approach to a complex problem. Sec- 
tion 5, on nonsurgical considerations, 
is followed by sections 6 and 7, deal- 
ing with problems of ear deformities 
secondary to various types of trauma, 
where the problems and precautions 
related to extensive scarring are ex- 
amined. Sections 8 and 9 on associ- 
ated congenital facial deformities are 
interesting, but are necessarily 
rather superficial treatments of the 
very complex subject of hemifacial 
microsomia. These sections alone 
could be the subject of a complete 
symposium. The chapter on “Embry- 
ology of Hemifacial Microsomia” is 
excellent, particularly in the clarity of 
the illustrations. Color-coded plates 
following the development of a 4- 
week embryo to the fully developed 
child are particularly helpful in sim- 
plifying a complex subject. 

This symposium gives an up-to- 
date and solid coverage of the subject. 
As Dr. Curtin mentioned in the dis- ° 
cussion of section 2, not everyone 
should do ear reconstruction, but for 
those interested and willing to devote 
the time to develop expertise in this 
field, I would consider this book an ex- 
tremely valuable source of inforrfia- 
tion. 

GEORGE H. GIFFORD, JR., MD 
Boston 
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X-ray Anatomy of the Vascular System, by G. 
Lyzsa, 387 pp, $27, JB Lippincott Co, 1974. 


This book presents in considerable 
detail verbal descriptions of the anat- 
omy and major variations of the vas- 
cular system. As an anatomy text, it 
is useful; however, the method of il- 
lustration chosen creates some diffi- 
culties for its use as an atlas, par- 
ticularly by the angiographer. 

Most of the roentgenographic illus- 
trations are made of postmortem bar- 
ium injections, each supplemented by 
semidiagrammatic line drawings on 
the corresponding facing page. This 
method works better for some parts 
of the body than for others. In most 
instances, unfortunately, postmortem 
angiography offers little to corre- 
spond to what is encountered in liv- 
ing patients, so that reference to these 
illustrations can be difficult and possi- 
bly misleading. Furthermore, many 
of the illustrations of roentgen- 
ograms are virtually undecipherable 
because of the flooding of overlapping 
vessels with barium. Some improve- 
ment might have been gained by 
using subtraction technique, but even 
so, the illustrations would remain un- 
physiologic. Where detailed illustra- 
tions would have been welcome, they 
are frequently lacking. Angiography 
has made enormous strides in recent 
years, and the vascular anatomy of 
individual organs has been minutely 
explored and detailed. These results 
are available in books and journals, 
and it is these that are most needed 
by the angiographer. Perhaps this de- 
parture from what one might have 
hoped for can be explained if one 
adopts the view that it was the au- 
thor’s intent to produce a text detail- 
ing human vascular anatomy using a 
technique of radiology to supply some 
gross illustrations without ever in- 
tending it to be used as an encyclope- 
dic reference by a modern angiogra- 
pher. Perhaps it will be possible to 
produce such a detailed atlas in the 
future. It would surely be welcome. 

The method of diagrammatic illus- 
tration derives closely from the Eu- 

,ropean radiologic literature and is no- 
table of its clarity of line. The book is 
arranged regionally, with different 
chapters devoted to blood vessels of 
the thorax, head and neck, and so on. 
As the author points out, the post- 
mortem injection study opens some 
colfateral pathways that are not en- 
countered clinically. 

It is curious that many areas are 
treated relatively sketchily where 
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more detailed anatomy could have 
been provided, such as, coronary ar- 
teries and the brain. There is an 
unusual appendix on the roentgen- 
ographic morphology of neonatal cir- 
culation, again performed on a non- 
living specimen, and some rather 
gratuitous illustrations of injected 
specimens of male and female repro- 
ductive organs. There is an extensive 
bibliography of world literature and a 
careful index. 

The book can serve as an admirable 
anatomie text to which the use of ra- 
diology is an almost incidental aid. 
The angiographer, however, may not 
find his need fully served. 

NorMAN D. LEVINE, MD 
Los Angeles 


Manual of Medical Therapeutics, ed 21, edited 
by Edgar C. Boedeker and James H. Dauber, 476 
pp, $7.95, Little Brown & Co, 1974. 


To review this latest edition of 
what must be considered the “bible” 
of the fourth-year medical student- 
intern-resident group is, of course, a 
Herculean task. It suffices to say that 
this volume serves as a most complete 
reference to the treatment of dis- 
eases that are found, for the most 
part, in a hospital setting, and its 
portability and well-organized, con- 
cise format have led to its continuing 
popularity. For the fourth-year medi- 
cal student or clinical clerk, the book 
starts with the basic outline of orders 
for patients and the kind of routine 
problems dealing with general care. 
For the most advanced house officer, 
detailed evaluation of such things as 
hyperlipemia and bleeding disorders 
make it an excellent reference text as 
well. Compared to previous editions, 
the general format is similar, with 
new chapters on acute respiratory 
failure, gastrointestinal tract bleed- 
ing, and neurological emergencies. 

The chapter on the choice of anti- 
microbial agents rivals only the spe- 
cial edition on antimicrobial therapy 
published by the Medical Letter on 
Drug and Therapeutics, and the 
chapters on diabetes mellitus and the 
therapy of thyroid disorders are of 
particular interest and are both up to 
date and accurate. 

The value of this text for any 
particular surgeon or internist is 
somewhat debatable because many of 
the problems seen routinely in office 
practice are not covered to any great 
extent within this manual. 

Criticism of this manual is, of 





yk Bi 
course, by the very nature of the 
proved value of the text, only a mat- 
ter of personal preference and not of 
content. Since the text is generally 
carried about, its size is convenient 
but it is flimsy too, and if it would not 
recessitate much of an increase in- 
cost, it could be of sturdier material. 
A thumb index of the various sections — 
would also be useful. There is defi- 
nitely a need to look to the index, — 
which unfortunately may be the first — 
pages to suffer wear and tear. iy 
This is an excellent volume, as all — 
the preceding ones have been, and it 
is almost guaranteed to continue to 
be one of the more popular texts 
among physicians in training. E 
RICHARD P. Zimon, MD 
Brookline, Mass E 


Congenital Deformities of the Hand and Fore- i 
arm, by H. Kelikian, 1,007 pages, $35, WB Saun- 
ders Co, 1974. i 

The last two decades have wit- — 
nessed a burst of interest in the etiol- — 
ogy, classification, and management ~ 
of congenital malformations. This 
volume is the culmination of the ef- 
forts of one man’s dedication to this — 
subject. The author of this book, Eme- _ 
ritus Prof Kelikian, is a former pro- 
fessor of orthopedic surgery at North- 
western University Medical School in 
Chicago. The objective of the book, as 
stated in the preface, is to examine 
the past and to present the author’s — 
own experience in this challenging 
field of surgery. : 

The book is divided into 29 main 
chapters. At the beginning of each 
chapter the author traces the histori- _ 
cal evolvement by citing the various 
authors in chronological order. This 
chronology helps to provide the nov- 
ice with the needed background and H 
broadens the reader’s perception of 
this complicated field. 

The first three chapters are devoted 
to the outlining of the definition and 
scope of congenital anomalies and a 
discussion of etiology and possible 
conjectural causes. He traces the nu- 
merous classifications from 1829 to 
the present and adopts the anatomi- 
cal classification of O’Rahilly and of 
his followers, notwithstanding its 
limitation. In the subsequent three 
chapters he discusses the various syn- 
dromes involving the hand and fore- 
arm, the aim and timing of surgical 
treatment, and then outlines the spe- 
cific surgical techniques necessary for 
the specialized reconstructive proce- 
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Hares. He a the established 
| B tenets that function must take prece- 
“ dence over appearance and that it is 
_ desirable to complete corrective sur- 
~ gery before the age of 4. 


a _ The next seven chapters deal with 
anomalies of the nails, anomalies of 
om _ terminal (ungual) phalanges, brach- 
4 _ydactyly, hyperphalangism, symphal- 
= angism, syndactyly, mirror hand, 
ie -split hand complex (cleft hand), an- 
> fe -nular grooves, and allied acral (ter- 
minal) absences. Thus far, these 
_ divisions comprise the conventional 
A & entities of congenital deformities of 
j E the hand. In resolving the formidable 
task of fitting all anomalies into neat 
= compartments, the author compro- 
E _ mised by piling together a couple of 
- dozen nonrelated entities on the basis 
= Oof one common feature, namely, 
Pe; “Anomalies of Digital Position.” 
= These included congenital clasped 
ae - thumb, arthrogryposis, Klippel-Feil 
=o syndrome, Leri pleonosteosis, and Ru- 
= benstein-Taybi syndrome, to mention 
» a few. 
Chapter 22 deals with Madelung 
` deformity, a condition that is pre- 
=~ sented in some detail and with dis- 
== cussion of the method of correction 
= preferred by the author. Surgery is 
= indicated when the wrist is painful or 
= deformity is conspicuous; it involves 
= osteotomy of the radius and excision 
= of distal end of the ulna. 
== Thechapter on radial ray defect in- 
= cludes the incidence, theories of ori- 
= gin, the anatomy, and various asso- 
= ciated deformities in other body 
= systems, including Fanconi anemia. 
-~ The author recommends the accepted 
_ realignment of the hand and stabili- 
= zation of the carpus on the ulna with 
_ the aid of a steel pin. If contraction is 
= severe, release of the flexor muscle 
= origin at the elbow facilitates prelim- 
-= inary realignment of the hand with 
the ulnar axis. He does not discuss the 
various muscle transfers that have 
== been recommended to help maintain 
the dynamic alignment of the hand. 
Restoration of prehensile function 
(chapter 24) for absent thumb in- 
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cludes deepening of the web (phal- 
angization), transfer of digit, com- 
posite bone and skin graft, and toe 
transfer. The author prefers a two- 
stage procedure for pollicization of 
index finger, utilizing abdominal flap, 
and illustrates the various methods he 
found useful for immobilization, 
stabilization, and fixation with the 
ubiquitous K wires. He did not allude 
to recent work by Millesi, who intro- 
duced some interesting modifications 
for pollicization. 

The important feature of this ency- 
clopedic book is the exhaustive histor- 
ical survey of literature that makes 
up the initial discussion of each chap- 
ter and the complete bibliography at 
the end. Both demonstrate the depth 
of the author’s immersion into the 
world literature. Occasionally a mis- 
conception is corrected. 

The volume is generously illus- 
trated with sequential black-and- 
white photographs and roentgen- 
ograms and, in addition, explanatory 
line drawings that emphasize the de- 
formity by outlining the abnormal 
component with a heavy line. The sur- 
gical technique is similarly illus- 
trated. The profusion of the illustra- 
tions, which tell their own story, 
reaffirms the wide clinical experience 
that the author amasssed during the 
years of practice, and provides a 
relief from the titled paragraphs 
enumerating the cavalcade of nonre- 
lated entities that are included in 
some chapters. 

The unifying quality of the book, in 
addition to the ritualistic preoccu- 
pation with historical evolvement of 
the entire subject, is the provision of 
précis-like summaries of the salient 
features at the end of each chapter. 

The main criticism of the book is 
the seeming lack of controversy in a 
subject that one would anticipate 
would abound with it. One wishes 
that there were more expert inter- 
disciplinary discussion of heredity, 
environmental factors, genetic coun- 
seling, and other controversial areas, 
such as the timing of institution of 





treatment in some specific congenital 
anomalies, eg, absence of radial cof- 
ponent, including the thumb. - 

The author fails to mention that 
the classification suggested by Swan- 
son and his associates (1968) has been 
adopted for trial by the World Feder- 
ation of Hand Societies and forms an 
important alternative to the one he 
has adopted. Some authorities regard 
the acrosyndactylies associated with 
terminal fusion, but with formed 
cleavage of proximal portion of the 
digits, as being of distinct etiological 
nature (“secondary type”) from the 
conventional “primary” syndactyly 
involving the whole digit. This dis- 
tinction is not mentioned by the au- 
thor. 

The errors are few: occasional typo- 
graphical errors were missed in the 
quoted classification (p 66); Fanconi 
anemia is not listed in the index. 
However, the index contains both the 
eponyms and the clinical description 
of different congenital deformities 
and cross-references are included. 

The other limitation of this book is 
that with such profusion of individual 
congenital deformities, as are in- 
cluded in the various chapters, the rec- 
ommended specific treatment is not 
always listed. Moreover, the author 
fails to stress that, notwithstanding 
the early correction of the specific de- 
formity, new imbalances are inevi- 
table with growth, and constant vigi- 
lance is required to overcome them. 

This book tends to stress the per- 
sonal experience of the author; one 
can browse through the illustrated 
portion of the book and glean useful 
information from the numerous per- 
sonal cases that are included. How- 
ever, the most worthwhile feature 
of this volume is the compendium of 
historical material gleaned from the 
world literature. It is also an ency- 
clopedic collection of numerous con- 
genital deformities blended with the 
extensive personal clinical experience 
in this difficult and challenging field. 

MARTIN A. ENTIN, MD 
Montreal 
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Space Age Microbicidal Powe 


For optimal preoperative skin degerming — BETADINE Surgical Scrub. Chosen 
by NASA for Apollo 11/12/14 splashdowns, BETADINE Surgical Scrub provides 
a golden microbicidal lather for prepping the operative site... kills both gram- 
positive and gram-negative bacteria (including antibiotic-resistant strains), fungi, 
viruses, protozoa and yeasts... promptly achieves full microbicidal effect with 
each usage. (In the rare instance of local irritation or sensitivity, discontinue use 
in the individual.) 


To enhance antisepsis— BETADINE Solution or BETADINE Aerosol Spray. After 
initial prepping with BETADINE Surgical Scrub, paint the operative area with 
BETADINE Solution (chosen by NASA for the Skylab mission), or spray with 
BETADINE Aerosol Spray...both are fully microbicidal and film-forming... 
maintain microbicidal activity in the presence of blood, pus and serum.. .treated 
area may be bandaged, taped or covered by a cast. 


To help maintain postoperative antisepsis— Reapply BETADINE Solution or 
BETADINE Aerosol Spray after suturing and during redressing. BETADINE 
microbicides are virtually nonirritating and do not stain skin and natural fabrics. 


PHOTOGRAPH: SKYLAB IN ORBIT, COURTESY OF THE NATIONAL AERONAUTICS AND SPACE ADMINISTRATION. 


Purdue Frederick 


OCOPYRIGHT 1974, THE PURDUE FREDERICK COMPANY/NORWALK, CO 
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_ For insomnia 
in the hospital... / 
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Unfamiliar schedule and surroundings, lack of 
privacy, nighttime disturbances — these can all 
contribute to hours of wakeful discomfort when 
the hospitalized patient should be asleep. This 
problem can be particularly serious if the patient 
has a history of insomnia prior to admission. 


~ 


Fy sE, $’ 
> = « Pras ed ee e 
te -- af 
E ENE f° af 
RN Srii “ kA gign a 
ae. tes HEN oe 
‘) m T TE ea. f P s he Yy a 
N An tae \ ’ 
è gid) (Y ` s y3 
V A 7 Uy . 
f We, s 
rz 7 K 
y il 7 






















E. WA (ae, So gg = i Ea 
Ty fee Vy egga is y tfia otep Srpftgtipz itir PALIIT, [TOY ttre EAEE EET ETE, PERETE T £ 
PUCUYOUMONY ENE EECA á sW T N 
— zm < dae! mitre, i: R RY / j I ho ie e 75 x ; ; _ a 
5 Slt e aid / ' if iA Slat Chey ff ‘i 7 t// j’ '/ TEEF] A/a Ti r: N, / Wy free yyin : 
sin a i ae á An effective sle 
MIE G medication is one that 
er saij can relieve insomnia in 
i, = ji H e e © 
M 4/,/ i = à / UND hospitalized patients... 
lt THY" pligran "fin fe AY Le MYA te aa a ULIT h No sleep medication can counteract extreme 
/ YY "y / / Y “sleep disturbers.” But when indicated, 
Dalmane (flurazepam HC!) can often 
| provide relief from insomnia. It reduces 
nighttime awakenings, prolongs sleep and 
induces sleep rapidly in hospitalized 
patients— with the convenience of a 
Patients in one study single h.s. dose?> 
1 
named what kept them awake... 
. ” . . Lz 
The “sleep disturbers” mentioned by patients on | aime LEED ag yy 


a heart surgery floor included cardiac monitor 
wires, noise in the corridors, a squeaky water 
faucet, the bedpan sterilizer, talking and the 
telephone ringing at the nurses’ station, and 
other patients receiving care.! Many of these 
disturbances were unavoidable. 
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Summary of Objective Results 25 
(average improvement over baseline) 





Dalmane Placebo Dalmane Placebo 

(flurazepam (flurazepam 

HCI) 30 mg HCI) 30 mg 
Dalmane (flurazepam HCI) 


significantly improved 
sleep induction and 
maintenance in 
hospitalized orthopedic 
patients?5 


When evaluated against placebo in 26 
subjects each, Dalmane was superior in 
reducing sleep latency and nighttime 
awakenings and in prolonging sleep...over7 
consecutive nights following one baseline 
no-medication night. Patients’ subjective 
estimates agreed with objective 
observations2.5 
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And is relatively safe, 
seldom causing 
morning “hang-over 


Dalmane is generally well 
tolerated. It may be used in 
patients on chronic warfarin 
therapy; no unacceptable 
fluctuation in prothrombin 
time has been reported? ® 
Usual precautions should be 
observed in patients with 
impaired renal or hepatic function; / 
in the elderly and debilitated, i s 
initial dosage should be limited to 4 
15 mg to help preclude oversedation, 
dizziness or ataxia. 
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Consider 
effectiveness 
in the hospital 


Dalmane 
tlurazepam HC! 


One 30-mg capsule h.s.— usual adult dosage 
(15 mg may suffice in some patients). 

One 15-mg capsule h.s.— initial dosage for 
elderly or debilitated patients. 


o The convenience of a single h.s. dose 
o Fewer nighttime awakenings 
} © Clinical effectiveness proven in the 


sleep research laboratory 
o Seldom causes morning “hang-over” 
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Dalmane 


for insomnia 
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in the hospital 


flurazepam HCI 


The convenience of 


a single /1.s. dose 


m Fewer nighttime 
awakenings 

m Increases total 

sleep time 

m Induces and maintains 
sleep night after night 

m Relatively safe and 

well tolerated 

= Seldom causes morning 
“hang-over” 


Before prescribing Dalmane (flurazepam 
HCI), please consult complete product 
information, a summary of which follows: 


Indications: Effective in all types of insomnia 
characterized by difficulty in falling asleep, 
frequent nocturnal awakenings and/or early 
morning awakening; in patients with recurring 
insomnia or poor sleeping habits; and in 

acute or chronic medical situations requiring 
restful sleep. Since insomnia is often transient 
and intermittent, prolonged administration is 
generally not necessary or recommended. 


Contraindications: Known hypersensitivity 
to flurazepam HCI. 


Warnings: Caution patients about possible 
combined effects with alcohol and other 

CNS depressants. Caution against hazardous 
occupations requiring complete mental alert- 
ness (e.g., operating machinery, driving). 
Use in women who are or may become preg- 
nant only when potential benefits have been 
weighed against possible hazards. Not 
recommended for use in persons under 15 
years of age. Though physical and psycho- 


logical dependence have not been reported 
on recommended doses, use caution in 
administering to addiction-prone individuals 
or those who might increase dosage. 


Precautions: In elderly and debilitated, initial 
dosage should be limited to 15 mg to preclude 
oversedation, dizziness and/or ataxia. If 
combined with other drugs having hypnotic 
or CNS-depressant effects, consider potential 
additive effects. Employ usual precautions 

in patients who are severely depressed, or 
with latent depression or suicidal tendencies. 
Periodic blood counts and liver and kidney 
function tests are advised during repeated 
therapy. Observe usual precautions in 
presence of impaired renal or hepatic function. 


Adverse Reactions: Dizziness, drowsiness, 
lightheadedness, staggering, ataxia and 
falling have occurred, particularly in elderly 
or debilitated patients. Severe sedation, 
lethargy, disorientation and coma, probably 
indicative of drug intolerance or overdosage, 
have been reported. Also reported were 
headache, heartburn, upset stomach, nausea, 
vomiting, diarrhea, constipation, GI pain, 
nervousness, talkativeness, apprehension, 
irritability, weakness, palpitations, chest 
pains, body and joint pains and GU com- 
plaints. There have also been rare occurrences 
of sweating, flushes, difficulty in focusing, 
blurred vision, burning eyes, faintness, 
hypotension, shortness of breath, pruritus, 
skin rash, dry mouth, bitter taste, excessive 
salivation, anorexia, euphoria, depression, 
slurred speech, confusion, restlessness, 
hallucinations, and elevated SGOT, SGPT, 
total and direct bilirubins and alkaline 
phosphatase. Paradoxical reactions, e.g., 
excitement, stimulation and hyperactivity, 
have also been reported in rare instances. 


Dosage: Individualize for maximum beneficial 


One 30-mg capsule h.s.— usual adult dosage 
(15 mg may suffice in some patients). 

One 15-mg capsule h.s.— initial dosage for 
elderly or debilitated patients. 


effect. Adults: 30 mg usual dosage; 15 mg 
may suffice in some patients. Elderly or 
debilitated patients: 15 mg initially until 
response is determined. 

Supplied: Capsules containing 15 mg or 
30 mg flurazepam HCI. 
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PARERS READ BEFORE THE 23RD SCIENTIFIC MEETING 
OF KHE INTERNATIONAL CARDIOVASCULAR SOCIETY, 
BOSTON, JUNE 19-20, 1975 


The Time in Which We Dwell 
Allan D. Callow, MD, Boston 


Experience With Infected Aneurysms of the Abdominal Aorta 


Fredric Jarrett, MD; R. Clement Darling, MD; 
Eldred D. Mundth, MD; W. Gerald Austen, MD, Boston 


Seven of 12 patients treated with operation survived. 


Prognostic Indicators in Femoropopliteal Reconstructions 


Richard H. Dean, MD; James S. T. Yao, MD, PhD; 
Paul E. Stanton, MD; John J. Bergan, MD, Chicago 


Symptom severity, ankle blood pressure, arteriographic runoff, 
intraoperative flow important indicators. 


Crossover Femorofemoral Grafts Followed Up Five Years or More: 
An Analysis 


Donald K. Brief, MD; Bruce J. Brener, MD; 
Joseph Alpert, MD; Victor Parsonnet, MD, Newark, NJ 


Flow increased and disease progression possibly deterred 
in donor iliac artery. 


The Natural History of Bilateral Aortofemoral Bypass Grafts 
for Ischemia of the Lower Extremities 


James M. Malone, MD; Wesley S. Moore, MD; Jerry Goldstone, MD, 
San Francisco 


Combined disease profunda and tibial trifurcation carried 
poor prognosis. 


A Simple Method for Tissue Pressure Determination 


Thomas E. Whitesides, Jr, MD; Thomas C. Haney, MD; Hiroshi Harada, MD; 
Hamilton E. Holmes, MD; Kazuo Morimoto, MD, Atlanta 


Simple technique of tissue pressure measurement facilitates 
decisions regarding fasciotomy. 


Carotid Endarterectomy for Nonhemispheric Transient Ischemic Attacks 


John J. Ford, Jr, MD; William H. Baker, MD; Johann L. Ehrenhaft, MD, 
lowa City 


Ninety-five percent improved. 


Aortorenal Arterial Autografts: Late Observations 


Charles R. Lye, MD; S. Timothy String, MD; Edwin J. Wylie, MD; 
Ronald J. Stoney, MD, San Francisco 


Late results with iliac artery grafts highly satisfactory. 


Renal Artery Aneurysms: Significance of Macroaneurysms Exclusive of 
Dissections and Fibrodysplastic Mural Dilations 


James C. Stanley, MD; E. Leeon Rhodes, MD; Bruce L. Gewertz, MD; 
Cheng Y. Chang, MD; Joseph F. Walter, MD; William J. Fry, MD, Ann Arbor, Mich 


Arteriosclerotic changes often seen, but are probably secondary. 


ontents continued on p 1262. 
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Surgical Repair of the Incompetent Femoral Vein Valve 
Robert L. Kistner, MD, Honolulu 


Clinical improvement striking after careful phlebographic selection. 


Blood Viscosity, Plasma Proteins, and Raynaud Syndrome 


George W. Tietjen, MD; Shu Chien, MD, PhD; E. Carwile Leroy, MD: 
Irene Gavras, MD; Haralambos Gavras, MD: Frank E. Gump, MD, New York 


Viscosity increased according to all measurements. 


Retroperitoneal Approach for Portasystemic Decompression 


Ronald J. Stoney, MD; John Thomas Mehigan, MD; Cornelius Olcott IV, MD, 
San Francisco 


New approach when transperitoneal route contraindicated. 


Surgical Treatment of Popliteal Artery Injuries 


David M. Conkle, MD; Robert E. Richie, MD; John L. Sawyers, MD; 
H. William Scott, Jr, MD, Nashville, Tenn 


Penetrating injury without skeletal trauma easier to deal with. 


Unusual Manifestations of Penetrating Cardiac Injuries 


Manoucher Fallah-Nejad, MD; Herbert W. Wallace, MD; Chia C. Su, MD: 
Ahmed C. Kutty, MD; William S. Blakemore, MD, Philadelphia 


Diagnosis may not be obvious: late appearance not uncommon. 


Patient Selection for Cardiac Surgery in Left Ventricular Power Failure 


Philip N. Cascade, MD; Waldemar J. Wajszczuk, MD; Melvyn Rubenfire, MD; 
Stewart E. Pursel, MD; Adrian Kantrowitz, MD, Detroit 


Predictions derived from response to intra-aortic 
balloon pumping, ventricular and coronary angiography. 


Topical Myocardial Cooling: An Intensive Laboratory Investigation 


Harjeet M. Singh, MD; Alfred J. Tector, MD; Robert J. Flemma, MD: 
Derward Lepley, Jr, MD, Milwaukee 


Systemic cooling plus external and internal myocardial 
cooling give best results. 


Experimental Evaluation of Coronary Infusates in Dogs 


Seshadri Raju, MD; W. J. Gibson, MD; Bobby Heath, MD; Virginia Lockhart, PhD: 


Harold Conn, MD, Jackson, Miss 


An infusate with several ingredients produced a beneficial 
synergetic effect. 


Palliation of Tricuspid Atresia: Potts-Smith, Glenn, and Blalock-Taussig 


Shunts 


William G. Williams, MD; Lorraine Rubis, MD; George A. Trulser, MD: 
William T. Mustard, MD, Toronto 


Potts shunt initially the best, Glenn shunt added later. 


Contents continued on p 1267. 
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.. WHEREVER IT 


HURTS 








Wherever it hurts, 

Empirin Compound with Codeine 
usually provides the relief 
needed. 


HERE Herniated 
intervertebral disc 


HERE 


Fractured ribs 





In general, only pain so severe 


that it requires morphine is ® 
beyond the scope of 

Empirin Compound with Codeine. 

And Empirin Compound with 

Codeine provides an antitussive 

bonus, when coughing might 


put unwanted stress on 


healing tissues. 
(i prescribing convenience: 
4 Up to 5 refills in 
,o months, at your discretion 





(unless restricted by state law); 


by telephone order in many states. 
Each tablet also contains: 

aspirin gr 3¥2, phenacetin gr 2%, 
caffeine gr 1⁄2. 





mnie te altima #3, codeine phosphate* (32.4 mg.), gr. 2 
k irai North Carolina 27709 #4, codeine phosphate* (64.8 mg.), er. d 


*Warning — may be habit-forming. 
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Olympus examinations. ~ 
diagnoses. 


well managed patients. 








U COLONOSCOPE: 


Distinguished in its field by sharp, clear views, and its just-right 


flexibility for easy insertion. Exclusive elevator positions the ° s 
biopsy forceps or the electro-surgical snare to facilitate polyp Oly mpus provi des you wi th 


removal. the flexible fiberoptic 
instruments most widely used 


for contemporary diagnostic 

DUODENOSCOPE: and surgical techniques. 
Clear, bright examination and biopsy in the upper GI tract. Each of these revealing color slides 
automatic photography and easy one-hand control are a few + : 
of the benefits of the duodenoscope. Famous Olympus was taken by the physician during 
engineering provides all these functions plus endoscopic the examination, cannulation or 
retrograde cholangiopancreatography ... allin a 10mm surgery. Each presents a bright, 
diameter insertion tube. 


clear view and documentation, 
without open surgery, and with a 
minimum of patient discomfort, 


UPPER trauma, and time. 
GASTROINTESTINALSCOPE: You can learn much 
GIF Series fiberscopes provide examination and biopsy in all more from an actual patient 


upper GI areas to the second portion of the duodenum. Wide demonstration in your office or 
angle viewing and 4-way tip angulation facilitate easy 


insertion, thorough examination, precise target biopsy. hospital, or from detailed literature. 
Photography is automatic. Fill in and send this coupon. 


Al E E E M E E ee E a 
BRONCHOSCOPE: 


Visual examination, biopsy, cytology and cannulation for 
radiography, as far as the subsegmental bronchi of the 
upper lobe are performed with light-weight, one-hand 
control. The diameter of the insertion tube is only 
5.8mm. Distal end diameter is 5.2mm. Patient comfort 
and easy insertion are assured. 


Olympus Corporation of America 
MID 6. Two Nevada Drive 
New Hyde Park, New York 11040 


| am interested in 


[_] Please send literature. 
[C] Please have a representative call. 











Name 
5 Specialty 
Olympus fiberscopes for several other specialties. Diri teas ' 
are available, such as the Olympus CHF-B Zip 
Phone(_) 
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ANTISEPTIC 
SECURITY 


against topical infections 
of skin,wounds, burns 


BETADINE® Ointment provides 
prompt, prolonged broad-spectrum 
microbicidal activity against organ- 
isms commonly encountered in skin 
and wound infections. It is not greasy 
or sticky, and is virtually nonirritating 
to skin and mucosa. It does not stain 
skin and natural fabrics, does not 
block air, and the site of application 
may be bandaged. 


BETADINE Ointment Packette 1⁄2 oz. 
and 44 oz., disposable packettes for de- 
germing small skin areas, as in hyper- 
alimentation, catheter care, umbilical 
area Care or circumcision. 


BETADINE Ointment 1 oz. tube, for 
treating common skin infections and to 
help prevent infection in abrasions, 
lacerations and burns. 


BETADINE Ointment 1 Ib. and 5 Ib. jar, for 
anti-infective treatment of the burn wound 
or infected stasis ulcers... for extensive 

skin areas...or for prolonged application. 





Purdue Frederick 
©COPYRIGHT 1975. THE PURDUE FREDERICK COMPANY 
NORWALK, CONN. 06656 A8085 165375 





BETADIN 


Ointment 


Foremost documented 
broad-spectrum topical 
microbicidal action 
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The Blalock-Hanlon Procedure: Simple Transposition of the Great Arteries 1387 


Virginia Herrmann, MD; Hillel Laks, MD; George C. Kaiser, MD; 
Hendrick B. Barner, MD; Vallee L. Willman, MD, St. Louis 


* | Provides prolonged palliation. 
\ 


Surgical Treatment of Atrioventricular Canal Defect 1391 


Robert L. Hardesty, MD; J. Robert Zuberbuhler, MD: Henry T. Bahnson, MD, 
Pittsburgh 


For incomplete defect, mortality 7.1%; for complete, 35.3%. 


Prosthetic Valve Replacement in Children 1397 


Horace C. Stanse!, Jr, MD; Dov B. Nudel, MD; Michael A. Berman, MD; 
‘Norman S. Talner, MD, New Haven, Conn 


Only one death in 25 replacements: no anticoagulants after surgery. 


Aortic Insufficiency Secondary to Aortic Root Aneurysm or Dissection 1401 


Hassan Najafi, MD; William S. Dye, MD; Hushang Javid, MD; 
James A. Hunter, MD; Marshall D. Goldin, MD: Cyrus Serry, MD, Chicago 


In Marfan syndrome resection required transplanting right 
coronary to the graft. 


Mitral Valve Replacement With the Hancock Stabilized Glutaraldehyde 
Valve: Clinical and Laboratory Evaluation 1408 


Wally S. Buch, MD; Robert D. Pipkin, MD; Warren D. Hancock, MBA; 
Thomas J. Fogarty, MD, Stanford, Calif 


No valve failures, only four thromboembolic episodes. 


Regional Myocardial Infarction at Operation: An Automated System of 
identification 1416 


Richard Green, MD; Louis Siegel; Aaron Hill; James DeWeese, MD: 
Scott Stewart, MD, Rochester, NY 


Makes recognition of ischemic myocardium an objective affair. 


Long-Term Survival Following Coronary Artery Bypass: Analysis of 4,522 
Consecutive Patients 1419 


George J. Reul, Jr, MD; Denton A. Cooley, MD; Don C. Wukasch, MD; 
E. Ross Kyger Ill, MD; Frank M. Sandiford, MD; Grady L. Hallman, MD; 
John C. Norman, MD, Houston 


Cumulative survival 85.9% after five years. 


SPECIAL COMMENTARY 


“The Doctor’s Dilemma” 1425 
Richard Warren, MD, Boston 










Change of volume policy: the 1975 index will 
appear in the December issue only. This is a 
change from the former policy of two volumes per year. 














The American Society For 
Dermatologic Surgery, 
The American Academy of 

Facial Plastic and 

Reconstructive Surgery Inc., 

The American Association of 

Cosmetic Surgeons 


ANNOUNCE 
THE THIRD ANNUAL 


Hair Transplant 
Symposium and 
Workshop 













Multi-discipline faculty including: 
dermatologists, 
otolaryngologists, regional 
and general plastic surgeons. 
Attendance Limited 


February 13th and 14th, 
1976 
FEE $500 


The Stough Dermatology and 
Cutaneous Surgery Clinic, P.A. 
Doctors: Park 
Hot Springs, Arkansas 71901 
For further information, contact: 
Program Director, D.B. Stough, III, 
M.D. at above address. 
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Total or Supplemental 
Parenteral Nutrition 


Whenever IV nutritional support is indicated, 
total or supplemental, short-term or long-term, 


MVI. 


(Multi-Vitamin Infusion) 


Each 10 cc. ampul* or 5 cc. Concentrate vial 


provides: 
EEN NID (©) PAS 500 mg 
RTI NE E E EER 10,000 I.U. 
Vitamin D* (ergocalciferol).................06. 1,000 I.U 
“Thiamine HCI (B1)........-..---0 pepe ts Per E 50 mg. 
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+With sorethytan laurate 1%, sodium hydroxide 1%; 
and gentisic acid ethanolamide 2% as preservative. 
++With propylene glycol 30% as stabilizer and preser- 
vative, sodium hydroxide for pH adjustment, and 
sorethytan laurate 1.6%; in Concentrate as ribo- 
flavin-5-phosphate. 
*Oil-soluble vitamins A, D and E water solubilized 
with sorethytan laurate; covered by U.S. Patent No 
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BRIEF SUMMARY 

INDICATIONS: in emergency feedings-Surgery 
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consequent tissue depletion of nutrients. As a 
result, wound healing may be impaired, enzyme 
activity disturbed, hematopoietic tissues affected; 
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lescence is thus prolonged. 

In such patients M.V.I. (administered in intravenous 
fluids ‘under proper dilution) contributes optimum 
vitamin intake toward maintaining the body's nor- 
mal resistance and repair processes. 
DIRECTIONS FOR USE: M.V 11. is ready for imme- 
diate use when added to intravenous infusion fluids 
For intravenous feeding, one daily dose of 10 cc. of 
M.V.1. or 5 cc. of M.V.I. Concentrate added directly 
to not less than 500 cc., preferably 1,000 cc., of 


intravenous dextrose, saline or similar infusion 
solutions. ..plasma, protein hydrolysates, etc 
PRECAUTION: Allergic reaction has been known 
to occur following intravenous administration of 
solutions containing thiamine 

CAUTION: Not to be given as a direct undiluted 
intravenous injection as it may give rise to dizzi- 
ness, faintness, etc 
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deemed advisable. 

HOW SUPPLIED: M.V.I.— 10 cc. ampuls, boxes of 
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M.V.1. CONCENTRATE—5 cc. vials, boxes of 25. 
Available in 100s only 


USV Pharmaceutical Corp. 
Tuckahoe, N.Y. 10707 
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*due to indicated susceptible organisms 


‘ANCEF’ Reported 90% Effective in Serious Bone and Joint Infections 


In clinical studies of 30 patients with such infections as septic arthritis and osteomyelitis 
due to susceptible strains of Staphylococcus aureus, ‘Ancef' produced good or excellent* 
responses in 90% of the cases. 


‘ANCEF’ Penetrates Infected Bone and Synovial Fluid** 
BN Je ES SE TE i eth, A AS aa reer eg ee RTRs 


Patient Tissue/Fluid: Tissue/Fluid Level Serum Level Clinical Response’ 
Biopsy Specimen (mcg/ml) (mcg/ml) 
(Sampling time) (Sampling time) 
1 Osteomyelitic 49.4 30.2 Good 
Bone (1 hour) (1 hour) 
2 Osteomyelitic 35.6 26.0 Excellent 
Bone (5 hours) (5 hours) 
3 Osteomyelitic 22.0 13.9 Excellent 
Bone (5 hours) (5 hours) 
4 Synovial Fluid 21 (1 hour) 35 (1 hour) Good 
20 (3 hours) 28 (3 hours) 
24 (6 hours) 26 (6 hours) 


**(Infections due to susceptible strains of Staph. aureus. Each of the four different patients received 1 gram IM prior 
to sampling. Therapy was then continued at 1 gram q8h for 13-16 days. Tissue penetration is regarded as 
essential to therapeutic efficacy but specific antibiotic tissue levels have not been directly correlated with specific 
therapeutic effects.) 


SES Goot o CEO UO DNR AARD SP AS AD AS AS A eS HENICAN E > 
‘ANCEF’ Offers the Convenience of Both IV and IM Administration 


Adverse Reactions 

Adverse reactions reported with ‘Ancef’ include pain on injection, rash, G.I. symptoms, 
pruritus and phlebitis. Transient rise in SGOT, SGPT, BUN and alkaline phosphate levels 
has been observed without clinical evidence of renal or hepatic impairment. 

For a complete list of adverse reactions with ‘Ancef' therapy, please see next page. 
Warnings 

Cephalosporins should be given cautiously in penicillin-sensitive patients because of 
evidence of partial cross-allergenicity of the penicillins and the cephalosporins. 


tExcellent response: Initial improvement at 1-3 days with maximum improvement between 3-7 days. 
Good response: Initial improvement at 2-4 days with maximum improvement between 4-10 days. 


Please see the next page for a brief summary of the prescribing information. 
Smith Kline & French Laboratories, Division of SmithKline Corporation 
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meets the challenge, IV or IM 


Before prescribing, see complete prescribing information in SK&F 
literature or PDR. The following is a brief summary. 


DESCRIPTION 

Ancef” (sterile cefazolin sodium, SK&F) is a semi-synthetic 
cephalosporin for parenteral administration. It is the sodium salt 
of 3- {| (5-methyl-1, 3, 4-thiadiazol-2-yl) thio] methyl } -8-oxo- 
7-{2-(1 H-tetrazol-1-yl) acetamido]-5-thia-1-azabicyclo [4.2.0] 
oct-2-ene-2-carboxylic acid. The sodium content is 46 mg. per 
gram of cefazolin. 


ACTIONS 


Microbiology: /n vitro tests demonstrate that the bactericidal 
action of cephalosporins results from inhibition of cell wall syn- 
thesis. ‘Ancef' is active against the following organisms in vitro: 


Staphylococcus aureus (penicillin-sensitive and penicillin- 
resistant) 


Group A beta-hemolytic streptococci and other strains of strep- 
tococei (many strains of enterococci are resistant). 


Streptococcus pneumoniae (formerly Klebsiella species 

D. pneumoniae) Enterobacter aerogenes 
Escherichia coli Hemophilus influenzae 
Proteus mirabilis 


Most strains of Enterobacter cloacae and indole positive Proteus 
(P. vulgaris, P. morgani, P. rettgeri) are resistant. Methicillin- 
resistant staphylococci, serratia, pseudomonas, mima, herellea 
species are almost uniformly resistant to cefazolin. 


INDICATIONS 

Ancef (sterile cefazolin sodium, SK&F) is indicated in the treat- 
ment of the following serious infections due to susceptible 
organisms: 


Respiratory tract infections due to Streptococcus pneumoniae 
(formerly D. pneumoniae), Klebsiella species, Hemophilus 
influenzae, Staphylococcus aureus (penicillin-sensitive and 
penicillin-resistant), and group A beta-hemolytic streptococci. 


injectable benzathine penicillin is considered to be the drug of 
choice in treatment and prevention of streptococcal infections, 
including the prophylaxis of rheumatic fever. ‘Ancef’ is effective 

in the eradication of streptococci from the nasopharynx, however, 
data establishing the efficacy of ‘Ancef in the subsequent preven- 
tion of rheumatic fever are not available at present. 


Geniteurinary tract infections due to Escherichia coli, Proteus 
mirabilis, Klebsiella species, and some strains of enterobacter 
and emterococci. 

Skin and soft-tissue infections due to Staphylococcus aureus 
(penicillin-sensitive and penicillin-resistant) and group A beta- 
hemolytic streptococci and other strains of streptococci. 


Bone and joint infections due to Staphylococcus aureus. 


Septicemia due to Streptococcus pneumoniae (formerly D. 
pneumoniae), Staphylococcus aureus (penicillin-sensitive and 
penicillin-resistant), Proteus mirabilis, Escherichia coli, and 
Klebsiella species. 


Endocarditis due to Staphylococcus aureus (penicillin-sensitive 
and penicillin-resistant), and group A beta-hemolytic streptococci. 


Appropriate culture and susceptibility.studies should be per- 
formed to determine susceptibility of the causative organism 
to ‘Ancef’. 


CONTRAINDICATIONS 

Ancef (sterile cefazolin sodium, SK&F) is contraindicated in 
patients with known allergy to the cephalosporin group of 
antibiotics. 


WARNINGS 

BEFORE CEFAZOLIN THERAPY IS INSTITUTED, CAREFUL 
INQUIRY SHOULD BE MADE CONCERNING PREVIOUS 
HYPERSENSITIVITY REACTIONS TO CEPHALOSPORINS 

AND PENICILLIN. CEPHALOSPORIN C DERIVATIVES SHOULD 
BE GIVEN CAUTIOUSLY IN PENICILLIN-SENSITIVE 
PATIENTS. 


SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY RE- 
QUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES. 
There is some clinical and laboratory evidence of partial cross- 
allergenicity of the penicillins and the cephalosporins. Patients 
have been reported to have had severe reactions (including 
anaphylaxis) to both drugs. 


Any patient who has demonstrated some form of allergy, par- 
ticularly to drugs, should receive antibiotics cautiously. No excep- 
tion should be made with regard to ‘Ancef. 


Usage in Pregnancy: Safety of this product for use during preg- 
nancy has not been established. 


Usage in Infants: Safety for use in prematures and infants under 
1 month of age has not been established. 


PRECAUTIONS 

Prolonged use of cefazolin sodium may result in the overgrowth 
of nonsusceptible organisms. Careful clinical observation of the 
patient is essential. 


When ‘Ancef' is administered to patients with low urinary cutput 
because of impaired renal function, lower daily dosage is required 
(see dosage instructions). A false positive reaction for glucose in 
the urine of patients on ‘Ancef' has occurred with Clinitest® 

tablets solution. 


ADVERSE REACTIONS 
The following reactions have been reported: 


Hypersensitivity: Drug fever, skin rash, vulvar pruritus, and 
eosinophilia have occurred. 


Blood: Neutropenia, leukopenia, thrombocythemia and positive 
direct and indirect Coombs tests have occurred. 


Hepatic and Renal: Transient rise in SGOT, SGPT, BUN and 
alkaline phosphatase levels has been observed. 


Gastrointestinal: Nausea, anorexia, vomiting, diarrhea, oral 
candidiasis (oral thrush) have been reported. 


Other: Pain at site of injection after intramuscular administration 
has occurred, some with induration. Phlebitis at site of injection 
has been noted. 


DOSAGE AND ADMINISTRATION 


‘Ancef' may be administered intramuscularly or intravenously 
after reconstitution. 


Dosage 


In adults, usual dosage for pneumococcal pneumonia is 500 mg. 
every 12 hours. In acute, uncomplicated urinary tract infections, 
usual dosage is 1 gram every 12 hours. In mild infections caused 
by susceptible gram-positive cocci, usual dosage is 250 to 

500 mg. every 8 hours. In moderate to severe infections, usual 
dosage is 500 mg. to 1 gram every 6 to 8 hours. ‘Ancef’ has been 
administered in dosages of 6 grams per day in serious infections 
such as endocarditis. 


‘Ancef’ may be used in patients with reduced renal function with 
the following dosage adjustments: Patients with a creatinine 
clearance of 55 ml./min. or greater or a serum creatinine of 

1.5 mg. % or less can be given full doses. Patients with creatinine 
clearance rates of 35 to 54 mi./min. or serum creatinine of 1.6 to 
3.0 mg. % can also be given full doses, but dosage should be 
restricted to at least 8-hour intervals. Patients with creatinine 
clearance rates of 11 to 34 ml./min. or serum creatinine of 3.1 to 
4.5 mg. % should be given 1/2 the usual dose every 12 hours. 
Patients with creatinine clearance rates of 10 ml./min. or less or 
serum creatinine of 4.6 mg. % or greater should be given 1/2 the 
usual dose every 18 to 24 hours. All reduced dosage recommen- 
dations apply after an initial loading dose appropriate to the 
severity of the infection. 


In children, a total daily dosage of 25 to 50 mg. per kg. (approx- 
imately 10 to 20 mg. per pound) of body weight, divided into three 
or four equal doses, is effective for most mild to moderately 
severe infections. Total daily dosage may be increased to 100 mg. 
per kg. (45 mg. per pound) of body weight for severe infections. 
Since safety for use in premature infants and in infants under one 
month has not been established, the use of ‘Ancef in these 
patients is not recommended. 

For additional information on dosage and administration, see 
package literature or contact your SK&F Representative. 


HOW SUPPLIED 
Ancef® (sterile cefazolin sodium, SK&F)—supplied in vials 
equivalent to 250 mg., 500 mg., and 1 gram of cefazolin. 


Smith Kline & French Laboratories 
Division of SmithKline Corporation, Philadelphia, PA 19101 














Papers Read Before the 23rd Scientific Meeting 
of the International Cardiovascular Society, 


Boston, June 19-20, 1975 


The Time in Which We Dwell 


Allan D. Callow, MD 


here is a wonderful saying—attributed to the 
Quakers, I believe—that one should not speak unless 

he can improve on silence. With this self-admonition, I 
should like to discuss three topics: (1) the international as- 
pects of cardiovascular surgery and of our Society in par- 
ticular; (2) the North American Chapter, its resources and 
its responsibilities; and (8) our possible role, as cardio- 
vascular specialists, for modifying the impending federal 
domination of health care services in the United States. 


The International Scene 


Because newcomers to any discipline usually give in- 
sufficient credit to the past and because we Americans 
tend to be less well informed about others than others 
may be about us, let me present a small sample of the debt 
we all owe to past and present international pioneers. My 
apologies for many obvious omissions. 

Arteriography, as you know, was largely a European de- 
velopment beginning with cerebral visualization by Mo- 
niz’ in 1927, translumbar aortography by Reynaldo dos 
Santos (Fig 1) in 1929,? and retrograde catheter tech- 
niques by Seldinger’ in 1953. Disobliteration of late arte- 
rial thromboses was introduced in 1946 by our president, 
John Cid dos Santos‘ of Lisbon (Fig 2). Leriche (Fig 3) of 
Strasbourg, France, described insidious thrombosis of the 
terminal aorta in 1923° and applied dos Santos’ technique 
for restoration of lower extremity circulation in 1947.° Du- 
bost’ of Paris (Fig 4) used a homograft replacement of an 
abdominal aortic aneurysm in the early 1950s and about 
„that time also reported the first disobliteration of the cor- 
onary ostium. Early experimental coronary artery grafts 
were reported by Arnulf*® of Lyon, France (Fig 2), a 
founding member of this Society and past president of the 
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European Chapter. In the angiodystrophies of the extrem- 
ities, the early work of de Takats” (Fig 5), past president 
of this chapter and of the international organization, and 
the work of Malan of Milan, Italy (Fig 2), past president 
of the European Chapter and European Editor of our jour- 
nal, illuminated these complex disorders. In 1952, Kin- 
month" of London (Fig 6) first utilized dyes for human 
lymphography and later, joined by Taylor’ at St Bar- 
tholomew’s Hospital, began what has become the defini- 
tive work on diseases of the lymphatics. In 1951, Kunlin™ 
of France (Fig 7) relieved superficial femoral artery occlu- 
sion with a reversed long saphenous vein graft. The first 
successful internal carotid artery reconstruction was re- 
ported by Eastcott (Fig 8), Pickering, and Rob (Fig 9) in 
1954." Equally brilliant cardiac surgical advances were 
made by Crafoord’* of Sweden (Fig 10) concerning resec- 
tion of aortic coarctation, by Sondergaard" of Denmark in 
correction of atrial septal defects, by Brock'*-*° (Fig 11) in 
pulmonary and mitral valvotomy and studies on hyper- 
trophic muscular subaortic stenosis, and by Senning’! of 
Zurich, Switzerland, president of the European Chapter, 
in correction of transposition of the great vessels. 
A few noteworthy advances by Russian surgeons include 
Brukhonenko’s” whole body perfusion experiments in 
1929, his work with Terebynsky on open approach to car- 
diac valves in 1940, Demikhof’s parallel heart transplanta- 
tion experiments in the 1940s and 1950s, and the first 
USSR patent ductus ligation in 1948 by Bakulev.** Addi- 
tional pioneers include Vishnevsky, Kupriyanov, 
Petrovsky, Asomov, Kolesnikov, and Bourakovsky. Un- 
fortunately, time does not permit more adequate acknowl- 
edgment. 

Similar examples can be found in Latin America: Mar- 
ques and de Barros” work on lymphography in 1945, 
Palma’s*® (Fig 12) studies on venous transplantation and 
hemodynamic aspects of occlusive disease, Carrea’s” first 
successful carotid artery reconstruction in 1951, studies on 
the lymphatics in the 1940s by Mayall (Fig 13) and Degni 
(Fig 14), and the use of dura mater heart valve replace- 
ments by Zerbini” (Fig 15). Japan has Yoshio Ozawa (Fig 
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Fig 1—Reynaldo dos Santos. 





Fig 2.—John 
and Edmondo Malan. 


Fig 5.—Geza de Takats. 


Fig 8&.—Harry H. G. Eastcott. 


Fig 9.—Charles Rob. 


16) and S. Sakakibara (Fig 17), who reported on mitral 
valvotomies in 1959; Seiji Kimoto (Fig 18), president of 
the Asian Chapter, who reported on alcohol-preserved ar- 
tery grafts in 1950, and his first successful radical oper- 
ation for correction of tetralogy of Fallot using cardiac 
bypass in 1956; and many others.” 

How remarkable it is that throughout the world there 
are people with afflictions of the heart and vessels in the 
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Cid dos Santos, Georges Arnulf, 








a 
Fig 7.—Jean Kunlin. 


Fig 6.—John Kinmonth. 





Fig 10.—Clarence Crafoord. Fig 11.—Lord Brock. 


numbers needed to stimulate such widespread efforts for 
their relief. How more remarkable it is that those of us 
in this confraternity of surgeons—whatever the ethnic 
bounds within which we are born, the color of our skin, the 
tongue we speak, or wherever we work—speak a common 
jargon, use the same techniques, and share an immediate 
understanding with each other as we strive to solve the 
problems of those who seek relief. 
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Fig 12.—Eduardo Palma. Fig 13.—Rubens Mayall. 





Fig 16.—Yoshio Ozawa. 


Fig 17.—Shigeru Sakakibara. 


The International Society of Angiology was organized 
in 1950. Its first international scientific meeting was held 
in 1951 in Atlantic City, NJ. European, North American, 
and Latin American chapters were designated. Principal 
founders included John Cid dos Santos, René Fontaine 
(Fig 19), Edmondo Malan, Georges Arnulf, Henry Haimo- 
vici, Ralph Deterling, Reynaldo dos Santos, René Leriche, 
Fernando Martorell, Emile Holman, A. Boyd, and J. Celes- 
tino da Costa. The first president of the North American 
Chapter was Geza de Takats and, in Latin America, Al- 
fonso Albanese. The annual meetings of the North Ameri- 
can Chapter began in 1952. At the third international con- 
gress, convened in 1957 in Atlantic City, NJ, the Society 
was renamed the International Cardiovascular Society 
and in 1959 the Jowrnal of Cardiovascular Surgery was 
created. Because of problems of travel and communica- 
tion, efforts taken in 1961 to organize an Australasian 
Chapter under A.K. Basu of Calcutta were unsuccessful. 
In 1971 a 25-member delegation of the Japanese Cardio- 
vascular Society, following two years of correspondence, 
attênded the Moscow congress with a petition for mem- 
bership. This was granted by the executive council at the 
1973 Barcelona congress, at which time the Chapter name 
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Fig 15.—Euryclides J. Zerbini. 
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Fig 18.—Seiji Kimoto. 
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Fig 19.—René Fontaine. 


was changed from Australasian to Asian with the Japa- 
nese Cardiovascular Society recognized as its nucleus. 
Thanks to the efforts of Dr Alan Sharpe of Sydney, Avs- 
tralia, some contact has been maintained with our ccl- 
leagues in Australia and New Zealand. 

What is the state of the International Cardiovascular 
Society today? We have a number of problems. The con- 
gress programs have been described as more social than 
scientific. The papers rate from excellent to poor. The offi- 
cial journal is a target of serious criticism from this chap- 
ter and from some members of other chapters. Some of 
these criticisms are justified and overdue. On the plus side 
there is opportunity within the Society to visit other labo- 
ratories and clinics, to broaden one’s horizons by firsthand 
exchange of information, and to make friendships with 
one’s peers in scientific and cultural surroundings that 
are inspiring and impressive. Indeed, as America’s tech- 
nological lead of the past quarter century shrinks we may 
again find it as advantageous as did our predecessors of 50 
years ago to return to the leading clinics of Europe for in- 
struction. To place the matter in another perspective, let 
us recall the sad record of internecine warfare of the two 
generations that comprise this Society. For too many 
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years our precarious peace has become a day by day con- 
cern of all mankind. To paraphrase Arnulf,” men of medi- 
cine have always preceded politicians in bringing groups 
of people to a common understanding, a special human 
talent we must not forget. We may well be at a point in 
time when we must ask if there is justification for an in- 
ternational society, if such a society fills a need and serves 
a purpose. 

The time in which we dwell is a time of trial and 
trouble, of confusion, of self-doubt, of uncertainty, but for 
some of us, and I am one, it is a time for cautious opti- 
mism as well. I suggest that we are in our adolescence as 
an international society and the best is yet to be. Let me 
offer you some proposals: 

1. Improve communications between the chapters and 
with the central organization, for a society that 
meets only once in two years and whose component 
chapters meet annually in almost total isolation from 
each other cannot maintain a viable international 
posture. 

a. An official journal, with an editorial policy to pub- 
lish only papers of high quality, and information 
concerning chapter activities, programs, lists of 
officers, members, and news of the biennial con- 
gresses, appears to be essential. 

b. Encourage officers of the central organization and 
chapter representatives to attend each chapter’s 
annual meeting. 

2. Strengthen the central organization. 

a. Establish a permanent secretariat with realistic 
financing to maintain membership, financial, and 
other records, to facilitate interchapter communi- 
cations, to seek supporting funds, and to super- 
vise more carefully than in the past the organiza- 
tion and scientific content of the international 
congresses. 

b. Establish a scientific council to select the topics 
and the speakers of the congresses and to arrange 
for appropriate publication of congress proceed- 
ings. 

c. Increase the financial resources of the central or- 
ganization. Although the original bylaws of the 
Society stated that one third of each chapter’s 
dues should be remitted to the international trea- 
sury, not until 1967 was a chapter assessment of 
$3 per member adopted. Even if collections were 
complete, the total is insufficient for the needs. 

d. Yearly meetings of the secretary-general, the sci- 
entific council, and the executive council of the 
central organization should be held—most proba- 
bly at a time and place coincident with other na- 
tional or international meetings. 

3. Create international exchange fellowships whereby 
younger members are provided opportunities to ob- 
serve and to work in leading clinics by mutual choice. 

4. Create a category of corresponding membership to 
permit closer ties with cardiovascular colleagues in 
Australia, New Zealand, and other countries where 
regional or national chapters do not exist. 
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The North American Chapter 

Let us now turn to the North American Chapter. Above 
and beyond our relations with the international organiza- 
tion, what are the objectives and responsibilities of our 
own group? Expressed as briefly as possible, we are con- 
cerned with the improvement of training programs in car- 
diovascular surgery and the pursuit of excellence in pa- 
tient care. C. Rollins Hanlon*® perceived and first 
expressed the need to develop standards of excellence in 
his address to the Society for Vascular Surgery in 1970. A 
series of inspired presidential addresses followed. Edwin 
Wylie” made a plea for improvement of training in vascu- 
lar surgery within existing residency programs and sug- 
gested the development of postresidency fellowship pro- 
grams as a second solution. Believing that a separate 
examining and certifying board in vascular surgery was 
undesirable and unnecessary, he urged accreditation of 
training programs. 

In 1971, Jack Cannon” suggested that a committee be 
appointed to survey the problem, outline a training cur- 
riculum, and estimate the number of trainees per year. Se- 
lection of individuals who are to perform this type of sur- 
gery should be based on surgical results as well as 
endeavor. In 1972, recommendations for optimal resources 
for vascular surgery were presented by DeWeese, Blais- 
dell, and Foster” and Jesse Thompson and Wylie Barker, 
as presidents of these two societies, appointed a com- 
mittee to work with members of the American Board of 
Surgery on the problem of subspecialty certification. 
Barker,** in 1973, questioned how certification might af- 
fect peripheral vascular practice in general inasmuch as 
the majority of peripheral vascular surgery is not being 
done by the fellowship of these two societies. Charles Eck- 
ert,” in 1974, emphasized to the Central Surgical Associa- 
tion that there are ways of improving standards of surgi- 
cal care other than through the certifying process. 
Probably the most important is the development of better 
educational opportunities in special fields. In 1972, Wil- 
liam Longmire” stated to the American College of Sur- 
geons that if an orderly national plan for surgical training 
is to be established, an acceptable definition of a surgical 
specialist and ways to limit the practice of surgery to 
those who meet such requirements must be developed. To 
the Society of University Surgeons, Marshall Orloff” ex- 
pressed his conviction as an examiner of the American 
Board of Surgery that there are a number of inadequate 
training programs and that the major problem lies in ac- 
creditation of residencies rather than in examination of 
graduates at the end of four or five years of marginal 
training. 

If, with such long experience, general surgical programs 
are suspect and if the American College of Surgeons is 
seeking a definition of the surgical specialist as well as 
ways to limit the practice of surgery to qualified surgeons, 
how much more likely is it that training programs in vas- 
cular surgery and its performance may be found wanting? 

I should like now to speak to the matter of membership. 
Owen Wangensteen* has pointed out that in the early 
1900s the American Surgical Association looked on itself 
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as an honor society. Because of the Association’s reluc- 
tance to accept responsible leadership for American sur- 
gery, the American College of Surgeons came into being. 
A continuing attitude of exclusiveness led a group of 
younger surgical academicians to form the Society of Uni- 
versity Surgeons. A similar policy of limited membership 
contributed to the formation of the Society of Academic 
Surgeons. Chairmen of departments of surgery formed an 
additional society. At the time of his address in 1969, 
Wangensteen observed that none of these societies re- 
lated their activities in an integrated manner to the 
American Surgical Association. 

Gaspar and Movius” have stated that “the only limiting 
influences on those who perform peripheral vascular sur- 
gery are the consciences of the surgeons themselves or of 
the colleagues who refer patients to them.” Referring to 
the present criteria for membership whereby our societies 
admit only those surgeons who have distinguished them- 
selves by the number and quality of their publications, 
they suggested that perhaps “there is a need for a larger 
organization of surgeons who have active peripheral vas- 
cular practices but who do not contribute extensively to 
the literature.” 

Stimulated by DeWeese’s statement that 88% of vascu- 
lar cases performed in this country were done in hospitals 
where only ten such procedures were performed per year, 
a small survey was conducted of vascular surgery in a few 
selected New England hospitals. The number of major 
procedures per surgeon per year and per hospital were 
recorded. These data require amplification and further 
study, but one point is apparent: in a few community hos- 
pitals, as many as 75 to 100 major arterial operations were 
performed with good results in 1974 by a single surgeon, a 
case load comparing favorably with that of some full-time 
university vascular surgeons. Several of these surgeons 
are not members of these societies. Their papers, if they 
were to prepare them, probably could not achieve a place 
on these programs. 

Are we, like the American Surgical Association of the 
1900s, to be regarded as a present-day honor society? Are 
we ignoring an opportunity to fill a need and assume the 
responsibility of stewardship in vascular surgery? Are we 
too restrictive in our criteria for membership? Will there 
continue to be essentially a single route to membership: 
acceptable training and an acceptable bibliography—op- 
portunities that usually cease once practice is begun. 

One mechanism by which burgeoning vascular surgeons 
may be screened is via progressively selective local, state, 
and regional vascular societies. In a few areas, such orga- 
nizations exist. Within New England, for example, there 
gre several local vascular groups with unrestricted mem- 
bership organized around a geographic or hospital base 
and motivated by a need to know. Representing the entire 
New England area and with a more restricted member- 
ship is the New England Vascular Society. With experi- 
ence and under local surveillance, some surgeons may pro- 
gress from the first society to the second. Conceivably, 
selected individuals from the large regional society might 
ultimately be sponsored for national membership. 
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By liberalizing our qualifications we are not merely giv- 
ing due recognition to competent and active vascular spe- 
cialists. Rather, by making benefits of membership avail- 
able to a larger group of surgeons and their patients, we 
may be improving and not necessarily threatening stan- 
dards of care. 

I suggest that the time in which we dwell is a time of 
challenge and of opportunity. 

Believing that the time has come for these two societies 
to assume the responsibility of leadership of vascular sur- 
gery, may I submit the following proposals, to be imple- 
mented by the appointment of four joint committees: 

1. The first, to prepare, without further delay, criteria 
for adequate training programs in vascular surgery, 
working insofar as possible within the framework of 
existing general surgery programs and their respon- 
sible department chairmen, recognizing that many 
current programs do not qualify the graduate to 
practice unrestricted vascular surgery; it is further 
recommended that this committee, possibly in collab- 
oration with current review agencies, explore the 
feasibility of a limited, in-house system of program 
evaluation; 

2. A second committee to study the feasibility of spon- 
sorship of a program of local and regional vascular 
societies from which, by a selection process to be for- 
mulated, competent, de facto vascular surgeons are 
afforded another route to national society member- 
ship; 

3. A third, to consider the feasibility of establishing a 
national registry of cardiac and vascular operations— 
voluntary and possibly anonymous—in order to ob- 
tain hard data on cardiovascular surgical procedures, 
the need for which was highlighted by Francis Moore 
in the recent SOSSUS (Study on Surgical Services 
for the United States) report; 

4. Four, that we consider creation of a standing com- 
mittee on continuing postgraduate education con- 
cerned with providing opportunities to improve the 
level of competence on a state of the art basis for all 
vascular surgeons, members and nonmembers alike. 


The American Health Care System 


And now, begging the indulgence of our Canadian 
members and foreign guests, please consider our most 
complex and most insistent problem in the American 
health care system: the threatened imposition of a hastily 
developed, poorly conceived, and improperly administered 
national system of health care enacted by a Congress sub- 
stantially motivated by economic and political consid- 
erations. Lest this statement be considered too severe, 
reflect on the unhappy state of medical and surgical prac- 
tice in the United Kingdom and Scandinavia, the inadequa- 
cies of the Medicare and Medicaid programs, and the 
enormous and unanticipated increase in the cost of the 
CHAMPUS (Civilian Health and Medical Program of the 
Uniformed Services) program, created to provide civilian 
care to military health care beneficiaries. An example of 
the autocratic attitude of federal review is the recent in- 
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vestigation, indeed dissection, of the medical departments 
of the military services by the Office of Management and 


_ Budget, an organization that derives its authority from 


the Executive Office of the White House and one that is 
very likely unfamiliar to most of you. Preponderantly 
staffed with non-health care systems analysts and man- 
agement professionals, the judgmental implications of 
their study in such matters as quality control, manage- 
ment efficiency, patient satisfaction, relationship to physi- 
cians, and many other items are frightening. Insulated by 
lack of information and preoccupied with our daily cares, 
we are unconcerned by this example of “how tenuous pro- 
fessional control of medical care can be,” 

Time does not permit consideration of specifies, but you 
would be well advised to examine in detail certain fea- 
tures of two congressional bills that died in the 98rd Con- 
gress but that are being reintroduced in 1975. I refer to 
Senate Bill 3685, known as the Beall amendment to the 
defeated Kennedy Bill, and House Bill 17084, the Rogers 
Bill. Certain features of both bills are unpalatable. These 
include hardship constraints on students, medical schools, 
and hospitals. Both bills, for example, provided the secre- 
tary of the Department of Health, Education and Welfare 
with the authority to approve residency programs and to 
control the number and type of residencies available. 
Charles Edwards,” past assistant secretary for DHEW, 
states that health is one of the most heavily federally sub- 
sidized industries in the country, a fact not overlooked by 
public policy makers who have come to regard the federal 
health program as a large and very useful political instru- 
ment. Edwards expresses the conviction that the plural- 
istic health care system as we have known it in the United 


= States is moving steadily toward its own destruction, not 


by design but by default. H. William Scott, in 1974, 
urged us to put our house in order along the lines sug- 
gested by Francis Moore. These recommendations in- 
cluded (1) validation of staff specialty credentials in the 
accreditation process in hospitals where surgery is per- 
formed; (2) national monitoring and control of surgical 
specialists; and (3) establishment of a national surgical 
placement service. Scott stated further that 


“the American Surgical Association needs to become an organiza- 
tion of political activists . . . who have an active participatory in- 
terest in politics and in legislation which affects its fellows’ pro- 
fessional lives and freedom. We have been aloof, superiorly 
patrician, and naively lacking in political clout.” 


To borrow from Franz Inglefinger,” editor of the New En- 
gland Journal of Medicine, as physicians we must not ex- 
cuse nor permit ourselves to be excluded from the duties 
and privileges of citizenship. Like other citizens, we may 
be averse to involvement in the problems of war, poverty, 
and desegregation. In the area of health care systems and 
the regulation of medical practice within them, the luxury 
of noninvolvement will cost us all—patient, practitioner, 
investigator, instructor, and student—very dearly. Donald 
Custis,” surgeon general of the Navy, has put it clearly, 
“It is no longer enough to seek fellowship in our respective 
colleges and specialty societies.” He calls for support of 
our national professional organizations: “They deserve 
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from us all the dues and assessments they require and af- 
ter that our unstinted participation” for “Congressional 
leaders have no real desire to act in ignorance of decision 
impact.” William Anlyan* asks whether the private sector 
is going to fill the needs of society by self-regulation: 


Once we abdicate our responsibilities to the federal government, 
it will never again be possible to come to grips with the manage- 
ment of these issues in the private sector. As we can note from 
other such solutions controlled by the federal government, they 
are very apt to come under political pressures for political solu- 
tions rather than what is best for the health care of the nation. 


Are not we, lifelong apostles of a system that strives to 
explore the unknown and perfect the known, to make ex- 
cellence of patient care the minimum standard, which 
calls for a major portion of daily thought and energy for 
the training of young men and women by these precepts? 
Are not we capable of finding solutions to these problems? 
What is required of us? Only a tithe of our time, skill, and 
concern for human welfare. 

May I suggest that the time in which we dwell is a time 
of great jeopardy and of even greater urgency. The es- 
sence of this time, and the hope for tomorrow, lies in the 
existence and in our recognition of problems that cannot 
be denied. These problems will not be solved except with 
the imaginative, cooperative effort of all interests—politi- 
cal, social, professional—regional, national, and inter- 
national—of the generalist, the specialist, and many oth- 
ers within the health care system, all operating, however 
idealistic and possibly improbable as this may seem, in an 
atmosphere of unselfish congeniality devoted to the com- 
monweal. As physicians we cannot escape public account- 
ability or remain unresponsive to needs other than our 
own. To paraphrase Philip Handler,’ this need not neces- 
sarily detract from the astonishingly privileged position 
we occupy as medical professionals; under proper circum- 
stances, with appropriate regard for the needs of all, soci- 
ety will continue to reward us for doing that which we 
most enjoy precisely because the success of our health care 
endeavor is essential to the success of our civilization. 
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-The AMA sent Louise Dillon 
into a Chicago poverty area 


teach nutrition. 





What we learn could help 
the poor eat a lot better. 


Malnutrition is one of the major causes of anemias, 
growth failures, accidents of pregnancy and other 
health problems among the poor. Proper nutrition 
could eliminate or alleviate many of them. 

But how do you put together a good, nutritious 
meal on a welfare budget? That’s exactly what AMA 
nutritionist Dillon teaches to the Family Health 
Workers of the Daniel Hale Williams Health Center 
on Chicago’s south side. She teaches them basic 
nutrition so that they can educate and motivate 
the people in their community to select foods that 
better meet their needs for nutrients and energy. 

The AMA funded this program and helped incorporate 
it into the Center’s existing services for the purpose 
of developing a nutritional education program that 
will serve as a working model for other organiza- 
tions involved in health care of the poor. 

Physicians often ask what the AMA does. This is just 
one of many things. It’s made possible by the 
physicians who support the AMA through their 
membership. Find out more about the AMA, how 
it serves the public and you. Just send us the 
completed coupon. 
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Experience With Infected Aneurysms 
of the Abdominal Aorta 


Fredric Jarrett, MD; R. Clement Darling, MD; Eldred D. Mundth, MD; W. Gerald Austen, MD 


@ Seventeen consecutive patients with abdominal aortic aneu- 
rysms were treated during a 14-year period. Fever was the most 
common symptom first to appear (12 patients), either as fever of 
unknown origin or in association with other symptoms. Several 
factors raise the suspicion of an infected aneurysm: positive 
blood cultures, erosion of lumbar vertebrae, lack of aortic calcifi- 
cation, aneurysms found in female patients or after a prolonged 
illness of bacteremia. Staphylococci (41%) and Salmonella 
(18%) were the most common organisms. Aneurysms with Gram- 
negative organisms exhibited a greater tendency toward early 
rupture than those with Gram-positive organisms (84% vs 10%), 
and were associated with a higher mortality. Delay in making the 
diagnosis adversely affected the death rate. “Infected aneu- 
rysm” is suggested as a better term than “mycotic aneurysm,” 
since fungi are rarely involved. 

(Arch Surg 110:1281-1286, 1975) 


I’ spite of advances in the diagnosis and therapy of 
abdominal aortic aneurysms,’ the early recognition of 
infected aneurysms remains elusive, and the treatment of 
them continues to be associated with a high mortality and 
morbidity. 

Infection of an arterial aneurysm was described by 
Koch in 1851, and the term “mycotic” was first used by 
William Osler in 1885° at a time when it was understood to 
mean any infection caused by microorganisms. Since then 
it has been applied more specifically to infections caused 
by fungi, while “mycotic aneurysm” has persisted for 
want of a better term. Some authors‘ have considered in- 
fected hematomas or false aneurysms along with mycotic 
aneurysms, since their treatment is based on the same 
principles. In spite of imprecise nomenclature, the patho- 
genesis of “mycotic” aneurysms has been well understood 
and described, and is said to have three different causes. 
The first, embolomycotic aneurysms, are caused by septic 
arterial emboli usually from bacterial endocarditis. Previ- 
ously, this was the most common cause of “mycotic” aneu- 
rysms, being associated with 86% of the 217 patients de- 
scribed by Stengel and Wolferth® in 1923, but it has 
become less important since the widespread use of anti- 
biotics, and is currently less prominent as a cause of aortic 
infection. The second mechanism involves extension ei- 
ther directly or via lymphatic vessels from an adjacent in- 
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fectious process, and is common with tuberculous aneu- 
rysms. The third involves hematogenous seeding of the 
arterial wall during bacteremia from a distant focus other 
than the heart. Few, if any, of these aneurysms actually 
involve fungal infections, and bacterial, or preferably, in- 
fected, aortic aneurysms seems a more accurate designa- 
tion, and will be used in this paper. 

Pathologically, infection usually involves portions of the 
aorta and iliac arteries already weakened by congenital or 
acquired disease.®” Destruction of the intima and media 
by an acute inflammatory process occurs with an unpre- 
dictable rapidity, and acute inflammatory cells, abscess 
formation, and bacteria may be seen in the aortic wall. 
These processes eventually lead to erosion and rupture, 
which may occur with or without aneurysmal dilation.*® 
Microscopical examination reveals no intima lining in- 
fected aneurysms, and the inflammatory response is more 
severe at the site of rupture. Once infection is established, 
it cannot be eradicated by nonoperative means. 


PATIENTS AND METHODS 


Seventeen consecutive patients with infected abdominal aortic 
aneurysms have been treated at the Massachusetts General Hos- 
pital during the past 14 years. Ten were men and seven women, 
with ages ranging from 30 to 87 years and averaging 65 years. 
The criteria for the diagnosis were either the identification of bac- 
terial organisms from culture or smear of the aneurysm wall or 
the microscopical finding of intraluminal suppuration with iden- 
tifiable bacteria. 

Fever of unknown origin was the most common single symptom 
on admission (6 patients, 35%), although a total of 12 patients 
(71%) were febrile either on admission or prior to the establish- 
ment of the diagnosis of infected aortic aneurysm. Thus, abdomi- 
nal pain and fever (3 patients), back pain with fever (1), or the 
presence of a draining sinus associated with fever (1) were also in 
evidence. An aneurysm was palpable in nine instances (53%), and 
leukocytosis (>10,000/cu mm) was present in 11 of our patients 
(65%). Aortic calcification on plain abdominal films was present in 
eight patients (47%), although in two cases the aorta was specifi- 
cally described as nonaneurysmal. In three cases (18%) erosion of 
the lumbar vertebrae was present. Often the diagnosis was not 
apparent on admission, but was established subsequently, the 
culmination of a prolonged hospitalization and work-up for occult 
fever. Careful physical examination was the most consistent and 
helpful method of establishing the diagnosis. Angiography was 
utilized in four instances, autopsy in three, and previous surgery in 
one. Staphylococci were the most common infecting organisms 
(41%), followed by salmonellae (18%). There was one instance each 
of Escherichia coli, Pseudomonas organisms, Gram-positive 
bacilli, streptococci, plus pneumococci, pneumococci, Proteus and 


Infected Aneurysms—Jarrett et al 1281 














g 








TS eae a S-. 7- 
‘ , mT 





t =~ iia i EA 7 { r 
ne -N h — to 
. Le Pay’ a 
= P - > ra J 
si F 
Yt ’ 


ra A ge + 7 d 
eo S Troe S 


+ yia] 


Fig 1.—Preoperative angiogram showing small Salmonella ab- 
dominal aortic aneurysm in 62-year-old man. 


Klebsiella organisms, and Mycobacterium tuberculosis. Venous 
blood cultures were performed in only ten patients but were 
positive in seven of these (70%), and in all cases the organisms 
isolated were the same as those found in the infected aneurysm. 

The diagnosis was correctly made in all but three patients 
(18%), who died of rupture of their aneurysm without operative in- 
tervention. Two additional patients did not undergo exploratory 
surgery. One was an 85-year-old man with severe cardiac disease 
who returned 18 months after resection of an aneurysm and inser- 
tion ef a bifurcation graft with a persistent draining sinus tract 
that led near his graft. Although aortography revealed a small 
false aneurysm at the proximal suture line, it was decided not to 
operate on him again, and he died several months later. Autopsy 
disclesed an infected aneurysm of the proximal suture line with a 
retroperitoneal abscess, the culture of which grew Staphylococcus 
aureus. The second patient was dead on arrival at our emergency 
ward. He had undergone homograft replacement of an abdominal 
aortic aneurysm ten years previously, and had undergone explor- 
atory surgery shortly before his death for an aneurysm above his 
homograft that was thought to be unresectable. A ruptured in- 
fected aneurysm was found at autopsy. 


RESULTS 


Twelve patients underwent operation with seven sur- 
vivors. Ten underwent resection of their aneurysm and re- 
placement with a prosthetic graft, two of these with liga- 
tion of an aortocaval fistula. Two patients underwent 
thoracoabdominal bypass grafting of their aneurysm. The 
more recent of these was a 62-year-old man on whom a 


one-stage procedure combining extraanatomic thoraco- 


iliac bypass with resection of the infrarenal aorta for Sal- 
monella abdominal aortic aneurysm” was performed (Fig 


1282 Arch Surg—Vol 110, Nov 1975 





l and 2). Antibiotic treatment was begun before or during 
surgery and continued for a total of four to eight weeks, 
with alterations in the agents used made on the basis of 
postoperative cultures of the aneurysm. Follow-up on sur- 
viving patients is presented: Six patients were alive for 
periods ranging from eight months to six years after re- 
section of their aneurysm. Only one patient died of recur- 
rent infected aneurysm 28 months after his original pro- 
cedure. This history is presented in detail. 


A 47-year-old man was admitted with abdominal pain of two 
months’ duration. Three and a half months prior to admission he 
developed an illness with fever, systemic symptoms, and weight 
loss, and was found to have grade 1 earcinoma of the bladder, 
which was successfully fulgurated. He was admitted, again with 
abdominal pain, to another institution, and was found te be hyper- 
tensive and to have an abdominal aortic aneurysm. 

On transfer to the Massachusetts General Hospital he was 
considerably obese and in mild acute distress. His blood pressure 
was 160/90 mm Hg in the right arm and 185/110 mm Hg in the left 
arm; pulse rate, 90/min; and his temperature, 37.7 C (99.9F). A 
large ventral hernia was evident as well as a tender, pulsatile 
aortic aneurysm. An intravenous pyelogram (IVP) showed a large 
mass displacing the left ureter. The hematocrit was 40%. the white 
blood cell (WBC) count 9,000/cu mm, and the blood urea nitrogen 
(BUN) level 27 mg/100 ml. Exploratory surgery revealed a large 
aneurysm with considerable inflammatory adhesions and granulo- 
matous reaction surrounding it, as well as a sealed perforation on 
its right lateral aspect. The aneurysm was resected, and a Dacron 
graft inserted. Postoperatively, he developed a bleeding gastric 
ulcer, which was sutured and a vagotomy and pyloroplasty were 
performed. Pathologic examination indicated the excised aneu- 
rysm was atherosclerotic with a superimposed infected aneurysm 
and a local acute abscess. Cephalothin sodium (Keflin) was admin- 
istered intravenously for a total of 30 days. 

Subsequently, he did well except for some difficulty with syno- 
vitis in his right knee for 28 months. He was rehospitalized with a 
three-week history of epigastric pain, a pulsatile, 8-cm, tender epi- 
gastric mass, and right knee effusion. An aortogram revealed an 
aneurysm of the lower thoracic and upper abdominal aorta with a 
surrounding soft tissue mass indicating a leakage. At operation a 
thoracic aorta-to-left-iliac-artery bypass graft was inserted, with 
side arms to the celiac, superior mesenteric, and left renal ar- 
teries. The previous bifurcation graft was removed, as was the 
false aneurysm. Postoperatively, he did poorly and had an anoxic 
cardiac arrest. During external cardiac massage the anteriorly 
placed proximal anastomosis was disrupted and required subse- 
quent repair. He died several days later. Staphylococcus albus 
grew from a culture of his aneurysm. 


The average age of surviving patients was slightly less 
than that of those dying (65 vs 68 years). Of five patients 
who underwent exploratory surgery who did not survive, 
three sustained an intraoperative cardiac arrest second- 
ary to bleeding and hypovolemia and could not be resusci-. 
tated. Most of these were in the earlier years of the series, 
when the rapid preparation of the hypovolemic patient for 
surgery was not so well standardized as now, and external 
compression was not utilized. Most recently we have suc- 
cessfully treated a patient with preoperative intraperito- 
neal rupture of an infected aneurysm. Because of the rar- 
ity of survival in this setting, this case is presented in 
detail. 
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A 70-year-old retired man was transferred from another hospi- 
tal because of fever and an abdominal mass. Three weeks previ- 
ously he had developed an infected right middle finger, which was 
drained, and he was given postassium phenoxymethy] penicillin 
orally. Ten days prior to admission he developed fever and experi- 
enced pain in the right side of the scrotum and right lower quad- 
rant, subsequently lost his appetite, and was admitted to his local 
hospital where he was noted to have right lower quadrant tender- 
ness and a luekocytosis of 17,000 to 23,000/cu mm. A plain film of 
the abdomen showed a 6-cm aneurysm. 

On admission his temperature was 40 C (104 F); pulse rate, 
120/min; and blood pressure, 124/84 mm Hg. He appeared to be 
toxic. The abdomen was slightly distended with diffuse guarding 
in the lower part of the abdomen. A slightly tender abdominal aor- 
tic aneurysm was palpable. There was more marked tenderness 
and rebound in the right lower quadrant. The peripheral pulses 
were intact. Blood and urine cultures were obtained and the pa- 
tient was prepared for aortic surgery. On exploration there was a 
small amount of free blood in the peritoneal cavity, and a huge, in- 
durated retroperitoneal hematoma situated mainly on the right. 
The appendix was normal in appearance. The aneurysm was re- 
sected, proximal control necessitating sacrifice of the left renal 
vein. A 19-mm woven Dacron graft was inserted and the distal 
anastomoses were carried out to the left external iliac and the left 
common femoral arteries. 

Staphylococcus awreus grew from the culture of the aneurysm, 
as it did from blood cultures made prior to surgery. His antibiotic 
coverage was changed to nafcillin sodium administered intrave- 


Fig 2.—Top, bottom left, bottom right, Angiograms showing pat- 
ent thorocoiliac bypass graft and transpubic graft one year after 
extraanatomic bypass graft and aneurysm resection for Sa/mo- 
nella aortic aneurysm. 
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nously in high doses and gentamicin sulfate intramuscularly, on 
the basis of sensitivity studies. He was maintained on a ventilator 
postoperatively, and tracheostomy was performed on the eighth 
day after operation. He required intermittent ventilatory support 
for three additional weeks, after which his tracheostomy was re- 
moved. The patient received nafcillin intravenously for a total of 
eight weeks, and all blood cultures obtained after the operation 
were negative. He continues to take erythromycin at home. 


In several instances an infected aneurysm was thought 
to develop during a prolonged septic illness, or was dis- 


covered after a long work-up of a protracted illness. A 


representative case history follows. 


A 30-year-old man was hospitalized for two months because of 
an automobile accident in which he sustained facial and rib frac- 
tures, and aspirated considerable quantities of water. He required 
tracheostomy, was supported with a positive pressure ventilator 
for six weeks, and subsequently developed a pneumothorax, an 
empyema, and Pseudomonas septicemia, which were successfully 
treated. Shortly after discharge he was readmitted with recurrent 
pneumonia that was again successfully treated. At home he began 
vomiting and his appetite decreased. He also complained of pain 
in the lower part of his back. On the morning of admission he be- 
came disoriented and apparently unable to see. 

On examination the blood pressure was 220/125 mm Hg and the 
pulse rate 120/min. The chest was clear. The abdomen was soft, 
with the liver edge palpable 1.5 cm below the costal margin. He 
was grossly disoriented. The WBC count was 24,900/cu mm and 
the BUN level 26 mg/100 ml. He received antihypertensive 
agents, as well as cephalothin for a suspected brain abscess. His 
back pain persisted and he remained febrile. On the fourth hospi- 
tal day an IVP revealed a nonfunctioning left kidney; a retro- 
grade pyelogram was normal. An aortogram showed aneurysmal 
dilation of the infrarenal abdominal aorta. Hydralazine hydro- 
chloride was added to the therapeutic regimen. A second aorto- 
gram four days later showed extension of the aneurysm above the 
celiac axis. On the tenth hospital day a Dacron bypass graft from 
the thoracic aorta to the iliac arteries was constructed with side- 
arm extensions to the hepatic, superior mesenteric, and right re- 
nal arteries; splenectomy and left nephrectomy were also per- 
formed. It was not possible to resect the aneurysm, because of 
inflammatory adhesions. The initial postoperative course was 
satisfactory, but over the ensuing days he became increasingly 
hypoxic and colloid, and vasopressors were required to maintain 
his blood pressure. He became more and more refractory to sup- 
portive measures and died on the afternoon of the fourth day af- 
ter surgery. Postmortem examination showed patent grafts and 
an infected abdominal aortic aneurysm. 


Gram-positive organisms were somewhat more common 
than Gram-negative, and although a comparable percent- 
age of each group underwent exploratory surgery, the sur- 
vival rate among those patients with Gram-positive orga- 
nisms was decidedly better (72% vs 25%). Of the ten 
patients infected with Gram-positive organisms, seven 
had operations; five survived. There were six cases of 
Gram-negative infections; four of these patients under- 
went surgery, but only one survived. One patient had a 
Mycobacterium infection, was operated on, and survived. 
Although in a few instances there was a demonstrable 
source of infection, S aureus from a paronychia, Salmo- 
nella many years after malarial treatment of central ner- 
vous system syphilis, or fever developing several days af- 
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ter an aortogram or instrumentation of the lower part of 
the urinary tract, in most instances the source of infection 
remained unknown. In only one instance was the infected 
aneurysm thought to be secondary to bacterial endocar- 
ditis. 

COMMENT 


Some of the clinical features of this group of patients 
are similar to those reported previously.*''"* Fever (70%) 
was the most common clinical finding, either as a first 
symptom or in association with a palpable aneurysm or 
abdominal or back pain. Fever in association with a pal- 
pable aneurysm should be considered as evidence of infec- 
tion until proved otherwise, since it is rarely caused by a 
retroperitoneal hematoma or enlargement of the aneu- 
rysm.™!? The percentage of women was surprising, since 
patients with abdominal aortic aneurysms are predomi- 
nantly men. The lack of calcium evident from abdominal 
films is also suggestive of an infected aneurysm, since 70% 
to 80% of arteriosclerotic aneurysms contain calcium. Os- 
teomyelitis or erosion of the vertebral column. common 
with syphilitic aneurysms of the thoracic aorta, is dis- 
tinctly uncommon with abdominal aneurysms, and should 
raise the suspicion of an infected aneurysm.” During sur- 
gery a particularly thin-walled aneurysm, or one with 
prominent contiguous lymph nodes or unusual surround- 
ing inflammation, should suggest a possible infection. 

A previous report from this institution™ has docu- 
mented the preponderance of aortic over peripheral in- 
fected aneurysms in our experience. Such findings are con- 
sistent with the declining importance of bacterial 
endocarditis and its propensity to distribute infected em- 
boli to more peripheral arterial bifurcations.: Infection 
appearing in abnormal arteries or preexisting aneurysms 
has become more common*'*:'® as a result of hemato- 
genous seeding during bacteremia or lymphatic spread 
from a contiguous infectious process. A possible additional 
mechanism is infection of a hematoma or pseudoaneurysm 
occurring with trauma.*™ Often it is difficult to distin- 
guish between an infected aneurysm and aortitis. The dis- 
tinction seems artificial, since aortic rupture may occur 
without actual aneurysm formation, and since the estab- 
lishment of infection in the aortic wall precludes success- 
ful nonoperative therapy. A strong plea is made for re- 
placing the appelation “mycotic” with the more precise 
term “infected” aortic aneurysm. 

In our series the source of infection was never found in 
most instances, as is increasingly the case.*-* Likewise, the 
changing causes of infected aneurysms reflect a changing 
bacteriology; Streptococcus, Pneumococcus, and Haemo- 
philus influenzae have become less common ard Gram- 
negative organisms more common: ten of 17 patients 
(59%) had Gram-positive organisms, six of 17 (35%) had 
Gram-negative, and one (6%) had tuberculous involve- 
ment. A phenomenon that has not been emphasized previ- 
ously is the importance of bacteriology on results and sur- 
vival. The aneurysm of only one patient among ten with a 
Gram-positive aneurysm had ruptured as compared to five 
among six patients with Gram-negative aneurysms. The 
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only survivor among these seven patients with ruptured 
aneurysms is described above. This phenomenon was also 
reflected in the high mortality (84%) of those patients in 
whom Gram-negative organisms grew from the aneu- 
rysms as compared with those patients in whom Gram- 
positive organisms grew (50%). 

As one would predict, early diagnosis and prompt inter- 
vention had the most striking effect on ultimate survival. 
Among seven patients with an admission diagnosis of ab- 
dominal aortic aneurysm, six survived, while there was but 
one survivor among nine patients in whom the diagnosis 
was not clear on admission, three of whom died without 
the diagnosis being made. These observations emphasize 
the need to promptly confirm the diagnosis of an infected 
aneurysm whenever it is suspected. Women with abdomi- 
nal aortic aneurysms, patients with noncalcified aneu- 
rysms, or those in whom an aneurysm is discovered after a 
febrile illness or bacteremia are suspect of harboring an 
infected aneurysm. We have come to rely increasingly on 
aortography as a diagnostic maneuver and have been im- 
pressed with its safety, practicality, and yield of useful in- 
formation. 

Salmonella infections pose a particular problem. These 
organisms seem to produce three types of vascular lesions: 
diffuse suppurative arteritis with rupture and the develop- 
ment of a saccular or false aneurysm, focal arteritis with 
aneurysm formation and rupture, and secondary infection 
superimposed on a preexisting arteriosclerotic aneu- 
rysm.” These lesions are usually small, but tend to involve 
the aortoiliac system with an alarming tendency to rup- 
ture early.” Sower and Whelan” reported the first sur- 
vivor of a ruptured Salmonella aneurysm treated by resec- 
tion of the aneurysm, Dacron graft replacement, and 
vigorous antibiotic therapy. However, their patient re- 
turned after 19 months with an aortoduodenal fistula and 
subsequently required a second prosthetic graft before a 
third graft was placed through clean tissue planes rather 
than the original infected site.” Instances where vascular 
reconstruction has been attempted in situ have almost al- 
ways resulted in recurrence or anastomotic leaks culmi- 
nating in death.’ 

Many abdominal aneurysms are not recognized as in- 
fected prior to operation and these pose a particular prob- 
lem. All aneurysms should have their wall and intralumi- 
nal thrombus cultured and smeared, and if an infected 
aneurysm is suspected on the basis of the operative find- 
ings, the entire aneurysm should be resected. If bacteria 
or suppuration are found, treatment with appropriate an- 
tibiotics should be continued for six to eight weeks. Our 
policy has been to begin antibiotic therapy before surgery 
on all aortic cases* and continue them in therapeutic 
‘doses for five days. If it is known beforehand that an an- 
eurysm is infected, more specific therapy can be planned. 
Werecommend bypass grafting through clean tissue planes, 
with excision of all infected tissue for Salmonella aneu- 
rysms because of the almost universal occurrence of leak- 
aga and recurrent infection if this is not done. Such can be 
performed either by a thoracoiliac graft” or by an 
axillofemoral graft. Strong consideration should be 
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given to such a procedure with other Gram-negative infec- 
tions. 
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Discussion 


Witey F. BARKER, MD, Los Angeles: Dr Osler’s original use of 
the word “mycotic” was to describe a mushroom-shaped aneurysm 
occurring in the presence of bacterial endocarditis, and the word 
“mycotic” in the description of an aneurysm secondarily infected 
is inappropriate as Dr Jarrett and his associates point out. 

The usual and best way to treat an infected aneurysm is de- 
scribed well: a bypass through a clean field and removal of the sep- 
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tic vessel. 

However, let me show the wrong way in which Peter Gaal, MD, 
and I handled an infected aorta in 1961 before we were smart 
enough to use the classical extraanatomic approach. Several days 
after surgery this young man bled from a retroaortic tear follow- 
ing a retroperitoneal dissection for a testicular tumor. A primary 
repair was followed by formation of a staphylococcal aneurysm- 
abscess off the posterior aortic wall. Not knowing what better to 
do, we took over his care, excised the aorta and debrided the ab- 
scess, and replaced the aorta with a knitted Dacron graft placed in 
the abscess field. Local antibiotics were administered by catheter 
for several weeks, as well as a course of systemic antibiotics. 

Several years later the patient returned with claudication, not 
sepsis. A dense external compression of the graft was bypassed 


_by a second Dacron prosthesis. The patient was well, on all counts, 


ten years after the initial crisis. 

This method is not now recommended. 

CHARLES G. Ros, MD, Rochester, NY: We have seen four my- 
cotic aneurysms of this type due to Salmonella and we have 
treated them differently. We have excised these aneurysms in the 


usual way. We have replaced them with a Dacron graft, not a by- ~ 


pass, and we have treated these aneurysms all with chlorampheni- 
col (Chloromycetin) which the patients have been taking for the 
rest of their lives. 

Now, the interesting thing is that of these four patients, all 
have lived more than two years. However, two of them-have had 
the misfortune two years or more after surgery to meet an inter- 
nist who considered the risks of chloramphenicol greater than the 
risks of recurrence of the Salmonella infection and of the aneu- 
rysm. The physician stopped administering the antibiotic because 


he thought that the patient might develop aplastic anemia. Both 


these patients died with recurrent Salmonella infection and rup- 
ture of the recurrent aneurysms. 

Tomas J. Donovan, MD, Hartford, Conn: During the last year 
we have reviewed 20 years’ experience in Hartford Hospital with 
aortoduodenal fistulas, and while this is not exactly the same con- 
dition, I think the same principles apply. We have performed six 
secondary fistula operations, three of which have been successful 
for leng-term salvage, and two primary fistulas. 

In the two primary aortic enteric fistulas, we simply resected 
the aneurysm, replaced it with a graft, and closed the duodenal 
fistula. These sites did not become infected and the patients were 
long-term survivors. In the six secondary fistulas, we removed the 
graft, closed the duodenum and aorta, and bypassed the area be- 
cause we were not sure if they were infected. These areas all were 
contaminated and had positive cultures, and three of these pa- 
tients were long-term survivors, the longest being 13 years at this 
time. 
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I agree with the principle outlined by the authors and Dr 
Barker. About ten years ago we presented before this society our 
experience with this surgical approach of bypassing the infected 
or potentially infected area and removing the foreign body or 
prosthesis completely. Our experience is that either the thoracic- 
oiliac or the axillofemoral bypasses work well and are a successful 
way of handling this situation with careful closure and exclusion 
or defunctionalization of the duodenal fistula. 

I would like to ask the authors if they had any inkling from 
their gross observations of the tissues as to which grafts were 
contaminated or infected. Do they think that they can get away 
with just replacing the aneurysm with a graft in some earlier 
cases that do not look grossly infected? 

Dr JARRETT: I would like to thank the discussers for making 
their views known, particularly in this case, since I have learned 
so much from the writings of these individuals during the past 
few years. 

Dr Barker, we have not had occasion to leave catheters behind in 
abdominal infected aneurysms. We have done this occasionally in 
the periphery, as have other people, and we think it has been help- 
ful. We have not done this with our aortic cases. 

Dr Rob, we have not been successful in bypassing Salmonella 
aneurysms through their infected bed, and now prefer to con- 
struct an extra-anatomic bypass if the diagnosis is known before 
operation. We have no qualms about using chloramphenicol in- 
travenously whenever necessary, since, to my knowledge, the cat- 
astrophic aplastic anemia that is so dreaded has not been seen 
when administration is by the intravenous route only. We prefer 
not to continue to give patients chloramphenicol orally on a long- 
term basis, since the more common, reversible type of marrow de- 
pression appears to be dose-related. _ 

Dr Donovan, I think we have been a little lucky in some of the 
patients we have operated on and in whom we have excised the 
aneurysm or resected it and placed the graft in the usual bed. 
Many of these patients, several days later, to our consternation, 
have bacteriology reports of infected aneurysms and, as I men- 
tioned, five of seven of these survived and did quite well, provid- 
ing Gram-positive organisms grew from the aneurysm. 

I do not know why, but I think these patients seem to fare much 
better than patients in whom Gram-negative organisms grow 
from the aneurysms. In these instances we have been pleased be- 
cause we have usually excised the entire aneurysm, hopefully re- 
moved all infected tissue, and maintained antibiotic treatment for 
a long time, six to eight weeks. However, in hindsight, I am not 
sure whether we have done exactly the optimum thing in not 
reoperating and performing a bypass through clean tissue planes. 
Most of the patients have gotten better and I think they have 
done very well. 


Infected Aneurysms—Jarrett et al 


Prognostic Indicators in 


Femoropopliteal Reconstructions 


Richard H. Dean, MD; James S. T. Yao, MD, PhD; Paul E. Stanton, MD; John J. Bergan, MD 


@ The incidence of early failure in 115 vein femoropopliteal 
grafts has been analyzed for the presence of reliable prognostic 
indicators of such failures. One hundred twelve patients had pre- 
operative Doppler ultrasound assessment; 98 had intraoperative 
graft flow measured. Early graft failure was more prevalent in pa- 
tients with rest pain and gangrene and in patients with poor run- 
off. Neither of these two findings had predictive value. Ninety- 
one percent of patients with a pressure index (ankle systolic 
pressure/brachial systolic pressure) less than 0.20 had early 
graft thrombosis. This suggests that arterial reconstruction is fu- 
tile in this group. Measurement of vein graft flows intraopera- 
tively was of value. Grafts with basal flows less than 70 ml/ 
min uniformly thrombosed. There was significant correlation be- 
tween ankle pressure index and intraoperative vein graft flow 
(r=.52). Both ankle pressure index and intraoperative vein graft 
flow provide prognostic indications of graft failure and should be 
of value in selecting patients for femoropopliteal reconstruc- 
tions. 

(Arch Surg 110:1287-1293, 1975) 


ee eet reconstruction by autogenous saphe- 
nous vein bypass is a widely accepted procedure em- 
ployed for relief of severe lower limb ischemia caused by 


_ superficial femoral artery occlusion. Advocates of the pro- 


cedure cite the low operative mortality, and emphasize the 
salvage of more than 50% of limbs that would otherwise 
require amputation. On the other hand, critics of the op- 
eration emphasize the frequency of unsuccessful limb sal- 
vage femoropopliteal bypasses, indicate need for two op- 
erations when amputation alone would suffice, and 
suggest that such procedures are unwarranted.’ Further, 
the role of femoropopliteal bypass in the treatment of in- 
termittent claudication has been questioned.‘ 

Although a number of prognostic indicators have been 
advocated in selection of patients for operation, the mag- 
nitude of the continuing controversy surrounding femo- 
ropopliteal reconstruction testifies to their inadequacy. 
Clearly, there is a need both for improved methods of 
screening patients from unnecessary, unsuccessful proce- 


dures and for more accurate intraoperative indicators of ` 


‘successful revascularization. This study specifically exam- 
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ines the prognostic usefulness of preoperative Doppler 
ankle systolic pressures and the use of intraoperative 
graft flow as indicators of probable early graft throm- 
bosis. 

While it is acknowledged that long-term assessment of 
graft patency is crucial to evaluation of the femoro- 
popliteal bypass operation, short-term patency was chosen 
as an end point in this study. The reasons for this include 
the fact that, although long-term patency depends on 
early success of reconstructions, it also depends on pres- 
ently unmeasurable variables, such as rapidity of disease 
progression, metabolic indexes in the patient, smoking 
habits, and coagulation factors. 


SUBJECTS 


One hundred fifteen autogenous saphenous vein femoropopliteal 
grafts performed in 74 men and 31 women between March 1, 1972, 
and January 1, 1975, are available for this analysis. Ages of pa- 
tients ranged from 33 to 84 years; mean, 64.5 years. Initial symp- 
toms were intermittent claudication in 57 patients, rest pain in 28, 
and rest pain with gangrene or ischemic ulcerations in another 30. 
Forty patients had diabetes mellitus. Depending on the presence 
or absence of significant disease in the mid- and distal popliteal 
artery, the distal anastomosis of the femoropopliteal bypass was 
placed above the knee in 46 and below the knee in 69 patients. Pa- 
tients with acute arterial occlusions were not included in this eval- 
uation. An attempt was made to create uniformity in the study 
population. Therefore, patients with endarterectomy alone, bovine 
or Dacron grafts alone, or composite reconstructions using a vari- 
ety of materials are not included in this analysis. 


METHODS 


Patients were evaluated according to the severity of symptoms, 
angiographic assessment of outflow vessels, level of the preopera- 
tive Doppler pressure index, and the adequacy of intraoperative 
graft flow. 


Angiographic Assessment 


Assessment of the preoperative arteriograms of all 105 patients 
revealed isolated popliteal segments in ten patients, only one pat- 
ent trifurcation vessel in 36, and more than one patent runoff ves- 
sel in 69 limbs. This method of angiographic classification is 
slightly different from that used in some prior reports.° However, 
the concept of an isolated popliteal segment, defined as a popliteal 
artery with outflow only through collateral vessels, is well estab- 
lished. 


Hemodynamic Assessment 


Doppler Ultrasound Evaluation.—One hundred twelve operated 
extremities were evaluated preoperatively in the Northwestern 
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Table 1.—Graft Failure Rate vs Severity of Symptoms 
% 


No. of No. of 
Symptoms Grafts Failures“ Failures 


Claudication 6 (4) 10 


Rest pain 28 14 (1) 50 


Rest pain & gangrene 
or ischemic ulcer 30 17 (2) 56 


Diabetes 40 12 (2) 30 


* Number directly attributed to technical errors indicated paren- 
thetically. 














Table 2.—Graft Failure Rate vs Number of Patent 
Runoff Vessels 


No. of No. of % 


Failures* Failures 


Runoff Vessels 
Isolated segment 5 50 
1 vessel 19 (2) 

2-3 vessels 13 (5) 





* Number directly attributed to technical errors indicated paren- 
thetically. 














Table 3.—Graft Failure Rate vs Preoperative Pressure Index 
No. of No. of % 
Pressure Index* Grafts Failures} Failures 
0-0.2 12 11 (1) 91 
0.2-0.3 16 8 50 
0.3-0.4 21 ri 33 
>0.4 11 (6) 17 





* Pressure index = ankle systolic pressure/brachial systolic pres- 
sure. 

t Number directly attributed to technical errors indicated paren- 
thetically. 


University Blood Flow Laboratory. Flow velocity wave-forms of 
the femoral, popliteal, and pedal vessels were obtained with a 
directional Doppler. A standard sphygmomanometer cuff was 
placed just above the ankle and systolic pressure was determined 
over the pedal vessels by the ultrasound method. A systolic pres- 
sure index was then derived by comparing the ankle and brachial 
systolic pressures. A more detailed description of this technique 
has been reported." 

Intraoperative Assessment of Graft Flow.—A square-wave electro- 
magnetic flowmeter was used to assess intraoperative flow 
through the vein graft after completion of femoropopliteal bypass 
in 98 instances. After basal flow was measured, papaverine hydro- 
chloride, 15 mg, was injected into the graft and maximal aug- 
mented flow value obtained. 


RESULTS 


Results are evaluated in relation to the severity of ini- 
tial symptoms, adequacy of popliteal outflow vessels, pre- 
operative ultrasonically derived ankle pressure index, and 
intraoperative flow through the graft. Further, results are 
based on graft patency six months after reconstruction. 
Grafts that thrombosed within six months are classified as 
failures since these grafts allowed no significant long- 
term rehabilitation of the patient. Vein graft thromboses 
were identified, postoperatively, by lack of symptom im- 
provement, no increase in ankle systolic pressure, and, in 
certain instances, further angiography. 
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Fig 1.—Bilateral femoral arteriograms in patient with severe rest 
pain and pregangrenous skin changes in both feet. Several dis- 
eased but reconstructable popliteal segments are demonstrated 
on both sides. 


Fig 2.—Preoperative pressure index is compared to angiographic 
patency of runoff vessels. 
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Fig 3.—Intraoperative basal graft flow is related to angiographic 
patency of outflow vessels. 












Table 4.—Comparison of Preoperative Pressure Index, 
Number of Patent Runoff Vessels, and Graft Failure Rate 






Pressure Index* 


0.2-0.3 0.3-0.4 
2 

7 (4) 
7 (4) 


No. of 
Runoff Vessels 


Isolated segment 


0-0.2 
5 (4) 
5 (5) 11 (5) 
2 (2) 50 (5) 


* Pressure index = ankle systolic pressure/brachial systolic pres- 
sure. Number of early failures indicated parenthetically. 



























13 (5) 
7 (2) 








2-3 vessels 


Symptom Severity 


Fifty-seven grafts were placed because of the patient’s 
complaint of intermittent claudication (Table 1). Six (10%) 
of these occluded within six months. Four were related to 
technical errors. These failed within the first postopera- 
tive week. When these obvious technical errors are ex- 
cluded, early graft patency was achieved in 51 of 53 pa- 
tients (96%). 

Rest pain without ischemic skin lesions prompted fem- 


oropopliteal bypass in 28 patients. Fourteen (50%) of these © 


failed within six months. 


Thirty patients were treated for rest pain and gangrene 4 
or ischemic ulcerations. Seventeen (56%) of these throm- | 


bosed early. 
Therefore, graft success rate did stratify very crudely 






according to symptom severity. With claudication alone, a sis 


Fig 4.—Preoperative pressure index is compared to intraoperative basal graft flow. 
Deleting technical errors, coefficient of correlation between these two variables is .52. 
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Table 5.—Graft Failure Rate vs Intraoperative Basal 
Graft Flow 










Intraoperative No. of No. of % 
Basal Graft Flow, ml/min Grafts Failures* Failures 


0-70 16 16 (2) 100 





70-100} 
(Augmented flow < doubled) 4 2 50 
(Augmented flow œ> doubled) 18 


>100 







5 (1) 27 
60 8 (4) 13 


* Number attributed to technical errors indicated parenthetically. 
t Basal flow augmented by 15 mg papaverine hydrochloride. 



















Table 6.—Comparison of Intraoperative Graft Flow, 
Number of Patent Runoff Vessels, and Graft Failure Rate 






Intraoperative Flow, ml, min* 











No. of 
Runoff Vessels 0-70 70-100 100-150 150 
Isolated segment 5 (5) 5 
1 vessel 9 (9) 9 (6) 10 (2) 7 (1) 
2-3 vessels 2 (2) 8 (1) 25 (3) 18 (1) 











* Number of failures indicated parenthetically. 


gross patency rate of 90% was-achieved. When more se- 


_ vere ischemia was present, only a 50% patency was ob- 
tained. 


Angiographic Assessment 
Ten bypasses were placed to isolated popliteal segments 


= (Table 2). Five (50%) of these occluded within six months. 
_ Nineteen of 36 grafts (52%) placed in patients with only 


one patent outflow vessel failed within six months. Two of 
these were related to technical errors. Only 13 of 69 grafts 


_ (18%) anastomosed to popliteal arteries with at least two 





_ patent branches failed. Five of these early failures were 


directly attributable to technical error. Therefore, the in- 


= cidence of early graft failure could not be predicted on the 
- angiographic evaluation of runoff vessels. This particular 
- point is emphasized by an arteriogram (Fig 1) in a patient 


with rest pain and pregangrenous skin lesions. Although 


_ both limbs had equally severe disease in popliteal branch 
_ vessels, both vascular trees were potentially reconstruct- 

able. A left saphenous vein femoropopliteal bypass contin- 
ues to remain patent over 12 months. In contrast, the 
_ right bypass failed within 24 hours and, ultimately, the 


leg was lost to amputation. 
Doppler Systolic Pressure Index 


The preoperative Doppler systolic pressure indexes 


_ were categorized as shown in Table 3. Eleven of 12 pa- 


tients (91%) with pressure indexes less than 0.20 had early 
graft thrombosis. This was true regardless of patient 


symptoms or angiographic assessment of outflow. In 


seven patients, no ankle pressure was recordable. In these 
individuals, all reconstructions failed within 30 days. 
Sixteen patients had pressure indexes ranging from 
0.20 to 0.30. Eight (50%) of these failed within six months. 
Seven of 21 grafts (33%) inserted in patients with pres- 
sure indexes of 0.30 to 0.40 were unsuccessful. In patients 
with pressure indexes greater than 0.40, only 11 of 63 
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grafts (17%) failed within six months. Six of these latter 
failures resulted from technical errors, which, of course, 
were not related to the ankle/brachial pressure index. * 

Figure 2 analyzes the relationship between the pres- 
sure index and the number of patent popliteal outflow 
branches. The mean pressure index varied directly with 
the number of patent runoff vessels. Nevertheless, there is 
great variability in the pressure indexes among the pa- 
tients in the same angiographic groupings. 

Table 4 displays the preoperative pressure index, the 
number of patent outflow vessels, and the incidence of 
graft thrombosis. Low and high pressure indexes are seen 
in each of the outflow vessel categories and vice versa. As 
also indicated on the graph (Fig 2), the only consistent in- 
dicator of graft failure is the low pressure index (0 to 
0.20). This is true regardless of the patency of the outflow 
vessels as demonstrated by the angiogram. 


Intraoperative Flow 


Basal graft flows ranged from 0 to 350 ml/min. Papav- 
erine-augmented flows were recorded as high as 550 ml/ 
min. The usual pattern was for basal flow to double 
during papaverine augmentation. Intraoperative blood 
flow through the vein graft is compared to early graft 
failure in Table 5. None of the 16 grafts with bazal flows 
less than 70 ml/min remained patent longer than 30 days. 
Twenty-two bypasses demonstrated basal flows between 
70 and 100 ml/min. Following papaverine augmentation, 
four of these graft flows did not double. Two of these 
failed (50%). In the 18 patients whose flow doubled after 
papaverine injection, five grafts (27%) failed within six 
months. Finally, 60 grafts had more than 100 ml/min ba- 
sal flow. Only eight (18%) of these thrombosed within six 
months. Further, four of these failures were attributable 
to faulty operative technique. 

Figure 3 compares the basal flow with the number of 
patent outflow vessels. Isolated segment basal graft flow 
ranged from 15 to 90 ml/min (mean, 53 ml/min). Graft 
flows from 0 to 240 ml/min were recorded in patients with 
only one patent outflow vessel (mean flow, 105 ml/min). 
Finally, patients with two or more patent distal branches 
had graft flows ranging from 60 to 350 ml/min (mean, 140 
ml/min). When the intraoperative flow is related to the 
number of patent runoff vessels and to the incidence of 
early graft failure (Table 6), the only consistent correla- 
tion with graft thrombosis is seen in patients with low 
flows. This is true regardless of angiographic patency of 
runoff vessels. 

Correlation of preoperatively determined pressure in- 
dex and the intraoperative graft flow is displayed in Fig 4. 
The mean pressure index among patients with graft flow 
less than 70 ml/min was 0.22. In contrast, patients withe 
graft flow greater than 150 ml/min had a preoperative 
mean pressure index of 0.48. Higher pressure indexes sug- 
gest a greater collateral flow and probably a greater out- 
flow bed that can sustain the higher graft flow. This rela- 
tionship is highly significant when analyzed statistically 
(correlation coefficient, r=.52). iy 

Finally, the seven graft failures definitely attributable 
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to avoidable technical errors have been included in the 
study. Five patients required one or more reexplorations 
during the immediate postoperative period for bleeding 
from the graft itself. Another patient had a twisted graft, 
and an additional patient received a graft that crossed the 
knee joint and that occluded on knee extension. In each in- 
stance, correction was attempted but early failure re- 
sulted. None of these causes of graft failure could have 
been predicted by the preoperative assessment. - 


COMMENT 


Advances in reconstructive vascular surgery must com- 
bine improved operative technique with maturation of 
surgical judgment. Reconstructive techniques now extend 
distal anastomoses to the ankle level, but some argue that 
technical improvements have outdistanced implementa- 
tion of clinical judgment so that patients with high risk 
and poor prognosis are being subjected to too many surgi- 
cal misadventures. 

Many points of the history, physical examination, labo- 
ratory and angiographic evaluation have been suggested 
as prognostic indicators of successful revascularization. 
Bouhoutsos and Martin’ evaluated 300 nondiabetic pa- 
tients and found that the chance for long-term graft pa- 
tency increased with the age of the patient. They attrib- 
uted a high failure rate among young individuals to more 
rapidly progressive atherosclerosis in these patients. Dia- 
betes also has been suggested as a factor decreasing long- 
term graft patency. Stipa and Wheelock,’ however, found 
no significant difference in their results with 73 diabetic 
and 67 nondiabetic patients. Further, most series, includ- 
ing ours, have a higher graft patency rate in patients 
treated for claudication, but Miller® found no statistical 
difference when comparing results in patients with claudi- 
cation and those treated for rest pain or gangrene. 

Probably the most widely used surgical prognostic in- 
dicator is angiographic appearance of the popliteal artery 
and its distal branches, the runoff. In this regard, De- 
Weese and Rob” examined the fate of 113 femoropopliteal 
grafts. In patients with no or one patent runoff vessel, 
they found early and late graft failure rates to be 32% and 
55%, respectively. Their incidence of early and late throm- 
bosis in patients with two or more patent vessels was 20% 
and 34%, respectively. This higher failure rate in patients 
with poor runoff was also seen in the present series, but 
lacked precision in identifying the patient whose graft 
would fail. Some''* believe that the number of open out- 
flow vessels does not influence graft patency. Others" 
even think that angiography may be misleading. Clearly, 
the existing and time-honored factors that may suggest a 
favorable or unfavorable prognosis fail to be of predictive 


- ¢value in determining the likelihood of early graft throm- 


bosis and failure of revascularization in the individual 
case, 

Doppler ultrasound is of proven value in determination 
of severity of occlusive disease in the distal extremity. 
Previous studies have shown a highly significant correla- 
tion between the severity of ischemia and degree of ankle 

systolic pressure reduction." Isolated lesions of the femo- 
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ropopliteal segment produce only modest reductions in 


ankle pressure and are usually associated with inter- — 
mittent claudication. Extensive occlusive disease and — 


threatened limbs, however, demonstrate severe depression 
in the ankle systolic pressure. Since distal pressure is in- 
versely related to the proximal resistance, markedly re- 
duced ankle pressures connote extremely high resistance 


to blood flow through the collateral bed or the popliteal 
and distal arteries. Since a major determinant of graft 
survival is related to the extent of distal disease, and since — 
the ultrasonically derived pressure index is a gauge of the 


severity of this disease, the ankle/brachial index should 


correlate inversely with the incidence of graft failure. Ta- 


bles 3 and 4 show that this assumption is true. Further- 


more, when the pressure index is severely depressed, be- | 


low 0.20, it becomes a highly accurate predictor of early P 


graft failure (91%), irrespective of the angiographic dem- 
onstration of an anatomically correctable lesion. This sug- 


gests that femoropopliteal reconstruction in such patients 


with chronic occlusions may be unwarranted. 


It must be realized that three factors affect the an- — 7 
kle/brachial index and may lead to errors in interpre- __ 


tation of severity of ischemia or the likelihood of success- 


ful revascularization. An occasional patient with severe © 
ischemia may have calcified vessels of the femoropopliteal 


and distal segments. These vessels are not compressible 
by the blood pressure cuff and, although severely ab- 
normal Doppler ultrasound pulse wave-forms will be de- 
tected, the ankle blood pressure may even exceed 300 mm 


Hg. These patients are easily recognized and should not be 
interpreted as having adequate distal perfusion. Second, — 
patients with embolic or acute thrombotic occlusion of the 

femoropopliteal segment may have no audible ultrasound 


signals or demonstrable ankle pressure. This is due to the A 


inadequacy of collateral vessels and the presence of distal 
thrombosis. Such patients can usually be successfully re- 
vascularized by thromboembolectomy. The clinical appear- _ 


ance should easily separate these patients from those with 


severe chronic occlusive disease who have no demonstrable 


ankle pressure. Third, patients with aortoiliac disease, 


who are not under discussion at this report, may have very 


low ankle pressures that may easily be restored to normal — 


by appropriate reconstructive surgery. 
The relationship between intraoperative basal graft 
flow, response to papaverine augmentation, and incidence 


of subsequent graft thrombosis has been evaluated by — 


several investigators. Eighty percent of grafts with flows 
less than 60 ml/min failed within three months in the 
series of Little et al.'* Although Terry and his associates" 
showed a higher frequency of graft thrombosis if the flow 
was less than 100 ml/min (54%), two of four grafts with 
flows less than 50 ml/min remained patent. Mannick et 
al” studied 14 grafts and described one bypass that re- 
mained patent with a basal flow of only 15 ml/min. In con- 
trast, no graft in the present series with a basal flow less 
than 70 ml/min remained patent longer than six months, 
Nevertheless, it is apparent that the extent of maxi- 
mal papaverine augmentation is important. Two of four 
grafts with flows less than 100 ml/min that did not double 
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‘in flow after papaverine injection failed acutely. Since the 


lack of significant augmentation suggests the presence of 
a significant fixed obstruction to flow, intraoperative arte- 
riography should be employed to exclude the presence of 
correctable technical errors in such a situation. 

Although low graft flows may be of predictive value, 
higher flows can occasionally be misleading. If a patient 
with an isolated superficial femoral occlusion with excel- 
lent runoff vessels has a high graft flow, functional revas- 
cularization of the extremity can be expected. In contrast, 
patients with isolated popliteal segments may have high 
distal runoff resistance and lower proximal flow resist- 
ance. In these patients, blood flow may fail to perfuse the 
distally ischemic foot. In such cases, preferential flow 


_ from the graft may be directed centrally through the su- 


preme or superior geniculate collaterals and, although 
graft patency may persist, functional revascularization of 
the extremity may be inadequate. 

The phenomenon of proximal outflow has led us to mea- 
sure graft flow both with the popliteal artery open and 
with the popliteal artery proximal to the anastomosis oc- 
cluded by a vascular clamp. In those instances where the 
latter maneuver significantly reduced graft flow, intra- 
operative arteriography is used to exclude the presence of 
an anastomotic obstruction to distal flow. 

In conclusion, our evaluation has found symptom sever- 
ity and angiographic assessment of runoff vessels to be 
poor prognostic indicators in screening patients from un- 
successful femoropopliteal reconstruction. In contrast, the 
Doppler pressure index was a valuable indicator of prog- 
nosis. Patients with greatly reduced values, less than 0.20, 
had minimal chance for successful revascularization. Such 
patients probably should be eliminated from operative 
consideration. Intraoperative graft flow also was a valu- 
able predictor of early graft thrombosis. If basal graft 
flow was below 70 ml/min, early failure was inevitable. 


This investigation was supported in part by the Northwestern University 
Vascular Research Fund. 
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Discussion 


DONALD E. STRANDNESS, MD, Seattle: I found this paper very in- 
teresting from many aspects. Basically it addresses itself to the 
problem of runoff and its effect on graft function. In the case of 
femoropopliteal disease, it has always been easy to define excel- 
lent runoff as consisting of no disease in the three medium-sized 
arteries below the knee. 

However, beyond this point the problem becomes very murky 
and difficult to define. From my vantage point, I always thought it 
was reasonable to think in terms of resistance to flow as expressed 
in the arm-to-ankle systolic pressure index as a simple accurate 
method of classifying occlusive disease. The lower the index, the 
greater the resistance to flow, which is nearly always a reflection 
of adding more collateral vessels in series. 

The resistance to flow determines not only the volume flow that 
can be accommodated, but also the velocity of flow to the vessels 
most proximal to the first level of occlusion. This study seems to 
me to confirm what surgeons have known for a long time, that the 
poorer the runoff, the less the chance for success. Furthermore, I 
think it is of predictive value and I would agree that anyone with 
an ankle pressure index of 0.2 or less is certainly at a higher risk 
for early graft failure. i 

Beyond this point I am not sure the particular ankle pressur 
index would be of that much predictive value because you are get- 
ting into the area where you might still be willing to gamble in 
terms of long-term benefits. But I do believe it does allow the sur- 
geon to present to the patient some facts with regard to the pros- 
pects for long-term success based on very simple measurements. 

Jonn A. MAnnick, MD, Boston: I would like to compliment Dr 
Dean and his associates on an excellent correlation of the physio- 
logic data with the clinical results in a very sizable series of obser- 
vations. 

However, I really cannot agree with the authors with regard to 
the intraoperative flow measurements and their correlation with 
the success or failure of grafts. Just for historic interest, Dr Jack- 
son and I made a series of observations 10 or 11 years ago on a 
series of femoropopliteal bypasses done in patients whom we 
thought had poor outflow tracts. The initial flow rates in the 
grafts were often under 70 ml/min, and by no means did all of 
these grafts fail. The success rate in these relatively low-flow 
grafts was really not much different in our hands than in those 
grafts with flow rates above 70 ml/min, mean flow. 

In one example, the mean flow rate after grafting to an isolated 
segment of popliteal artery was just about 50 ml/min. In that, 
same patient the tissue perfusion of the foot measured by venous 
occlusion water plethysmography in a controlled temperature en- 
vironment rose postoperatively from 0.7 to 3 ml/min/100 cu em of 
tissue. 

So I think that grafts that have an initially low flow rate may 
ultimately produce quite a respectable increase in tissue perfu- 
sion. What I suspect we should really do very compulsively, how- 
ever, is on-the-table angiography in any patient who has a low 
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flow rate at the time of grafting because we may have made a 
technical error that we ought to correct. This may be the reason 
for the low flow rate. 

HENDRICK B. BARNER, MD, St. Louis: We have measured intra- 
operative graft flows in 74 patients having femoropopliteal bypass 
with reversed saphenous vein and have followed up these patients 
for one to six years, during which time 21 of the grafts have 
failed. The two groups, those with patent or occluded grafts, were 
quite well matched in terms of age distribution, sex, incidence of 
diabetes, and indication for operation. 

The outflow tracts in the two groups were similar when graded 
by two systems, namely by counting the outflow vessels or by a 
point system devised by Morton and associates. Mean basal graft 
flow was 75 ml/min for patent grafts and slightly greater for oc- 
cluded grafts. Mean peak flow after injection of 15 mg of papav- 
erine hydrochloride into the graft was 200 ml/min for both patent 
and occluded grafts. 

We concluded from these studies that intraoperative graft flow 
is not predictive of early or late patency. We continue to measure 
intraoperative flows because it is reassuring to the surgeon to 
know that there is flow through the graft. We insist on intra- 
operative arteriography as we think this is the best means of de- 
tecting technical errors. 

R. CLEMENT DARLING, MD, Boston: From 1960 through 1974, 859 
femoropopliteal reconstructions were carried out at the Massachu- 
setts General Hospital on the private vascular service. Using the 
life table method, it was found that the five-year patency rate 
ranged from 76% using autologous saphenous vein, down to 25% 
patency with Dacron bypasses. I would like to direct my remarks 
to predicting prognosis for graft patency in terms of outflow ves- 
sels as visualized by preoperative angiography. I have analyzed 
233 consecutive saphenous vein bypass grafts carried out by me 
personally. The angiographic outflow tract had been previously 
recorded in the patient’s record. Of 102 reconstructions carried out 
to a popliteal artery with a good-to-excellent outflow tract, 84% 
were patent at five years. However, of 131 vein grafts carried out 
to a fair-to-poor or isolated popliteal segment, 78% were patent at 
five years. There seems to be, therefore, very little difference in 
the long-term patency rates in regard to outflow tract. A poor out- 
flow tract, however, does mean that (1) the patient will have a poor 
popliteal artery with which to deal and there will be a slightly in- 
creased early occlusion rate as a result; (2) despite good long-term 
graft patency, toe or forefoot amputations may be necessary be- 
cause of the presence of small vessel disease; and (3) in the long- 
term follow-up, those patients with compromised outflow vessels 
usually have a much higher degree of associated cardiovascular 
disease and late death. For example, 14 patients of 102 with good 
outflow tracts, or 13%, were dead with patent grafts by five years; 
whereas 40 patients of 131 with a poor outflow tract, or 32%, died 
with patent grafts at five years. These data agree essentially with 
those published previously by Dr Linton and myself but appar- 
ently are at some difference with the findings of Dr Bergan and 
his group. 

We would generally agree, however, that a poor graft flow at 
surgery, for example under 50 ml/min, is a poor prognostic sign, 
but on the other hand, good initial flows are no guarantee for long- 
term success. 

With the help of our vascular laboratory we have monitored our 
femoropopliteal reconstructions both on the table, in the recovery 
room, and in the early and late postoperative periods. The grafts 
most likely to fail in our experience are those where normal sys- 
tolic pressure or pulse volume recording as measured by ampli- 
tude and pulse contour are not obtained initially. Certainly failing 
limb pressures and pulse volume recordings in the late follow-up 
period should be an indication for prompt angiography before 
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graft thrombosis occurs. 

Despite some minor differences of opinion, I would like to con- 
gratulate Dr Dean and his coauthors for a stimulating study and 
an excellent presentation. 

EDWARD B. DIETHRICH, MD, Phoenix, Ariz: The authors have 
done a very fine job in showing some of the physiological prin- 
ciples. But also I think we have to consider the nature of the con- 
duit when we are talking about the factors affecting long-term by- 
pass. 

The autogenous vein has certainly been the superior conduit 
over the past several years. However, throughout the last five 
years there have been some sporadic indications in the literature 
that the cadaver vein or homograft vein might be an acceptable 


conduit. For 3% years we have been studying cadaver veins in 
femoropopliteal situations, in the femorotibial position, and in 


aortocoronary bypass. 

I have a very interesting slide that shows an autogenous vein 
graft from the right common femoral artery to the popliteal ar- 
tery. This graft was placed six years ago and its patency is ob- 
vious. 

Twenty-one months ago we had the opportunity to operate on 
this patient’s left leg, at which time we placed a homograft vein 
from the common femoral artery to the popliteal artery. The arte- 
riogram taken one year later demonstrates patency of the homo- 
graft vein. The homograft veins we use are harvested from cadav- 
ers and stored at 4 C in antibiotic solutions up to 30 days. 

In addition to the fact the authors have so nicely presented, I 
believe we have to consider the nature of the conduit itself, and 
we have found that when there is not a satisfactory saphenous 
vein, the cadaver vein should be considered an adequate alterna- 
tive. 

Dr Wuitney, Atlanta: We, too, have been interested in the con- 
duit. I am indebted to Dr Dean for his statistical evaluation of the 
correlation between the low-flow situation and patency. 

We have observed in a series of tibial bypass grafts failure 
within the first six months, which must be related to some extent 
to flow. There was limited outflow in each case. In an immediate 
postoperative arteriogram showing the shaft of the tibial bypass, 
the proximal area seemed to be anatomically correct. 

In the six month postoperative arteriogram, which we did be- 
cause of decreased pulse, we noticed a short segment of web-like 
stenosis. Since we do not clamp our vein, we are very sensitive to 
the cause for this. 

From cinematographic observations it is our belief that to-and- 
fro flow with limited outflow situations could be responsible for 
hypertrophy of the valve in early thrombosis. It is our impression 
that this may be one cause for failure that needs further clari- 
fication. 

Dr Dean: We agree that nothing can be 100%, and although 
grafts with flows less than 70 ml/min failed in this series, cer- 
tainly we will have one stay open in the future. I think the impor- 
tant point to make about intraoperative flow is if it is low, one is 
obligated to find out why with intraoperative arteriography and 
then correct the lesion if it is a technical problem. 

As to Dr Darling’s comments regarding distal thigh pressure 
and ankle pressure, we, too, have found patients who have a high 
distal thigh pressure and a very low ankle pressure. These patients 
are extremely poor candidates, for this is the ultimate in high re- 
sistance distal to the point where the anastomosis is to be made. 

In regard to Dr Mannick’s comments, we are aware that they 
have had grafts with very low flows remain patent. His point re- 
garding increasing flow postoperatively is certainly important. 
We also have seen progressive increases in postoperative Doppler 
ultrasound pressures during the first day postoperatively. This 
gives additional support to his finding. 
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- Crossover Femorofemoral Grafts 


_ Followed Up Five Years or More 


- 


An Analysis 


Donald K. Brief, MD; Bruce J. Brener, MD; Joseph Alpert, MD; Victor Parsonnet, MD 


© Crossover femorofemoral grafts continue to provide satis- 


_ factory long-term patency with low morbidity and mortality in the 


treatment of unilateral atherosclerotic iliac artery occlusion. In 
our series of patients, early failures were primarily a result of the 
inability to provide adequate runoff for the graft, and late failures 
were due to progressive atherosclerotic involvement of runoff 


Clear-cut progression of the atherosclerotic process in the do- 


_ nor iliac artery segment has not been observed in this series. In 


fact, there is evidence that suggests that this process may have 
been retarded when compared with other types of reconstructive 
procedures. 

There is a noticeably late mortality (33%) due to other disease 
processes and associated cardiovascular disorders. These facts 
continue to support the application of crossover femorofemoral 
grafts in the surgical treatment of unilateral atherosclerotic iliac 
artery occlusions. 

(Arch Surg 110:1294-1299, 1975) 


series of 57 patients undergoing crossover femoro- 
femoral grafts were followed up for more than five 
years. The purpose of this study was to evaluate the over- 
all effectiveness of this procedure and to attempt to eval- 
uate the effect, if any, of crossover femorofemoral grafts 
on the donor iliac artery. Nineteen deaths occurred in this 
group of patients before a five-year period of observation 
had terminated, and one death occurred at 66 months. 


There were then 37 living patients available for study. 
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There were eight closures and two successful revisions 
in this group, which left 31 patients available for study 
with patent grafts. 


SUBJECTS AND METHODS 


A series of 57 patients (43 men and 14 women) between the ages 
of 45 and 85 years formed the basis of this study. Among this 
group were 19 patients with diabetes and 49 patients who smoked, 
11 of whom both smoked and had diabetes. All patients in this 
group underwent surgery between five and nine years prior to the 
study. The indications for arteriography and surgery in this series 
were disabling claudication, impending gangrene, frank gan- 
grene, rest pain, or ischemic ulcer. Arteriography was performed 
by one of the three following methods: (1) percutaneous needle 
puncture of the donor femoral artery with retrograde injeetion of 
dye; (2) translumbar aortography; or (3) retrograde aortography 
with Seldinger technique. 

When suspicion of substantial stenosis of the donor iliac artery 
arose, the femoral artery pressures were recorded simultaneously 
with brachial cuff pressures. If femoral artery pressures were 
within 10 to 15 mm Hg of the cuff pressure, crossover grafts were 
performed, regardless of the arteriographic x-ray film. The surgi- 
cal technique employed has been described previously, and the 
current graft of choice is the 8- to 10-mm knitted internal velour 
Dacron graft.' All living patients were studied within six months 
of this report and examined by one of us. 

Indirect noninvasive pressure studies were usually performed. 
In some instances, arteriograms were taken at a variety of inter- 
vals during the postoperative period. 


RESULTS 


The life table method was used to analyze this group of 
patients (Table 1). Cumulative patency for the graft at 
the end of the first year is 92.6%, and from the fourth 
through the eighth year, it is 80.8% (Fig 1). These 57 pa- 
tients were the first to receive crossover femorofemoral 
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Fig 1.—Life table method of crossover femorofemoral grafts. 
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Fig 2.—Crossover femorofemoral graft with stenosis of left pro- 
funda femoris artery developing at 36 months, with associated su- 
perficial occlusion of left femoral artery. 


Fig 3.—Occlusion of crossover femorofemoral graft 60 months af- 
ter original operation and 36 months after profundaplasty. Note Fig 4.—Postoperative x-ray film after repeat crossover femoro- 
widely patent right iliac inflow segment. femoral graft with new profundaplasty. 
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Fig 5.—Occlusion of left-to-right crossover graft at 36 months. 
Note patent left iliac inflow system. 


Fig 7.—Translumbar aortogram in 65-year-old woman, one year 
after right-to-left crossover femorofemoral graft. 


Fig 6.—Aortogram of patient in Fig 5 after repeat left common 
femoral-right profunda femoris crossover graft with profunda- 


plasty. 


Fig 8.—Aortogram of same patient as in Fig 7, six years after origi- 
nal operation. Note widely patent inflow vessels. 
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grafts in a series that now approaches 100 cases. The five- 
year cumulative patency rate for the entire series is some- 
what lower (71%), primarily due to several additional early 
failures that occurred as the case selection was broadened. 

Of the 57 patients who underwent surgery five years 
ago or more, there were 19 deaths. Thirty-eight patients 
are alive. Two of the three deaths followed reoperation for 
graft closure at one and four months, respectively. One 
death occurred four years after graft failure. Runoff ap- 
peared to be the major problem in all of these patients. 
Donor pulses remained strong in all patients. The remain- 
ing 16 patients died between 1 and 66 months following 
surgery with patent grafts. The causes of death among 
these 19 patients were as follows: (1) myocardial infarc- 
tion (12 patients, three of whom died in the postoperative 
period); (2) superior mesenteric occlusion (one patient); (3) 
pancreatic carcinoma (two patients); (4) pulmonary carci- 
noma (one patient); (5) cerebrovascular accident (2 pa- 
tients); and (6) unknown cause (one patient). 

Of the 38 patients living with patent grafts, 26 are 
asymptomatic or have mild symptoms. One patient has se- 
vere claudication and rest pain due to distal disease. Five 
patients underwent major amputations with patent cross- 
over grafts. Three patients had unsuccessful femoro- 
popliteal reconstructions, and two patients had progres- 
sive sepsis in one foot that could not be controlled by local 
amputation. 

There are six living patients whose grafts occluded be- 
tween 15 and 36 months after they underwent the initial 
procedure. One patient required a bilateral aortofemoral 
bypass. It is apparent that his graft closure was a result of 
inadequate inflow from the donor artery. A review of this 
patient’s arteriogram suggests that he was a poor candi- 
date for this operation. At the time he was examined, 
pressure measurements were not taken, and the type of 
operation was chosen on a clinical basis. His bilateral 
agrtofemoral bypass is currently patent. 

Another patient developed symptoms of intermittent 
claudication in the recipient leg. Arteriograms taken 
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Table 1.—Life Table Analysis of Crossover Femorofemoral Grafts* 


No. of Grafts Not 
Observed Throughout 
Period (D) Due to: 
No. of No. of Interval Interval Cumulative SE of 
Grafts Grafts Duration of Failure Patency Patency Patency 
Interval (A) at Risk (B) Failing (C) Deaths Follow-up Rate, % (E) Rate, % (F) Rate, % (G) Rate, % (H) 
Under 30 days 57 2 2 0 3.6 96.4 96.4 2.5 
30 days-1 yr 54 2 5 0 3.9 96.1 92.6 3.5 
1-2 yr 47 1 6 0 2.6 97.4 90.2 4.0 
2-3 yr 40 3 2 0 7.7 92.3 83.3 5.4 
3-4 yr 35 0 1 0 0 100.0 83.3 5.4 
4-5 yr 34 1 1 0 3.0 97.0 80.8 5.7 
| 5-6 yr 32 0 2 15 0 100.0 80.8 5.7 
6-7 yr 15 0 0 10 0 A 80.8 5.7 
7-8 yr 5 0 0 0 0 80.8 5.7 


* Life table method: E = 100 C/(B-D); F=100 — E; G = accumulated products of F; H =G 















while the graft was patent revealed a stenosis of the pro- 
funda femoris artery and a superficial femoral artery oc- 
clusion (Fig 2). After profundaplasty, the graft remained 
patent for 24 months, when it occluded again (Fig 3). Ar- 
teriograms showed that the patient’s donor iliac artery 
was still patent; the patient once again underwent revi- 
sion of the profunda femoris artery with reconstruction of 
another crossover graft. This graft is now patent one year 
after this latest reconstruction (Fig 4). 

A third graft closed in 36 months when the patient was 
admitted to another hospital for pulmonary edema due to 
hypertensive cardiovascular disease and tourniquets 
placed on his extremities (Fig 5). The patient underwent 
another examination. Inflow from the donor artery was 
satisfactory, and a new crossover graft was performed to 
the distal part of the profunda femoris artery after an ex- 
tensive profundaplasty (Fig 6). The graft is now patent 24 
months after the original closure. 

Three other patients underwent graft closures that led 
to major amputations at 7, 30, and 36 months after sur- 
gery. All of these patients have strong femoral pulses on 
their donor side and have no major ischemia of the donor 
leg. Their grafts presumably closed due to technical prob- 
lems at the time of anastomosis or due to the progression 
of distal disease. The closures were not due to progression 
of disease in the proximal part of the iliac artery inflow 
segments. 


Table 2.—Effect of Reconstructive Procedures on the 
Unoccluded Iliac Artery 


Progression 
Rate 
of Disease 


Increased 











Flow 
Decreased 


Procedure 
Bilateral aortofemoral bypass 













Unilateral aortofemoral bypass Unchanged Unchanged 
Unilateral iliac artery 

endarterectomy Unchanged Unchanged 
Crossover femorofemoral grafts Increased Delayed 
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_ There has been definite evidence of progressive disease 

in the donor and recipient femoropopliteal segments in 

ten of the 31 patients, as was evidenced by a decrease or 
_ loss of peripheral pulses. 


COMMENT 


Crossover femorofemoral grafts were initially reserved 
for poor-risk patients.* Because of continued and some- 


= what surprisingly good results, we gradually broadened 


our indications to include all patients with atherosclerotic 


unilateral iliac artery occlusion, regardless of the risk 


status.’ Obviously, it is very difficult to answer the ques- 


tion as to whether or not the crossover femorofemoral 


grafts themselves have had any effect on the natural his- 
tory of the progression of the atherosclerotic process in 


_ the donor iliac artery segment. When we have had an op- 

portunity to follow up younger patients with a better risk 
- for longer periods of time, we may be able to make more 
_ observations and conclusions than we presently can. How- 


ever, we can make several observations from this study. 


_ There is substantial evidence for distal progression with- 


out progressive proximal inflow disease in patients with 


patent grafts. Five patients required major amputations 
with or without distal reconstruction, and crossover 


femorofemoral grafts still remain patent. Four patients 


also had a demonstrable loss of distal pulses with patent 


grafts. Only one patient in this group required revision by 


bilateral aortofemoral bypass, and his original operation 


was not the proper one. We also have suggestive evidence 


for distal progression as the cause of late graft occlusions. 


Two patients underwent reconstruction by repeat cross- 
over femorofemoral grafts with successful improvement 
of runoff. One patient with inflow occlusion at the proxi- 


mal anastomosis underwent revision, and the pathologic 


findings revealed a nonatherosclerotic lesion of the proxi- 


mal anastomosis. This patient experienced reocclusion 


four months later and eventually lost her left leg above 


the knee. However, the right femoral pulse is still strong, 


which indicates that the inflow segment was probably not 


_ the reason for her obstruction. Two other patients who re- 


quired major amputation after closures of their grafts 


_have good femoral pulses. Their donor limbs are asympto- 


matic. 

It would seem that if progressive inflow disease were a 
cause of graft failure, even in a small series followed up 
for five to nine years, we should have been able to observe 
this. Levinson and co-workers‘ reported 61 cases of unilat- 
eral aortofemoral bypass, and surgery was required in 


= four patients for occlusion of the contralateral iliac artery. 
This group was not followed up as long as our group. Ac- 


= cording to a letter from T. Inahara, MD, in May 1975, uni- 


lateral iliac artery endarterectomy was performed in 15 


_ instances, and contralateral iliac artery repair was neces- 


sary in one patient. Although he has not reevaluated his 


series, J. Mannick, MD, notes (written communication, 


May 1975) that three patients from his group may have 
had closed grafts due to inflow occlusion. We can only 
speculate as to whether or not these patients were prop- 


= erly selected and whether pressure determinations were 
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used to ensure that an unimpeded flow of the donor iliac 
artery was present to provide flow through the grafts as 
well as through the donor limb. 

If we examine the effects of the reconstructive proce- 
dures on the contralateral or unoccluded iliac artery 
(Table 2) a bilateral aortofemoral bypass will result in a 
decrease in flow through the partially open or unoccluded 
iliac artery. In the absence of any disease, this competi- 
tive flow will result in a compensatory decrease in size of 
the iliac artery that is reversible, as shown by Ernst.’ Uni- 
lateral aortofemoral bypass or unilateral iliac endarterec- 
tomy probably have no effect on the natural history of the 
progression of the disease, since flow relationships of the 
uninvolved iliac artery are not changed by the procedure. 
We do know that crossover femorofemoral grafts can in- 
crease flow in the inflow segments as much as two times 
the normal rate when they are performed in properly se- 
lected cases with satisfactory runoff. 

The effects of this change of flow on these vessels are 
shown in Table 2. In a bilateral aortofemoral bypass with 
competitive flow on one side, occlusion can develop at a 
more rapid rate than one would normally expect. This be- 
havior has been observed in patients who have undergone 
bypass in a variety of locations, including the femoro- 
popliteal segments, where the vessels were still open and 
a competitive flow existed. The presence of atherosclerotic 
plaques and multiple areas of stenoses presumably has- 
tens early occlusion when the vessel flow decreases in the 
presence of the functioning graft. In unilateral recon- 
structive procedures, progression occurs in its biologically 
predetermined way. Our studies with crossover femoro- 
femoral grafts indicate that the increased flow may 
actually prevent or retard the progression of the atherosele- 
rotic process by maintaining a vessel of good caliber be- 
cause of the large flow rate. Arteriograms of patients who 
underwent successful reconstruction after closures sug- 
gest that there was no change in the size of the inflow seg- 
ment, and the clinical evidence points to this as well. Arte- 
riograms taken of a 65-year-old woman one (Fig 7) and six 
years (Fig 8) after the original procedure showed no signs 
of progressive disease in the donor iliac segment. A fol- 
low-up arteriogram of a patient whose procedure was per- 
formed five years prior to the reconstruction revealed no 
evidence of progressive disease in the inflow iliac seg- 
ment. Obviously, a greater number of follow-up. arterio- 
grams are needed, but these are very difficult to obtain. It 
is a well-known observation that in patients with arterio- 
venous fistulas, the increased flows in the arterial side will 
cause dilation of arteries proximal to the site of the fis- 
tula. It may be possible that when a crossover graft is per- 
formed and results in increased flows in the donor seg- 
ment, there is protection against a progressive decrease in 
size and the laying down of further atheromatous plaques. 
It is obvious that this question cannot be answered by our 
data. The overall long-term results with crossover femoro- 
femoral grafts having cumulative patency rates of 80.6% 
at five through nine years are certainly comparable to the 
results with alternative reconstructive bypass procedures. 
Figures are not comparable because the patients with 
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_ early failures in this series were a poor-risk group as com- 
pared with the patients who had the obviously better risk 


required to withstand bilateral aortofemoral bypasses. 
There have been numerous studies in the literature that 
show patency rates of 70% to 90% at five years with mor- 


talities of 3% to 10% in bilateral aortofemoral grafts.’ 


These rates do not differ appreciably from those in our 
data. The limiting factor in long-term patency for aorto- 
femoral bypass procedures and crossover femorofemoral 


_ grafts is not so much the inflow problem, but rather what 


happens to the outflow tract due to progressive disease. 
Many of our patients have had superficial femoral artery 
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occlusions, and when the profunda femoris vessel devel- i i i 
ops progressive stenosis, the reconstructive procedures will — 


fail. 
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Failure of aortofemoral bypasses almost always occurs — a 
in a unilateral fashion, not as a result of inflow problems — 


but as a result of outflow problems. Successful revisions 
are frequently possible without having to reconstruct the 
entire graft. 


Richard Brief, MBA, PhD, and Myles Adelman, MS, assisted in the sta- 
tistical preparation of this article. 
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Discussion 


Juurus H. Jacosgson II, MD, New York: I would like to present 
an alternate procedure to femorofemoral bypass, namely, external 


iliac to iliac bypass. We agree that the femorofemoral bypass is an 
-excellent procedure. It does have a disadvantage when you want 


to do a femoropopliteal bypass at some subsequent time, because 
it is hellish to perform due to the previous surgery. 

In one case, an iliac-iliac bypass at first glance appeared to be a 
femorofemoral bypass. In the iliac-iliac bypass, the difference is 
that the surgeon goes up approximately 3 cm higher to a some- 


what smaller but typical incision for inguinal hernia. Once the ex- 


ternal oblique muscle is divided, you are right down on the exter- 
nal iliac artery. The incision is made on both sides and the graft is 
brought across retroperitoneally with the superior portion of the 
pubis serving as a guide for the tunnel. The final procedure accom- 
plishes the same goal as the femorofemoral bypass with the ad- 
vantage of leaving the femoral artery pristine for future surgery 
in the absence of a subcutaneously placed graft. 

FRED R. PLECHA, MD, Cleveland: Our own experience with more 
than 50 femorofemoral grafts in the past 46 months has been as 
favorable as the results of this study. However, we do have one 
patient who did demonstrate progressive disease of the donor iliac 
artery. 

A 58-year-old man had had two previous myocardial infarctions 
and severe claudication in the right leg. He had severe disease in 
the right iliac system, but good left iliac arteries two years ago. 
The femorofemoral graft did return pulses to the right foot. The 


Patient then returned two years later with increasing bilateral 
claudication and decreased Doppler pressures, along with progres- 


sive disease at the donor proximal common iliac artery. We re- 


= vised this by simply bringing a graft from the aorta to the 
. external iliac artery and by staying away from the previous 
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femorofemoral graft. It was revascularized, and his Doppler 
pressures returned to normal. The patient is asymptomatic. 
Dr. Brier: I have one objection to Dr Jacobson’s procedure, 


namely, that when one performs an external iliac crossover graft, _ 


there is no exposure of the orifice of the profunda femoris vessel. 
In well over 50% of our cases, the superficial femoral artery was 
occluded on the recipient side and we had to perform endarterec- 


+b 


tomy on the profunda femoris, as one does with an aortofemoral 


bypass graft in order to assure adequate runoff. 
I am afraid long-term patency with this procedure would not be 
satisfactory for that reason. 


I can only ask Dr Plecha whether or not femoral artery pres- — 


sures were taken at the time the arteriograms were taken. It is 


obvious that there was some progression of disease in your pa- 


tient. I wonder if that side was a satisfactory one for performing — 


the procedure in the first place. 
One can be fooled if pressures are not taken. A patient studied 


in our vascular laboratory appeared clinically to be a perfectly 


satisfactory case for crossover graft at the time of arteriography. 


He had a good right femoral pulse and an obvious iliac occlusion 


on the left. We did not anticipate any trouble. 

Noninvasive laboratory tests suggested that there was a de- 
crease in right thigh pressure, and at the time of arteriography, 
our pressure (with what appears to be a fairly good inflow seg- 
ment) showed an aortic pressure of 150 mm Hg and a femoral 
artery pressure of 100 mm Hg. 

This patient required a bilateral aortofemoral bypass. Judging 
on the basis of the arteriograms and clinical picture, one would 


have gone ahead with the crossover graft. It would not have been ~ 
possible to increase flow satisfactorily through the diseased iliac — 


segment, and it would also have been the wrong procedure. 
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The Natural History of Bilateral 
Aortofemoral Bypass Grafts for 


Ischemia of the Lower Extremities 


James M. Malone, MD; Wesley S. Moore, MD; Jerry Goldstone, MD 


® Analysis of the immediate and long-term results in 180 pa- 
tients undergoing bilateral aortofemoral bypass grafts for occlu- 
sive disease of the lower extremities showed the immediate graft 
limb patency in 360 graft limbs to be 99.2%. The cumulative ten- 
year graft limb patency was 66%. Factors associated with throm- 
bosis of the graft limb revealed correlations for localized athero- 
sclerotic disease of either the profunda femoris artery or the 
tibial trifurcation vessels. The highest correlation for graft limb 
thrombosis was with simultaneous lesions involving both the 
profunda femoris artery and tibial trifurcation vessels. The acute 
lower extremity salvage rate was 94%, and the ten-year cumula- 
tive extremity salvage for legs at risk of amputation was 85%. 
Postoperative symptoms correlated well with patency. Overall 
operative mortality was five patients out of 180 (2.5%). 

(Arch Surg 110:1300-1306, 1975) 


Sine the report of Voorhees and colleagues! that 
described the first clinical use of porous prosthetic 
vascular grafts, our understanding and management of 
arterial occlusive disease of the lower extremity has 
greatly improved. Expanded knowledge of the behavior of 
atherosclerotic vascular disease, improved surgical tech- 
niques, better preoperative and postoperative care, and 
advances in prosthetic graft design have all resulted in 
lower operative morbidity and mortality, as well as in an 
improvement in extremity salvage and graft patency. 
However, it is often difficult to draw meaningful compari- 
sons between reported series in the literature because of 
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different criteria for patient selection, perioperative man- 
agement, and variable methods of statistical analysis. 
Since May 1959, the most common method of reconstruc- 
tion employed at our institution for advanced aortoiliac 
occlusive disease has been a bypass bifureation graft from 
the aorta to the common femoral arteries. This report ana- 
lyzes a 15-year experience with this operation. We utilize 
life table methods to assess the symptomatic and ana- 
tomic results of the operation as a function of time, to 
identify factors responsible for late graft thrombosis, and 
to determine what influence there has been on the early 
and late mortality and morbidity as a result of evolving 
concepts in preoperative, intraoperative, and postopera- 
tive management. 


SUBJECTS AND METHODS 


We reviewed the records of 277 patients at the San Francisco 
Veterans Administration Hospital who had undergone reconstruc- 
tive operations on the aortoiliac system between May 1959 and 
November 1974. During this period, 180 patients underwent bilat- 
eral aortofemoral bypass grafting with 360 femoral anastomoses. 
The data from this subgroup of patients constitute the basis of 
this report. Patient follow-up has ranged from six months to 12 
years (mean follow-up, three years). All patients were seen in the 
Vascular Surgery Clinic between three and six months after sur- 
gery. Ninety-five percent of the living patients were reexamined 
by one of the authors (J.M.M.) prior to preparation of this report. 
Twenty-four patients were lost to follow-up; however, data from 
this group of patients were available up to the time of the last 
clinic visit. These data were collected between one and five years ° 
after the original operation. 

All patients in this study were men, and 100% were smokers 
with a smoking history of more than 20 pack years. The mean age 
was 52.4 years (ages ranged from 34 to 79 years). All operations 
were performed by the resident staff under the supervision of the 
attending and full time staff. Fifty-three patients (30%) had ®n- 
dergone operations for ischemia of the lower extremity at other 
hospitals prior to the current operation that is being analyzed. 
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Prophylactic antibiotics were used in all operations. Procaine pen- 
iciJlin was administered only on a postoperative basis from May 
1959 to June 1966. However, from July 1966 through November 
1974, penicillin given in aqueous injections intravenously and then 
cephalosporins (1967 to 1974) were administered 24 hours before 
surgery. They were also given during surgery and between the 
first five and seven days after surgery. 


Operative Indications 


Intermittent claudication was the most common initial com- 
plaint of these patients and the indication for surgery. This symp- 
tom was present in 107 patients (60%). Fifty-one patients (28%) 
had rest pain as primary indication for surgery. Eighteen patients 
(10%) had ulceration or gangrene combined with rest pain, and 
four patients (2%) had ulceration or gangrene without associated 
rest pain. 


Angiography 


From 1959 until 1971, all patients underwent translumbar aor- 
tography for visualization of the arterial tree. The placement of 
the needles was equally distributed between the suprarenal and 
infrarenal position. When suprarenal translumbar aortograms 
were obtained, concomitant bilateral percutaneous femoral arte- 
riograms were required so as to provide adequate information re- 
garding the details of popliteal trifurcation outflow. Since 1971, 
most patients have had arteriographic visualization performed by 
percutaneous retrograde femoroarterial catheterization, utilizing 
the Seldinger technique. The arteriographic findings are summa- 
rized in Table 1. 


Associated Disease 


Of the 180 patients in this series, 70 (89%) had hypertension, de- 
fined as a blood pressure greater than 150/90 mm Hg. One-hun- 
dred five patients (58%) had evidence of atherosclerotic coronary 
artery disease as manifested by prior myocardial infarction (32%), 
angina pectoris (12%), or an abnormal electrocardiogram (14%). 

Fifty-eight patients (82%) had associated cerebrovascular dis- 
ease as manifested by a prior stroke (7%), active transient is- 
chemic attacks (4%), or the presence of bruits over the carotid bi- 
fureation without cerebral symptoms (8%). Twenty-three patients 
(18%) had previously undergone carotid thromboendarterectomy 
or underwent prophylactic carotid thromboendarterectomy prior 
to aortic surgery. Diabetes mellitus was present in 19 patients 
(11%). 


Operative Technique 


The operation consists of placing a 19-mm knitted Dacron bifur- 
cation graft from the infrarenal abdominal aorta to both femoral 
arteries. All anastomoses were formed in an end-to-side manner 
with an appropriate 45° bevel of the proximal graft as well as 
both distal graft limbs. 

The abdominal aorta is approached through a long midline ab- 
dominal incision. The infrarenal abdominal aorta is mobilized in 
the area of the inferior mesenteric artery. If there is extensive 
disease in the terminal portion of the aorta, the mobilization is 
*carried up to the segment of aorta immediately below the renal 
arteries. Proximal control is obtained with a vertically positioned 
Crafoord clamp. Distal control is achieved with a tangentially 
positioned Crafoord clamp so as to control both aortic back bleed- 
ing as well as bleeding from the lumbar arteries. A longitudinal 
aortotomy is performed, and the anastomosis is constructed using 
3-0*braided Dacron suture. If there are no associated stenotic le- 
sions of the superficial femoral or profunda femoris arteries, the 
distal anastomoses are confined to the common femoral arteries. 
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If stenotic lesions are present in either of these arteries, the arte- 
riotomy is then continued through the stenotic segment so as to 
split open the orifice of the appropriate runoff vessel and thus al- 
low the bevel of the graft to serve as a patch angioplasty. After 
the femoral arteriotomy is completed, polyethylene catheters are 
placed into one or both of the runoff branches and are held in place 
with circumferential umbilical tapes. The polyethylene catheter 
serves as an atraumatic method of controlling back bleeding. It 
also provides a vehicle through which heparinized saline solution 
can be intermittently instilled. 

The distal portion of the femoral arteriotomy was extended 
onto the superficial femoral artery in 107 out of 360 arteries (30%), 
and through stenotic lesions on the profunda femoris artery in 25 
out of 360 arteries (7%). The remaining 228 anastomoses (63%) 
were made to the common femoral artery alone. Twenty-one fem- 
oral anastomoses (6%) were performed with 4-0 silk suture during 
the early part of our experience, and the remaining 339 anasto- 
moses were performed with braided Dacron suture. The inflow 
and outflow branches of the femoral artery were flushed prior to 
completion of the anastomosis, with care being taken to avoid 
back bleeding into the graft itself. The nature of additional angio- 
plastic procedures, which were carried out at the time of bilateral 
aortofemoral bypass grafting, are summarized in Table 2. 

Simultaneous unilateral or bilateral sympathectomy was per- 
formed in 77 of 180 patients with concomitant superficial femoral 
artery occlusion or tibial trifurcation occlusive disease. 

The majority of the patients (particularly those requiring ex- 
tensive angioplastic reconstructions involving the distal anasto- 
moses) underwent intraoperative femoral arteriograms to ascer- 
tain the technical result of surgery prior to closure of the 
incisions. 


Methods of Data Analysis 


The clinical information was obtained both by retrospective 
analysis of the patient’s medical record and by physical reexam- 
ination between August and November 1974. Data were recorded 
on index cards and hand-sorted. All calculations were determined 
with a programmable electronic calculator. 

A life table format similar to that described by others*® was 
used to calculate cumulative graft limb patency, maintenance of 
postoperative symptomatic status, and cumulative salvage rates 
of the lower extremities. This format is slightly modified from 
original descriptions’ in that life table methods are applied to the 
derivative of patency rates (morbidity) rather than mortality. 

Since cumulative life table analysis lends itself most readily to 
statistical examination based on 2X2 contingency tables, chi 
square was corrected for continuity and used for all statistical 
correlations.’ 

In order to allow accurate evaluation of patients with unilateral 
graft limb thrombosis, the data were tabulated on the basis of 
graft limbs rather than patients, unless specifically stated other- 


wise. 

Patency is defined as that interval during which a graft limb is 
nonthrombosed from the date of initial bilateral aortofemoral by- 
pass grafting until the patient dies or is lost to follow-up, or until 
graft limb thrombosis occurs. 

RESULTS 


Five out of 180 patients died within 30 days of oper- 
ation, indicating a mortality of 2.5%. The causes of these 
deaths were as follows: (1) myocardial infarction (two pa- 
tients [1%]); (2) pneumonia (one patient [0.5%]); (3) bowel 
infarction (one patient [0.5%]); and (4) aortic disruption 
(one patient [0.5%]). If the entire series is subdivided into 
two groups of before July 1966 and after July 1966 (these 
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Table 1.—Arteriographic Distribution of Lesions 


No. of 
Anatomic Arteriographic Disease Limbs 


Aortoiliac occlusion 54 
Acrtoiliac stenosis 249 


Common femoral occlusion . 19 5 
Common femoral stenosis 47 13 


Superficial femoral occlusion 37 


Superficial femoral stenosis 56 16 
Solitary profunda femoris occlusion 4 1 
Solitary profunda femoris stenosis 62 17 


Solitary tibial trifurcation disease 39 


Tandem lesions 
(Combined profunda femoris 
and tibial trifurcation disease 
in same limb) 





Table 2.—Associated Operations at the 
Time of Bilateral Aortofemoral Bypass Grafting 


Associated Operation No. of Limbs 
Profunda femoris Dacron patch 


angioplasty 


Profunda femoris endarterectomy 
Superficial femoral angioplasty 


Common femoral angioplasty or 
endarterectomy 


Distal thrombectomy 





times correspond to changes in perioperative manage- 
ment), statistical differences are noted in the mortality 
rate. In the before July 1966 group, four out of 39 patients 


_ died (mortality, 10%). After July 1966, there was only one 


death out of 141 operations, resulting in a mortality of less 
than 1%. 

Early postoperative morbidity among the 180 patients 
was due to the following causes: (1) wound infection 
(seven patients [4%]); (2) wound dehiscence (two patients 
[1%]); (8) myocardial infarction (five patients [3%]); (4) 
pneumonia (two patients [1%]); (5) renal failure (two pa- 
tients [1%]); and (6) pulmonary embolus (two patients 
[1%]). Since postoperative myocardial infarction was the 
most noticeable cause of both morbidity and mortality, an 
analysis was made of the incidence of associated risk fac- 
tors and subsequent myocardial infarction. It is notewor- 
thy that the only risk factor that showed a statistical 
correlation with incidence of postoperative myocardial in- 
farction was the presence of preoperative hypertension. 
The incidence of myocardial infarction in patients with 
preoperative hypertension was 8.5%, as compared with 
0.9% for the normotensive population. 

Late postoperative morbidity in the 360 limbs included 
thrombosis in 44 limbs (12%) and six noninfected false an- 
eurysms (2%). There were nine graft infections in the 
series (5% of the patients). If the incidence of graft infec- 
tion is examined in the before and after July 1966 groups, 
one finds a 15% incidence prior to 1966 and a 2% incidence 
after July 1966. 

In view of the preoperative screening and prophylactic 
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operations for extracranial cerebrovascular insufficiency, 
it should be noted that no patient in this series experi- 
enced a postoperative stroke. 

The immediate results after surgery are summarized 
in Table 3. Ninety-one percent of the patients could be 
classified as either asymptomatic or improved. The main- 
tenance of postoperative symptom status as a function of 
time was calculated using life table methods. Ninety-five 
percent of the patients in the asymptomatic category and 
35% of those in the improved category maintained the ini- 
tial postoperative functional status at ten years. 

Impending limb loss of 70 extremities in 60 patients 
constituted a primary indication for surgery. Amputation 
was initially prevented by revascularization in 66 out of 70 
limbs with an immediate 94.3% salvage rate of the ex- 
tremities. The cumulative salvage rate at the end of ten 
years was 85% (Fig 1). 

Immediate graft limb patency was 357 out of 360 
(99.2%). The interval thrombosis rate was variable but 
tended to increase progressively with the length of follow- 
up, and averaged 4% per year. The total number of graft 
limb thromboses was 44. Twenty of these 44 thromboses 
(45%) occurred within the first year after the operation. 
By the fifth year after surgery, 37 out of 44 (85%) of the 
occlusions had occurred. Seven of the 44 thromboses pro- 
gressed to extremity amputation, but all seven patients 
originally underwent surgery for extremity salvage. The 
remaining 37 thromboses occurred in patients who ini- 
tially had claudication. The cumulative graft limb patency 
rate at the end of ten years was 66% (Fig 2). Twenty- 
seven of the 44 thrombosed graft limbs (61%) occurred on 
the right side. 

If graft limbs are divided into three groups that corre- 
spond to the immediate postoperative result (asympto- 
matic, improved, or no change), a separate cumulative pa- 
tency curve can be calculated for each group. These curves 
are represented in Fig 3 and, for purposes of comparison, 
the cumulative symptomatic maintenance curve for each 
group is represented on the same graph. It is of interest 
that the configuration of the symptomatic maintenance 
curve was almost identical with the cumulative patency 
curve for each group. However, there was a marked dif- 
ference between the cumulative patency in patients who 
were asymptomatic after surgery and those who were in 
the improved category. There is no detectable difference 
between the improved and no change categories. 

An attempt was made to identify any factors that 
might characterize patients with a predisposition to graft 
limb thrombosis from those who had continuous graft 
limb patency. A correlative analysis of all factors that 


might differentiate the two groups revealed that the pres- , 


ence of arterial occlusive disease distal to the site of fem- 
oral anastomosis was associated with an increased rate in 
graft thrombosis. Distal arterial occlusive disease was 
specifically identified as lesions of the profunda femoris 
artery, the popliteal trifurcation, or combinations of the 
two. There was a 27% thrombosis rate in graft limbs (82 
out of 119) with distal arterial occlusive disease in contrast 
to a 5% thrombosis rate in graft limbs (12 out of 241) when 
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Fig 1.—Cumulative curve for salvage of extremities obtained by 
life table analysis. 


Fig 3.—Immediate postoperative results. Note superimposition of 
respective symptomatic maintenance or cumulative curves for 
patency of graft limb for each subgroup. Configuration of both 
curves in each subgroup is identical. 
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Fig 2.—Cumulative curve for patency of graft limb. 


Fig 4.—Presence or absence of occlusive disease distal to fem- 
oral anastomosis. Note very poor patency rates for patients with 
tandem lesions. 
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there was no distal arterial occlusive disease of the appro- 
priate extremity. The difference between these two groups 
is significant (P=.001). An analysis of the 32 graft limbs 
that thrombosed in association with distal disease re- 
vealed that nine were associated with solitary tibial tri- 
furcation disease, 15 had solitary profunda femoris dis- 
gase, and eight had combined or tandem lesions of both 
the profunda femoris artery and tibial trifurcation ves- 
sels. A chi square analysis, corrected for continuity, re- 
vealed that there is a slightly higher rate of thrombosis in 
the patients with occlusive disease of the profunda fe- 
moris artery as compared with the rate of those patients 
with occlusive disease of the popliteal trifurcation vessels. 
_ However, the most noticeable factor associated with graft 
limb thrombosis was found to be tandem lesions that in- 
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volved both the profunda femoris artery and trifurcation 
vessels. The significance of this observation is emphasized 
by the finding that all graft limbs with tandem lesions 
had thrombosed by the fifth year, whereas only 36 of 345 
limbs without tandem lesions (10%) (including localized 
disease of the profunda femoris artery or tibial tri- 
furcation vessels) ultimately thrombosed (P=.001). The 
number of graft limbs with either localized occlusive dis- 
ease of the profunda femoris artery, the trifurcation ves- 
sels, or tandem lesions is too small to allow correlation of 
cumulative patency curves. However, if the respective 
five-year cumulative patency rates for localized disease of 
the profunda femoris artery or trifurcation vessels is com- 
pared to that for tandem lesions, the differences are sta- 
tistically significant at P=.05 (Fig 4). 
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Fig 5.—Patients with solitary profunda femoris occlusive disease 
and type of angioplasty. Note prolonged patency in subgroup 


= with Dacron angioplasty. 


Table 3.—Classification of Limbs Based on Immediate 
Postoperative Symptoms* 








Classification No. of Limbs ee 
Asymptomatic 130 38 


Improved 180 53 
No change from preoperative status 32 9 
Total 342 100 











* Eighteen limbs were categorized as not having enough informa- 
tion to classify and/or follow up accurately; total limbs therefore 
equals 360. 


Diabetes mellitus was associated with an increased in- 
cidence of localized profunda femoris occlusive disease. 
Thirty-seven percent of profunda femoris arteries (14 out 
of 38) in patients with diabetes had occlusive disease in 
contrast to only 52 out of 322 arteries (16%) in patients 
without diabetes (P=.005). However, diabetes mellitus 
was not associated with a noticeable increase in either lo- 
ealized trifureation occlusive disease or tandem lesions. 

The rate of occurrence of distal occlusive disease corre- 
lated significantly with hypertension. Fifty percent of the 
patients with distal disease had hypertension, in contrast 
to a 30% incidence of hypertension in those patients with- 
out distal arterial occlusive disease (P=.01). 

The effect of profunda angioplasty can be determined 
by comparing the long-term patency results of those ex- 
tremities with solitary profunda femoris occlusive disease 
that underwent some type of Dacron angioplasty at the 
time of initial operation with those that had no similar 
angioplastic repair. Figure 5 demonstrates a greatly im- 
proved cumulative patency rate in the 25 extremities un- 
dergoing prophylactic profunda angioplasty in contrast to 
the 41 extremities in which no angioplasty was performed. 
However, the numbers of graft limbs in each subgroup are 
too small to allow accurate statistical analysis. It is rele- 
vant that 40 of the 66 profunda femoris lesions that were 
found at operation (61%) were missed at the time of pre- 
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operative arteriography. Obtaining oblique angiographic 
views of the common femoral bifurcation resulted in miss- 
ing less of these lesions. 


COMMENT 


Our cumulative ten-year graft patency (66%) is compa- 
rable to those reported in other series.*"'? Our cumulative 
ten-year lower extremity salvage rate (85%) in patients 
who underwent surgery due to a threat of limb loss com- 
pares favorably to rates in other series.” 

The curves for cumulative graft patency and main- 
tenance of postoperative symptom status can be virtually 
superimposed for each group based on immediate postop- 
erative result. This correlation has two implications. First, 
the immediate postoperative result is a reliable predictor 
of subsequent graft limb patency. Second, maintaining 
postoperative symptomatic improvement is a continued 
function of graft patency. 

Although improved prosthetic design, gradually improv- 
ing surgical techniques, and changes in perioperative pa- 
tient management may have contributed to the striking 
differences in the rate of graft infection before and after 
July 1966, we believe that the major factor responsible for 
the decreased incidence is the more appropriate use of 
prophylactic antibiotics. Our overall incidence of graft in- 
fections is 15% and is similar to the incidence reported in 
other series.'*-*! The low incidence of graft infection (1.9%) 
achieved by Szilagyi et al** without the benefit of prophy- 
lactic antibiotics is exceptional in that regard. Our overall 
experience with prosthetic graft infections has been dis- 
cussed extensively in a previous publication.” Using cur- 
rent methods of antibiotic management, our infection. 
rate has dropped to 2%. 

The differences in postoperative mortality are only min- 
imally attributable to changes in the use of prophylactic 
antibiotics. Gradually evolving changes in perioperative 
management, most notably anesthetic and postoperative 
respiratory care as well as changes in cardiopulmonary 
support and fluid management, have obviously contrib- 
uted greatly to increased survival and decreased morbid- 
iver 

One of the most important factors related to long-term 
patency, regardless of the anatomic location of the graft, 
is adequate distal outflow. The importance of occlusive 
disease of the femoral bifurcation or the tibial trifurca- 
tion vessels or both with respect to graft limb patency has 
been reported by others.'*"*:"* However, the relative im- 
portance of localized profunda femoris artery or tibial tri- 
furcation disease or both remains unclear. Localized occlu- 
sive disease of the profunda femoris artery has been 
shown to be a slightly more noticeable factor than similar 
disease of the tibial trifurcation vessels with respect to 
graft limb thrombosis. The importance of the profunda fe- 
moris artery as an important collateral to the lower ex- 
tremity has been well described.'"***' Localized oeclusive 
disease of both the profunda femoris artery and tibial tri- 
furcation vessels was shown to have a statistical correła- 
tion with respect to subsequent graft limb thrombosis. 
Tandem lesions were associated with both the highest rate 
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of graft limb thrombosis and the highest statistical corre- 
lation of all factors affecting graft thrombosis rate. All 
graft limbs with tandem lesions had thrombosed within 
five years of surgery. 

The importance of the fact that 61% of the grafts with 
thromboses were on the right side is unknown. However, 
this finding contrasts with a recent report by Najafi et 
al,2? in which an increased occurrence of thromboses of 
graft limbs on the left was noted and attributed to tun- 
neling difficulty under the sigmoid mesocolon or increased 
graft limb torsion on the left side or both. A larger series 
would almost certainly demonstrate an equal thrombosis 
rate on both the right and left sides. 

Adequate visualization of the profunda femoris artery 
and tibial trifureation vessels is mandatory from a prog- 
nostic standpoint for long-term graft limb patency. Be- 
cause 61% of the profunda femoris artery lesions were 
missed using standard anteroposterior projection angiog- 
raphy, oblique views of the common femoral bifurcation 
should be obtained. 

Our data indicate that even when stenosis does not ap- 
pear to be substantial at surgery all profunda femoris ar- 
tery lesions should be reconstructed at the time of oper- 
ation. 

The high incidence of associated atherosclerotic vascu- 
lar disease including the cerebral, coronary, and renal ves- 
sels is well known.*? As noted in our series, it is also re- 
ported that postoperative myocardial infarction is a 
primary cause of both postoperative morbidity and mor- 
tality in major abdominal vascular surgery. A significant 
difference (P=.05) in the postoperative myocardial infarc- 
tion rate between normotensive and hypertensive pa- 
tients, independent of preexisting heart disease has been 
found, which may have therapeutic implications. There 
was also a statistically significant increase in the inci- 
dence of hypertension in those patients with occlusive dis- 
ease distal to the femoral anastomosis as compared with 
patients who had “normal” vessels. It would appear that 
hypertensive vascular disease may play an important role 
in the cause of bifurcation plaquing and/or medium-to- 
small vessel atherosclerotic occlusive disease. 

As was previously noted, the present series included six 
false aneurysms (2%) that were not associated with in- 
fected grafts. Four cases appeared early in the series and 
were anastomoses in which silk suture had been used. 
False aneurysm formation in anastomoses constructed 
with silk suture is a well-recognized complication.**** Two 
cases were anastomoses in which braided Dacron had been 
used. However, retrospective review of the operative 
notes in these two cases indicates that the suture material 
was probably damaged during construction of the femoral 
anastomoses. If 4-0 braided Dacron is viewed under an op- 
erating microscope of X10 repeated mechanical handling 
of the suture, even with atraumatic vascular forceps, re- 
sults in fraying of some of the Dacron braids. 

Correlative analysis was used to evaluate the following 
factors: (1) the occurrence of occlusive disease of the aorta, 
iliac, femoral, and tibial trifurcation vessels; (2) the rate 
of graft limb thrombosis; (8) operative morbidity and mor- 
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tality with respect to symptom complexes; and (4) changes 
in perioperative management, preoperative physical find- 
ings, coexistent atherosclerotic vascular disease, associ- 
ated metabolic and systemic diseases, and arteriographic 
findings. However, no statistically significant relation- 
ships were found other than those correlations already 
discussed. 


This study was supported in part by US Public Health Service grant HL 
16682-01. 
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Discussion 


Francis Rosiscek, MD, Charlotte, NC: One hundred percent of 
the patients who required an aortoiliac or aortofemoral graft were 
smokers, which means that if they quit smoking, this Society 
would not be in session today. In a comparable study of 187 pa- 
tients in our service who underwent these surgical procedures, we 
found 95% smokers and 5% liars. 

We aimed our studies at the role of continuous cigarette smok- 
ing in the postoperative graft patency. We found that patients 
who stopped smoking after surgery had a graft failure of only 
10%. The patients who continued to smoke more than one pack had 
a failure rate of approximately 24%, and the patients who contin- 
ued to smoke more than two packs had a rate of approximately 
86%. Investigating the patency rate by month, we found that the 
group that smoked more than two packs had a patency rate of 


4 p a only 182 months, and the group that quit smoking after surgery 


_ had a patency rate of approximately 480 months. 


D. EMERICK SZILAGYI, MD, Detroit: Reading this article was both 
an instructive and a gratifying experience; instructive because 
the authors analyzed their clinical material with painstaking care 
and sophisticated statistical methods, and gratifying because 
their statistical conclusions, with few exceptions, agree with the 
findings that my associates and I have published repeatedly in the 
past. 

_ As for methodology, one might ask whether complex statistical 
metheds are indeed necessary to demonstrate the predisposition 


s > _ of patients with multiple occlusive lesions for later deterioration 





of the clinical results. Of course, one cannot deny that the statisti- 
cal confirmation of this well-known clinical observation with its 
long historic past is reassuring and welcome. One might also em- 


‘phasize that the expression of operative success rate and the 


permanence of operative success must primarily be in terms of 
patency rather than symptoms. In a progressive and diffuse path- 
ologic process such as atherosclerosis, the patency of the recon- 
structive operation is the only factor affecting success that the 
surgeon can control. Symptomatic relief and functional improve- 
ment are, of course, the ultimate goal, and they are of extreme im- 
portance, but their persistence in the later postoperative period is 
dependent on circumstances over which the surgeon has no control 
(primarily on the progression of the atherosclerotic process itself). 

These are, however, minor cavils. Generally, this is a valuable 


study that was done with care and skill. It may well serve as one 
= Of the available models for the investigation of the late results of 
_ reconstructive vascular operations in other anatomical areas. 


Donap E. STRANDNESS, MD, Seattle: The data of this study are 
particularly impressive in regard to the immediate success rate of 


99% and the low operative mortality. From the patient’s standpoint, 


the two major factors involved are limb salvage and the re- 
lief of those symptoms for which the operation was performed. 

It appears limb salvage in this series was excellent, being main- 
tained for up to ten years. With regard to symptomatic relief, 
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there would appear to be some room for concern. According to the 
figures, approximately 10% of these patients were unchanged 
from their preoperative status. To me, this implies either that the 
graft failed or that the disease distal to the reconstruction was 
sufficiently severe to prevent improvement, even with the place- 
ment of the aortofemoral graft. 

Also, 58% of the patients were classified as improved, but not 
asymptomatic. I presume that these were patients with tandem 
lesions in whom only the proximal disease was corrected. Did any 
patients in this group undergo further reconstructive surgery dis- 
tal to the inguinal ligament in an attempt to further improve their 
functional status? 

I had a hard time finding or separating some of the figures pre- 
sented in this study from the actual incidence of disease progres- 
sion and its effect either on symptoms or the fate of the graft. I 
wonder if the authors could clarify this issue for me. Certainly, 
this large number of patients must have had disease progression. 
It would be interesting to know how, when, and why it occurred. 
With regard to graft patency, I wonder if we are making any prog- 
ress or whether we are at a standstill. The authors present a com- 
mendable annual failure rate of 4% per year, which is almost iden- 
tical to the 5% per year figure presented by Dr Wesolowski and his 
colleagues at a meeting of this type in 1964. This rate may be the 
best we could possibly ever achieve in dealing with this kind of 
disease, but I would appreciate the authors’ comments on this as- 
pect of the problem in terms of grafting the aortoiliae area. 

Dr Moore: Dr Robicsek, we all appreciated your remarks and I 
believe that you should be commended. It takes a lot of courage 
for a man from North Carolina to get up and condemn cigarette 
smoking. It is very obvious to us as we walk through our wards 
that all one has to do to find the vascular patients is to head for 
the cloud of cigarette smoke. There is no question that this repre- 
sents a major risk factor in peripheral vascular arterial occlusive 
disease. 

Dr Szilagyi has made many fine contributions to the field of vas- 
cular surgery, and has applied life table methods to the statistical 
analysis of the long-term results of vascular reconstructive proce- 
dures. 

Dr Strandness, it has been difficult for us to preoperatively 
identify the patient who subsequently fell into the 10% group that 
failed to exhibit improvement in symptomatic status following op- 
eration. Clearly, this is a wrong choice of operation, but the fac- 
tors that may have helped us separate this group of patients from 
those in whom the operation provided benefit have not been iden- 
tified. In the category of patients described as improved, none re- 
quired subsequent operation such as femoralpopliteal reeonstruc- 
tion because their improvement was adequate enough to enable 


_ them to function at a satisfactory level. With regard to the rela- 


tionship between progression of disease, graft thrombosis, and 
change in symptomatic status, it is clear that disease progression 
led to graft thrombosis. Graft thrombosis inevitably led to a dete- 
rioration in the patient’s symptomatic status. However, there 
were no instances of deterioration of symptomatic status in the 
absence of a graft thrombosis. Because of the relationship be- 
tween a patent graft, initial symptomatic improvement, and sub- 
sequent maintenance of symptomatic status, we have addressed e 
ourselves to identifying those angiographic features that would be 
associated with a longer graft patency. Conversely, the lesions 
that are associated with a high rate of graft thrombosis, such as 
tandem lesions of the profunda femoris and popliteal trifurcation 
vessels, are now singled out as predisposing factors to early graft 
thrombosis. This should be kept in mind when evaluating potengial 
candidates for reconstruction, as this information can be used to 
adequately inform the patient as to the potential long-term bene- 
fit of such an operation. 


Í 
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owel Surgery 


Bowel surgery- may be complicated by 
mixed aerobic and anaerobic infection. 


Postsurgical intra-abdominal infections are often mixed in nature: Moreover, 
contamination by bowel contents generally precedes anaerobic abdominal 
infections? Under such circumstances Vibramycin’ I.V. (doxycycline hyclate 

for injection), an antibiotic indicated for susceptible strains of both aerobic and 
anaerobic pathogens, may prove to be of particular value. Because not all strains 
of pathogens are susceptible, it is recommended that routine culture 

and susceptibility tests be performed. 


Vibramycin' LV. Hyclate 


(doxycycline hyclate for injection) 

is often effective against susceptible strains of some of the aerobic 
and anaerobic pathogens that may be encountered in postsurgical 
infections associated with bowel surgery, such as: 


Bacteroides species Enterobacter 
Escherichia coli Streptococcus species” 


*Up to 44% of strains of Streptococcus pyogenes and 74% of Streptococcus 
faecalis have been found to be resistant to tetracycline drugs. Therefore, 
tetracyclines should not be used for streptococcal disease unless the organism 
has been demonstrated to be sensitive. For upper respiratory infections due 

to Group A beta-hemolytic streptococci, penicillin is the usual drug of choice, 
including prophylaxis of rheumatic fever. 


Because not all strains of pathogens are susceptible, it is recommended that 
routine culture and susceptibility tests be performed. 


Side effects are those usually found with the tetracyclines and include 
tooth staining in children under eight years of age. 


Once-a-day dosage maintains therapeutic levels. 


A single daily infusion of Vibramycin |.V. can maintain therapeutic blood 
levels. The result is an important advantage for both patients and staff: the 
need to awaken the patient during the night is eliminated and there are fewer 
doses for staff to administer. The usual dose of Vibramycin is 200 mg. on the 
first day of treatment administered in one or two infusions. Subsequent daily 
dosage is 100 mg. to 200 mg. depending upon the severity of infection, with 
200 mg. administered in one or two infusions. 
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Because not all strains of pathogens are 
susceptible, it is recommended that routine culture 
and susceptibility tests be performed. 


@ No dosage alteration needed in patients with 
laboratory indications of renal insufficiency. 


€ Convenient once-a-day administration (200 mg. 
the first day, followed by 100 mg. to 200 mg. per 
day thereafter, with the 200-mg. dose administered 
in one or two infusions). 


€ Virtually no loss in serum levels when switching 
from I.V. to oral therapy. 


Vibramycin” Hyclate (doxycycline hyclate) and 
Vibramycin”™ Hyclate 1.V. (doxycycline hyclate for injection) 
BRIEF SUMMARY 


Contraindicated: In persons hypersensitive to any of the tetracyclines. 


Warnings: Use of tetracyclines during the last half of pregnancy, infancy 
and childhood to the age of 8 years may cause permanent discoloration of 
developing teeth. This is more common during long-term use of the tetra- 
aap but has been observed following repeat short-term courses. 

namel hypoplasia has also been reported. Thus, tetracyclines should not 
be used in this age group unless other drugs are not likely to be effective or 
are contraindicated. Individuals receiving tetracycline antibiotics should be 
advised that direct sunlight or ultraviolet light can cause photosensitivity 
reactions. If these reactions (exaggerated sunburn) occur, discontinue ther- 
apy. Doxycycline forms a stable calcium complex in any bone-forming 
tissue. Fibula growth has been decreased in prematures given oral tetra- 
cyelines 25 mg./kg. q. 6h., but this reaction was reversible when the drug 
was discontinued. 

The antianabolic action of the tetracyclines may cause an increase in BUN. 
Studies to date indicate that this does not occur to a significant degree with 
the use of Vibramycin in patients with impaired renal function. 

Vibramycin Intravenous has not been studied in pregnant patients. It 
should not be used in pregnant women unless, in the judgment of the phy- 
sician, it is essential for the welfare of the patient. 

Animal studies indicate that tetracyclines cross the placenta, are found in 
fetal tissues and can have toxic effects on the developing fetus. Evidence of 
embryotoxicity has also been noted in animals treated early in pregnancy. 

use of Vibramycin Intravenous in children under 8 years is not recom- 
mended because safe conditions for its use have not been established. 

Tetracyclines are present in the milk of lactating women who are taking 
a drug in this class. 


Precautions: Overgrowth of nonsusceptible organisms may occur, including 
fungi. If such superinfections are encountered, discontinue Vibramycin and 
institute a led therapy. 

În venereal disease when coexistent syphilis is suspected, a dark-field 
examination should be done before initiating therapy. Conduct monthly 
serological tests for at least 4 months. 

Because tetracyclines depress plasma prothrombin activity, patients on 
anticoagulant therapy may require downward adjustment of their antico- 
agulant dosage. 

In long-term therapy, conduct periodic laboratory evaluation of organ sys- 
tems, including hematopoietic, renal and hepatic. 








Vials containing doxycycline hyclate equivalent to 


Treat all Group A beta-hemolytic streptococcal infections for at least 10 days. 
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microscopic discoloration of thyroid glands. No abnormalities of thyroid func- 
tion studies are known to occur. Bulging fontanels have been reported in 
young infants on therapeutic dosage but disappeared when the drug was 
discontinued. A dose-related rise in BUN has been reported. 


Oral Adult and Children’s Dosages: See the Vibramycin Oral package 
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Intravenous Dosage and Administration: Note: Rapid administration is to 
be avoided. Parenteral therapy is indicated only when oral therapy is not in- 
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The usual dosage and frequency of administration of Vibramycin I.V. 
(100-200 mg./day) differs from that of the other tetracyclines (1-2 Gm./day). 
Exceeding the recommended dosage may result in an increased incidence 
of side effects. 
Studies to date have indicated that Vibramycin, at the usual recommended 
doses, does not lead to excessive accumulation of the antibiotic in patients 
with renal impairment. 


Intravenous Adult Dosage: The usual dosage of Vibramycin I.V. is 200 mg. 
on the first day of treatment administered in one or two infusions. Sub- 
sequent daily dosage is 100 to 200 mg. depending on the severity of infec- 
tion, with 200 mg. administered in one or two infusions. 

In the treatment of primary and secondary syphilis, the recommended 
dosage is 300 mg. daily for at least 10 days. 


Intravenous Children’s Dosage: The recommended dosage schedule for 
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A Simple Method 


for Tissue Pressure Determination 


Thomas E. Whitesides, Jr, MD; Thomas C. Haney, MD; Hiroshi Harada, MD; 


Hamilton E. Holmes, MD; Kazuo Morimoto, MD 


a decision to perform a fasciotomy for a sus- 
pected closed compartment syndrome is frequently 
difficult. The signs and symptoms commonly used in estab- 
lishing the diagnosis often cannot be adequately quanti- 
tated. In the past, fasciotomies frequently were under- 
taken after tissue injury was irreversible. More recently, 
the trend has been to do the procedure either empirically 
or with minimal evidence of ischemia in order to forestall 
tissue damage. 

The principal factor present in the closed compartment 
syndrome is increased tissue pressure. The effectiveness of 
fasciotomy is based on relief of this pressure and reestab- 
lishment of tissue perfusion. The most logical means to 
improve our ability to deal with the syndrome would be di- 
rect measurement of the pressure within the closed com- 
partment. We have devised a method that is simple, read- 
ily available, inexpensive, and reliable. 


RESEARCH 


Studies involving dogs have shown that tissue injury in- 
creases as the duration of the ischemia increases. Normal 
tissue pressure is approximately zero. As the pressure 
within a closed compartment rises, the perfusion of tis- 
sues therein declines progressively until it becomes signif- 
icantly hampered at a level between 10 and 20 mm Hg be- 
low the diastolic pressure. When it equals the diastolic 
pressure, tissue perfusion ceases even though distal pulses 
may still be present. When it approaches systolic pressure, 

“there is no tissue perfusion and the distal pulses dis- 
appear. 
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By using a tourniquet to produce ischemia and by exam- 
ining muscle biopsy specimens after seven days, tissue re- 
covery was found to be essentially complete after five 
hours of ischemia. After six hours of ischemia, approxi- 
mately 50% of the muscle eventually recovered. However, 
damage was complete and irreversible after eight hours of 
ischemia. Since neural tissue is more sensitive to ischemia 
than muscle, the duration of ischemia is more critical here 
in clinical cases. 


MATERIALS AND METHODS 


The equipment required for tissue pressure measurements is 
inexpensive and readily available in most offices and hospitals. It 
is listed as follows: (1) two plastic extension tubes; (2) two 18- 
gauge needles; (3) one 20-ml syringe; (4) one three-way stopcock; 
(5) one vial of bacteriostatic normal saline; and (6) one mercury 
manometer. 


Steps in the Technique 


1. Clean and prepare the area of the extremity to be evaluated. 

2. Break the vacuum in a sterile saline bottle with a sterile 
needle. 

3. Assemble a 20-ml syringe with a plunger at the 15-ml mark, a 
three-way stopcock, plastic IV extension tube, and an 18-gauge 
needle as shown in Fig 1. 

4. Insert the tip of the 18-gauge needle into the saline (Fig 1) 
and aspirate the saline without bubbles into approximately half 
the length of the extension tube. Turn the three-way stopcock to 
close off this tube so that the saline is not lost during transfer of 
the needle. 

5. Insert the 18-gauge needle into the muscle of the compart- 
ment in which the tissue pressure is to be measured. 

6. Connect the second extension tube to the manometer at one 
end and into the three-way stopcock at the other. Turn the stop- 
cock so that the syringe is open to both extension tubes forming a 
“T” connection as shown in Fig 2. This produces a closed system in 
which the air is free to flow into both the extension tubes as the 
pressure within the system is increased. 
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Fig 1.—To measure pressures, apparatus is assembled as shown 
in order to aspirate column of sterile saline into extension tubing. 


Fig 2.—Tissue pressure is measured by determining amount of air 


-= pressure, within this closed system, that is required to barely 
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inject minute quantity of saline. 


i 
° 


N 
° 
[e] 


mercury manometer 


fa] 
O 


(e) 





IV extension tube 


Tee TR oe eee ee enn Se Cee Ge ae er ae ae a 
1 an . 5 ~~“ w > 


7. Increase the pressure in the system gradually by very slowly 
depressing the plunger of the syringe (Fig 2) while watching the 
column of saline. The mercury manometer will rise until the pres- 
sure within the system reaches tissue pressure. At this point, a 
small amount of saline will be injected into the tissue. When the 
column moves, stop the pressure on the syringe plunger and read 
the level of the manometer. The manometer reading at the time 
the saline column moves is the tissue pressure in millimeters of 
mercury. 


COMMENT 


Experience with approximately 20 patients has con- 
firmed that the decision for fasciotomy can be directed by 
the following considerations and guidelines. 

Patients with suspected closed compartment syndrome 
should have tissue pressure measurements of all the com- 
partments that may be involved. Readings in the range of 
20 to 30 mm Hg require careful monitoring through peri- 
odic readings and observation for all the signs and symp- 
toms of closed compartment syndrome. Readings should 
be repeated at one- to two-hour intervals, depending on 
the urgency of the clinical situation. They should be con- 
tinued until the pressure decreases or until it increases to 
the point where fasciotomy is indicated. We have deter- 
mined that fasciotomy should be performed when the 
pressure rises to within 10 to 30 mm Hg of the patient’s 
diastolic pressure provided that the patient shows any 
clinical signs or symptoms of the closed compartment syn- 
drome. For instance, normotensive patients with a dias- 
tolic pressure of 70 mm Hg and a suspected closed com- 


20cc syringe 


air 


r] 
ee aa Aoun es Tm amea 


~-~. closed 


3 way stop cock open to 
syringe and both extension 


tubes 


1312 Arch Surg—Vol 110, Nov 1975 





Tissue Pressure Determination—Whitesides et al s 








OTL MET TOT TS ERE, ee 
| Cour hee \ a "y 
. la pra a an > - > 4 ee i * 
a ' Wj å 2» 


partment syndrome usually should have a fasciotomy by 
the time the tissue pressures reach 40 to 45 mm Hg. Hypo- 
tensive patients may require the operation at lower pres- 
sures. When the tissue pressures approach or equal the pa- 
tient’s diastolic blood pressure, a fasciotomy is indicated, 
even though distal pulses may be present. This technique 
should aid in early diagnosis and appropriate treatment of 
compartmental syndromes. It is hoped that wider use of 
this measurement technique will help define its clinical 
usefulness and limitations more precisely. 


REPORT OF CASES 


Case 1.—A 51-year-old man sustained fractures of the proximal 
parts of the tibia and fibula. Five hours after injury, he developed 
foot-drop, decreased sensation to the dorsum of the foot, and in- 
creasing pain. The posterior tibial pulse was intact, but the dor- 
salis pedis pulse was absent. The problem could have been arterial 
injury, nerve injury, closed compartment syndrome, or some com- 
bination of these. Tissue pressure measurement of the anterior 
compartment was 84 mm Hg with an arm blood pressure of 90/60 
mm Hg. Measurements of pressure in the other compartments 
were within normal limits. Arteriography showed a block of the 
anterior tibial artery as it entered the anterior compartment. The 
diagnosis of closed compartment syndrome with possible addi- 
tional neural trauma was made and a fasciotomy with partial 
fibulectomy was performed with internal fixation of the fracture. 
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The neurovascular deficits were secondary to increased pressure 
within the compartment. The patient made a full recovery. 
Case 2.—A 70-year-old woman had an embolus to the right ilio- 
femoral artery two weeks after a myocardial infarction. She was 
not seen until 16 hours later, after having had a second myocardial 
infarction. The embolus was removed under local anesthesia, re- 
sulting in reestablishment of circulation, but increasing pain and 
foot-drop were present when she was seen eight hours after the 
embolectomy. Tissue pressures in the compartments varied from 
30 to 38 mm Hg and it was considered that the signs and symp- 
toms were due to previous ischemia with insufficient increases of 
tissue pressure to require fasciotomy. Subsequent tissue pressure 
readings showed a gradual decline. The woman made a partial re- 
covery. Without the availability of tissue pressures, a fasciotomy 
probably would have been performed in this heparinized patient 
and the potential for complications would have been greater. 


Marshall Urist, MD, gave his permission to include this abridgement 
with the other papers of the North American Chapter. The full report will 
be published in the December 1975 issue of Clinical Orthopaedics and Re- 
lated Research. 
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Discussion 


ALLAN R. Downs, MD, Winnipeg, Canada: I would like to con- 
gratulate Dr Whitesides and his colleagues for a nice study; one, I 
think, that is still a controversial problem. 

One of our patients had a double popliteal artery injury that 
was sustained with a compound knee dislocation and associated 
with a nine-hour period of ischemia. 

The pressure was measured in the anterior compartment. The 
affected leg had a pressure reading above 100 mm Hg. The pa- 
tient’s blood pressure was normal. Fasciotomy was not performed, 
and the patient recovered with a minor extensor hallucis longus 
weakness. 

We have experienced some morbidity with fasciotomy and for 
that reason we continue to search for reliable methods of deter- 
mining the need for and the value of fasciotomy in these circum- 
stances, It appears to us that the initial cause of ischemia is of 
more significance than presumed ischemia related to the increased 
compartment pressure. 

Dr WuiresipEs: I would certainly agree that one must first 
reestablish circulation. However, to have this negated by a com- 
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partment syndrome left untreated would seem tragic. Neural tis- 
sue is more sensitive to ischemia than muscle; thus, if you have 
muscle weakness following temporary ischemia, you most likely 
have loss of sensibility. The long-term complications of sensory 
loss in the sole of the foot are much greater than the short-term 
problems of skin grafting a fasciotomy wound. 

In all cases in which we have found tissue pressures above dias- 
tolic pressure, at the time of fasciotomy we have found severe 
edema and could not have closed the skin wound if we had desired. 
In those cases in which fasciotomy was not done on the basis of 
tissue pressure measurement, no additional neuromuscular deficit 
ensued. 

There are other methods of determining tissue pressure that re- 
quire transducers, complicated electronics, and implantable inter- 
face devices. These are expensive and require preplanning. Ours 
is a simple method, requiring only generally available, disposable, 
inexpensive material. I would suggest that you try it first on ani- 
mal material; a pork or lamb shank is satisfactory and still edible 
afterward. 
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Carotid Endarterectomy for 


Nonhemispheric Transient 


Ischemic Attacks 


John J. Ford, Jr, MD; William H. Baker, MD; Johann L. Ehrenhaft, MD 


è Fifty carotid endarterectomies were performed in 46 patients 
with nonhemispheric transient ischemic attacks. There was no 
mortality. Three patients had temporary strokes postoperatively. 
Ninety-five percent of the patients were improved and remained 
so at follow-up examination. Clinical improvement was not re- 
lated to the presence or absence of vertebral or subclavian ste- 
nosis. In retrospect, the two patients who were unimproved had 
been improperly selected. 

(Areh Surg 110:1314-1317, 1975) 


symptoms of transient ischemic attacks can be 
divided into categories of hemispheric or nonhem- 
ispheric. Hemispheric or carotid territory symptoms are 
unilateral paresis, unilateral paresthesias or anesthesia, 
aphasia, and monocular blindness. In this study, all pa- 
tients with neurologic symptoms other than hemispheric 
were categorized as having nonhemispheric symptoms. 
Nonhemispheric symptoms are vertigo, ataxia, diplopia, 
bilateral visual blurring, bilateral paresthesias or paresis, 
_ dysarthria, dizziness, syncope, drop attacks (the sudden 
loss of strength in the legs causing the patient to fall to 
the ground that involves no real loss of consciousness and 
a rapid return of strength), headache, and confusion. 
The pathophysiology of hemispheric transient ischemic 
attaeks is reasonably well established. Atheromatous 
debris or thrombus or both dislodge from the carotid bi- 


furcation in the neck and embolize to the cerebral or oph- 
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thalmic arteries and temporarily interrupt local blood 
flow. Internal carotid stenosis less frequently causes 
symptoms by diminishing hemispheric blood flow.’ Ca- 
rotid endarterectomy removes the source of the embolus, 


Results of preoperative arteriographic studies for patients (pts) 
with nonhemispheric transient ischemic attacks who underwent 
carotid endarterectomy. 
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improves flow, and thereby halts symptoms.* 

‘The pathophysiology of nonhemispheric transient is- 
chemic attacks is not as well understood. Cranial nerve 
symptoms and drop attacks are due to temporary hypo- 
perfusion of the basilar artery and its branches.’ Visual 
blurring may represent hypoperfusion of the occipital cor- 
tex or retina.* Dizziness is usually attributed to reduced 
vertebrobasilar flow, but it may also be associated with 
cerebral hypoperfusion.’ 

Embolization of atheromatous debris or thrombus or 
both in the vertebrobasilar (posterior) arterial system is 
alleged to be much rarer than embolization in the carotid 
(anterior) arterial system. Posterior circulation hypoper- 
fusion is most likely due to diminished blood flow through 
stenotic arteries. Since the anterior and posterior circula- 
tions connect via the circle of Willis in most patients, cor- 
rection of a carotid stenosis should improve total blood 
flow and should therefore be effective in relieving non- 
hemispheric transient ischemic attacks. 


SUBJECTS AND METHODS 


Forty-six patients were retrospectively reviewed so as to exam- 
ine the efficacy of carotid endarterectomy for the alleviation of 
nonhemispheric symptoms. There were 24 men and 22 women. The 
ages of the patients ranged from 49 to 84 years (mean, 67 years). 
Hypertension and hypercholesterolemia were each present in one 
half (23) of the patients. Thirty-three patients had a history of 
cigarette smoking. Cardiac arrhythmias were observed in only 
two patients. One of these patients reported a cardiac irregularity 
but the results of his electrocardiogram were normal. The second 
patient had multiple premature ventricular contractions as ob- 
served by the results of his ECG at the time of admission. 

Thirty patients had nonhemispheric symptoms alone and 16 pa- 
tients had hemispheric and nonhemispheric symptoms. 

Dizziness was the most common nonhemispheric symptom, and 
it was present in 32 of the 46 patients undergoing endarterec- 
tomy. All patients who experienced dizziness were carefully eval- 
uated in order to rule out arrhythmia and other cardiac causes of 
hypoperfusion. They were also evaluated for hypertension, and if 
the episodic dizziness was associated with poor control of the hy- 
pertension, surgery was deferred. Blood pressures in the supine 
and standing positions were taken to rule out postural hypoten- 
sion. 

Drop attacks (ten patients), bilateral visual blurring (10 pa- 
tients), syncope (five patients), and dysarthria (four patients) 
were relatively common, but other symptoms, such as incoordina- 
tion, unsteady gait, vertigo, confusion, and headache were rela- 
tively rare (seven patients). All but two patients had episodic 
symptoms that usually lasted from seconds to minutes. Two pa- 
tients had continuous, broad-based ataxic gaits. 

Thirty seven patients had carotid bruits (unilateral in 16 pa- 
tients and bilateral in 21) and 11 patients had subclavian bruits 
(unilateral in four patients and bilateral in seven). One patient 
had an absent carotid pulse and five had abscent subclavian 
pulses. One patient with episodic dizziness had normal pulses 
without bruits. A Doppler examination of his left supraorbital ar- 
tery showed reversal of flow and a subsequent angiogram re- 
vealed a 90% carotid stenosis. 

Arteriography was recommended to patients only if they had 
synfptoms that were truly disturbing and if the physical examina- 
tion showed evidence of a carotid stenosis. A patient with dizzi- 
ness, full carotid pulses, no carotid bruit, and normal results from 
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a carotid Doppler examination would not be studied arterio- 
graphically. A patient with dizziness, a carotid bruit, and hyper- 
tension would first have the hypertension controlled. If symptoms 
persisted despite good control of the hypertension, this patient 
would then be studied. 

Arch aortography visualizing all four extracranial cerebral ves- 
sels was performed in all patients but one. There was a 30% to 99% 
narrowing of the diameter of the internal carotid artery with an 
average stenosis of 70% as seen on the two plane angiograms. This 
was verified by examination of the excised atherosclerotic plaque. 
Sixteen patients (34%) had a marked (70% or greater) stenosis of 
the opposite carotid artery. Only 18 patients (40%) had severe ste- 
noses or occlusion of the vertebral or proximal subelavian arteries 
(Figure). Intracranial films were infrequently obtained. 

Fifty carotid endarterectomies were performed on 46 patients 
between March 1971 and December 1974. All patients received 
general anesthesia and no indwelling shunt was employed. Four 
patients underwent bilateral carotid endarterectomies. Two of the 
bilateral procedures were performed at short intervals for bilat- 
eral carotid stenoses. Another patient underwent surgery on the 
opposite carotid artery for an episode of aphasia that had oc- 
curred one year before. One subject initially was totally relieved 
of symptoms of dizziness and blurred vision but returned in two 
years with the same symptoms and a contralateral carotid ste- 
nosis. She again obtained relief after carotid endarterectomy. 

All patients were reexamined after surgery and none were lost 
to follow-up. If the patient stated that he had no further symp- 
toms, he was classified as asymptomatic. If the patient continued 
to have symptoms but they were less frequent or less severe, he 
was classified as improved. If the symptoms were unchanged, the 
patient was classified as unimproved. 


RESULTS 


There were no operative deaths in these 46 patients. 
Three patients had temporary postoperative neurologic 
deficits but all have completely recovered. One of the three 
patients has an occluded internal carotid artery that was 
determined by results of an angiogram. The other two pa- 
tients have normal results from Doppler examinations of 
the ipsilateral supraorbital artery, indicating patent ca- 
rotid arteries. The surgical morbidity and mortality of 171 
operations from 1971 through 1974 was as follows: 


Carotid Endarterectomy 
Nonhemispheric Transient 


Ischemic Attacks All Indications 


No. of operations 50 171 
Death 0 Į 
Neurologic deficit 
Permanent 0 2 
Transient 3 5 


The postoperative follow-up period ranged from 2 
to 36 months (average, 15 months). Thirty-one (67%) of the 
46 patients are asymptomatic, 13 (28%) are improved, and 
2 (4%) are unchanged. Fourteen (61%) of the 23 normoten- 
sive patients became asymptomatic as compared with 17 
(74%) of the 23 hypertensive patients (P<.84). Six (26%) 
of the hypertensive patients became improved. Seven 
(30%) of the normotensive patients improved and two (9%) 
remained unchanged. 

The postoperative clinical results in patients with nor- 
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mal and with stenotic vertebral and proximal subclavian 
arteries were as follows: 


With Vertebral or 


Subclavian Stenosis (> 50%) Normal 
or Both (<50% Stenosis) 
Asymptomatic 11 20 
Improved 6 7 
Unchanged 1 1 


Carotid endarterectomy completely relieved symptoms 
in 71% of the patients without vertebral or subclavian ste- 
nosis compared to 61% of the patients with vertebral or 
subclavian stenosis (P< .74). One patient in each group 
was classified as unchanged postoperatively. 

There have been two late deaths in this series. One 
asymptomatic patient died of pneumonia five months af- 
ter a carotid endarterectomy on the left. The pneumonia 
immediately followed a hemispheric stroke on the ipsilat- 
eral side. One improved patient died of carcinoma of the 
lung 18 months after endarterectomy. 


COMMENT 


The object of this study was to retrospectively evaluate 
the results of carotid endarterectomy for nonhemispheric 
transient ischemic attacks. Most of these symptoms are 
believed to be due to vertebrobasilar insufficiency, but 
there is some debate as to whether or not dizziness is ver- 
tebrobasilar or cerebral in origin. 

Surgery produced a satisfactory result in 95% of the pa- 





tients, which indicates that carotid endarterectomy can be 
beneficial for nonhemispheric transient ischemic attacks. 
This study agrees with most but not all previously pub- 
lished reports.*-™ 

We can only hypothesize that total blood flow was in- 
creased, since blood flow measurements were not taken 
before and after surgery. We also assume that this mecha- 
nism was responsible for relief of symptoms. 

If one suggests that nonhemispheric symptoms are due 
to emboli, the source of the embolus should be the verte- 
bral, basilar, or proximal subclavian artery. In such an 
event, carotid endarterectomy would obviously not im- 
prove the patient. 

The presence or absence of vertebral or subclavian ste- 
nosis or both did not noticeably influence the clinical re- 
sult. This indicates that symptoms were of a cerebral ori- 
gin, that unseen lesions in the basilar artery were present, 
or that vertebral arteries that appeared normal arterio- 
graphically were extrinsically narrowed with movement 
of the cervical vertebrae and caused symptoms. In the two 
latter instances, carotid endarterectomy would cause 
symptom relief by improving flow through normal collat- 
eral pathways. More complete angiography would be re- 
quired to answer this question. 

The two patients who were not improved by carotid en- 
darterectomy had a continuous, broad-based ataxic gait. 
In retrospect, it is obvious that they did not have tran- 
sient ischemic attacks but did have permanent neurologic 
changes. If this fact had been recognized prior to their op- 
erations, they would not have undergone surgery. 
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Discussion 


JESSE E. THOMPSON, MD, Dallas: Although we tend to emphasize 
embolism as the cause of transient ischemic attacks, we seem to 
neglect the nonhemispheric symptoms that stem from reduction 
in total cerebral blood flow. 

Severe ischemic symptoms can certainly occur without later- 
alizing signs. One example of this was a 64-year-old man who was 
bedridden. If he raised his head from the pillow, he got dizzy, and 
if he stood up, he fainted. This patient had severe carotid stenosis 
and poor intracranial filling, as seen by results of the atrioventric- 
ular x-ray films. Bilateral endarterectomy was performed in two 
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stages ten days apart, and a shunt was used in both operations. 
After surgery, the patient was able to return to work on a fulk 
time basis. He died approximately seven years later of myocardial 
infarction without any further cerebral symptoms. 

I believe that patients with severe bilateral disease should all 
undergo surgery with the protection of a shunt. The authors re- 
port three deficits in 46 patients and 50 operations, which is ap- 
proximately 6%. In a series of 124 patients with total carotid oeclu- 
sion on one side and severe stenosis on the other (undergoing 
surgery on the stenotic side) in whom we have used a shunt rou- 
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tinely, we had only one transient deficit, or an incidence of less 
than 1%, with no deaths. 

I believe one should strive for a rate near 1%. In these severely 
ischemic patients, some form of cerebral protection is most impor- 
tant. 

ANTHONY M. Imparato, MD, New York: I would like to caution 
that the complaint of dizziness is exceedingly common and in it- 
self is probably not sufficient cause for performing cerebral an- 
giographic studies. 

I agree with the authors’ comments regarding drop attacks. If 
there are combinations of vertebral and carotid arterial stenoses 
of the order of 70% to 80% in any one plane, they are sufficient to 
interfere with flow, and the repair of such high-grade carotid ste- 
noses will almost invariably eliminate the drop attacks. 

A small group of patients with drop attacks have only bilateral 
vertebral arterial lesions. We have a group of approximately 35 
such patients, in whom unilateral subclavian vertebral angio- 
plasties have been effective. 

Even in the presence of obvious carotid and vertebral arterial 
lesions, other conditions must be considered in patients who faint. 
Associated intermittent cardiac rhythm disorders may be difficult 
to detect. In some patients, the correct diagnosis has been made 
only after arterial reconstruction in the neck has failed to elimi- 
nate syncopal attacks. The correct diagnosis is then made by 
means of rapid atrial pacing or prolonged cardiac monitoring. 

Some patients have hypersensitive carotid sinus reflexes so that 
unilateral carotid compression produces ventricular asystole. 
These subjects have been controlled with cardiac pacemakers. 

In patients who faint, it is also essential to listen with the 
stethoscope in order to be certain that tight aortic stenosis is not 
present. 

Dr Haynes: There is a clinical impression that carotid endar- 
terectomy not only prevents stroke but also has effects on the pa- 
tient’s personality and general processes. We designed a study to 
test this hypothesis. 

Ten patients between the ages of 59 and 78 years were studied 
before surgery. All subjects had a stenosis of more than 50%. Six 
weeks after surgery, they underwent extensive psychological 
studies through Auburn University. 

The results of the trials test before and after surgery showed 
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that the patients had more errors before surgery than after. The 
results also indicated that the time required to do the study before 
surgery was greater than it was after surgery, and the patients 
generally had a much better performance. 

It should be noted that the patients in an intelligence quotient 
study had an increase in IQ during the period that ranged from 
before surgery to six weeks after surgery. In general, we can say 
that the difference in IQs before and after surgery was substan- 
tial. The average patient gained 18 to 19 points in this period. Pa- 
tients showed improvement in perceptual ability and in motor 
coordination. They also exhibited an average of six aphasic signs 
before surgery as compared to 3.3 afterward. They performed 
much better on the Minnesota Multiphasic test. 

Dr VANDERMOLE: We would like to stress one aspect of this 
study, and that is that these patients first had minimal retinal 
symptoms. During the past two years or so, we at the vascular 
service at the University of California at Irvine have become in- 
creasingly aware of and have had more and more experience with 
a group of patients who initially had minimal retinal symptoms, 
such as blurred vision. However, they had no other symptoms, no 
classic transient ischemic attacks, and no history of amaurosis fu- 
gax. These patients were referred to the vascular service because 
of the presence of cholesterol emboli. 

We have routinely recommended four-vessel arteriogram in 
these patients and have invariably found evidence of disease at 
the carotid bifurcation, usually in the ipsilateral carotid artery. 
We have recommended carotid endarterectomy for these patients 
and have found ulcerated plaques. 

Dr Baker: Dr Thompson again raised the question of shunt vs 
no shunt. Our study was not designed to answer that question. 

Dr Imparato gave us an excellent review of people with dizzi- 
ness. I assure you that the people in Iowa are just as dizzy as 
people in New York or Boston. One of the purposes of our research 
was to emphasize that with a careful work-up the physician can 
select patients who will benefit from carotid endarterectomy. 

I have no experience with preoperative and postoperative IQ 
tests and so I am unable to comment on them. It is well known 
that patients with amaurosis fugax can benefit from a carotid en- 
darterectomy. 
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VELOSEF® CAPSULES 
Cephradine Capsules 


VELOSEF® for ORAL SUSPENSION 


Cephradine for Oral Suspension 


VELOSEF”® for INJECTION 


Sterile Cephradine for Injection 


DESCRIPTION: Velosef ‘250’ Capsules and Velosef ‘500’ 
Capsules (Cephradine Capsules) provide 250 mg. and 500 mg. 
cephradine, respectively, per capsule. Velosef ‘125’ for Oral 
Suspension and Velosef ‘250’ for Oral Suspension (Cephradine 
for Oral Suspension) after reconstitution provide 125 mg. and 
250 mg. cephradine, respectively, per 5 ml. teaspoonful. Velosef 
for Injection (Sterile Cephradine for Injection) is asterile powder 
for reconstitution available in vials containing 250 mg., 500 mg., 
or 1 g. cephradine, and in bottles containing 2 g. or 4 g. cephra- 
dine. The preparations also contain 79 mg., 157 mg., 315 mg., 
630 mg., or 1.26 g. anhydrous sodium carbonate respectively. 
The sodium content is approximately 136 mg. (6 mEq.) per g. 
of cephradine. 


INDICATIONS: For the treatment of infections caused by 
susceptible strains of designated microorganisms as follows 
(injection for serious infections only): Respiratory Tract In- 
fections due to Klebsiella sp., H. influenzae, Staphylococcus 
aureus, for injectable forms only and those due to Streptococcus 
pneumoniae (formerly D. pneumoniae), and group A beta- 
hemolytic streptococci for oral and injectable forms. [Penicillin 
is the usual drug of choice in the treatment and prevention of 
streptococcal infections, including the prophylaxis of rheumatic 
fever; Velosef (Cephradine, Squibb) is generally effective in the 
eradication of streptococci from the nasopharynx; substantial 
data establishing the efficacy of Velosef in the subsequent pre- 
vention of rheumatic fever are not available at present]; Otitis 
Media (oral forms only) due to group A beta-hemolytic strep- 
tococci, H. influenzae, staphylococci, and Streptococcus pneu- 
monfae; Skin and Soft Tissue Infections due to S. aureus and 
those due to group A beta-hemolytic streptococci (injection 
only) Urinary Tract Infections due to E. coli, Pr. mirabilis and 
Klebsiella sp.; Septicemia (injection only) due to Streptococcus 
pneumoniae, S. aureus, Pr. mirabilis, and E. coli. 

Note: Culture and susceptibility tests should be initiated prior 
to and during cephradine therapy. Renal function studies should 
be performed when indicated. 


CONTRAINDICATIONS: In patients with known hypersen- 


sitivity to the cephalosporin group of antibiotics. 


WARNINGS: Use cephalosporin C derivatives with great 
caution in penicillin-sensitive patients since there is clinical 
and laboratory evidence of partial cross-allergenicity of the two 
groups of antibiotics; there are instances of reactions to both 
drugs (including fatal anaphylaxis after parenteral use). 

Use cautiously and only when absolutely necessary in persons 
who have demonstrated some form of allergy, particularly to 
drugs. Serious anaphylactoid reactions require immediate 
emergency treatment with epinephrine; administer oxygen, 
I.V. steroids, and airway management (including intubation) 
as indicated. 

Usage in Pregnancy and Lactation: Although no teratogenic 
or anti-fertility effects were seen in reproduction studies in mice 
and rats receiving up to four times the maximum human dose, 
the safety for use in human pregnancy has not been established; 
weigh benefits in pregnant women against possible risk to the 
fetus. Cephradine is secreted in breast milk during lactation. 

Usage in Infants: Although Sterile Cephradine for Injection 
has been used effectively in infants, consider the benefits to 
risks ratio of the drug in the treatment of premature infants or 
infants under one year of age since all laboratory parameters 
have not been extensively studied in this age group. 
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PRECAUTIONS: To detect any side effects or unusual mani- 
festations of drug idiosyncrasy, follow patients carefully. Dis- 
continue drug and treat with the usual agents (e.g., pressor 
amines, antihistamines or corticosteroids) if a hypersensitivity 
reaction occurs. 

Administer cephradine with caution in presence of impaired 
renal function. In known or suspected renal impairment, careful 
clinical observation and appropriate laboratory studies should 
be made prior to and during cephradine therapy since cephra- 
dine accumulates in the serum and tissues. Patients with im- 
paired renal function require a modified dosage schedule 
(see package inserts). 

Prolonged use of antibiotics may promote overgrowth of 
nonsusceptible organisms. Take appropriate measures should 
superinfection occur during therapy. 

After treatment with cephradine, a false positive reaction for 
glucose in the urine may occur with Benedict's solution, 
Fehling ssolution, or with Clinitest® tablets, but not with enzyme- 
based tests such as Clinistix® and Tes-Tape*. As with other 
cephalosporins, positive direct Coombs tests have been re- 
ported infrequently. 

Velosef for Injection (Sterile Cephradine for Injection) is 
physically compatible with most commonly used I.V. fluids and 
electrolyte solutions (such as 5% Dextrose Injection, Sodium 
Chloride Injection, or M/6 sodium lactate); however, it is not 
compatible with Lactated Ringer's Injection because of the 
incompatibility between calcium ions and the sodium carbonate 
in Sterile Cephradine for Injection. 

Indicated surgical procedures should be performed in con- 
junction with antibiotic therapy. 


ADVERSE REACTIONS: Untoward reactions are limited 
essentially to G.I. disturbances and to hypersensitivity phe- 
nomena. The latter are more likely to occur in persons who 
have previously demonstrated hypersensitivity and those with 
a history of allergy, asthma, hay fever, or urticaria. 

The following adverse reactions have been reported following 
use of cephradine: G.|.—glossitis, nausea, vomiting. diarrhea 
or loose stools, tenesmus, abdomina! pain, heartburn. Skin and 
Hypersensitivity Reactions—mild urticaria or skin rasn, edema, 
erythema, pruritus, joint pains, drug fever. Blood—mild, transient 
eosinophilia, leukopenia and neutropenia. Liver (ora! forms)— 
transient mild rise of SGOT, SGPT, and total bilirubin with no 
evidence of hepatocellular damage. Liver (Injection)—elevated 
SGOT and SGPT have been observed in approximately 10% 
and 2% of patients respectively; elevated total bilirubin, alkaline 
phosphatase and LDH have been observed in a few cases; in 
most cases, values tended to return to normal after the end of 
therapy. Renal (oral forms)—Transitory rises in BUN have been 
observed in some patients treated with cephalosporins; their 
frequency increases in patients over 50 years old. In adults for 
whom serum creatinine determinations were performed, the 
rise in BUN was not accompanied by a rise in serum creatinine. 
Renal (Injection)—mild rises in BUN have been observed in 
some patients treated with cephalosporins; their frequency in- 
creases in patients over 50 years old and in children under 
three. In adults for whom serum creatinine determinations were 
performed, the rise in BUN was not accompanied by a rise in 
serum creatinine. Others—headache, dizziness, tightness in 
the chest, dyspnea, paresthesia, candidal overgrowth, candidal 
vaginitis, hepatomegaly (isolated instances), and thrombophle- 
bitis at injection site. 

Some patients experienced pain on I.M. injection. Administer 
Sterile Cephradine for Injection by deep |.M. injection since 
sterile abscesses have been reported following accidental 
subcutaneous injection. 

For full prescribing information, consult package inserts. 


HOW SUPPLIED: 250 mg. and 500 mg. capsules in bottles 
of 24 and 100 and Unimatic” single-dose packs of 100; 125 mg.° 
and 250 mg. for oral suspension in bottles of 100 ml. Sterile 
Cephradine for Injection available for I.M. or I.V. use in vials 
containing 250 mg., 500 mg., or 1 g. cephradine, and for I.V. use 
in 100 ml. infusion bottles containing 2 g. or 4 g. cephradine. 
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Aortorenal Arterial Autografts 


Late Observations 


Charles R. Lye, MD; S. Timothy String, MD; Edwin J. Wylie, MD; Ronald J. Stoney, MD 


è Forty-nine iliac artery autografts were used in the treatment 
of renovascular hypertension in 45 patients, including six chil- 
dren. The pathological process was fibromuscular dysplasia in 
42, atherosclerosis in two, and Takayasu arteritis in one. The in- 
ternal iliac artery was used as a graft in 39 patients. The com- 
mon iliac bifurcation was used in two patients, and the external 
iliac artery in four patients. Common and external iliac artery 
continuity was restored with Dacron prostheses. 

Forty-three patients with 47 autografts have been followed up 
from one to ten years (average three years). Hypertension was 
cured or improved in 96% of the patients. Serial follow-up arte- 
riograms as late as ten years after surgery have been obtained in 
50% of the patients. No late occlusions occurred. Slight auto- 
graft dilation occurred seven years postoperatively in one child. 
Normal growth of the autograft was exhibited in the remaining 
five children. No evidence of dilation, aneurysm formation, or 
stenosis appeared in any other grafts, although one patient de- 
veloped a new lesion distal to her graft. 

(Arch Surg 110:1321-1326, 1975) 


ia tissue grafts have been used increasingly 
in recent years for renal artery bypass or replace- 
ment. The most commonly used grafts are the saphenous 
vein or segments of the iliac arteries.'* Long-term follow- 
up of venous grafts used as renal artery substitutes sug- 
gests that 38% to 60% of these grafts develop degener- 
ative changes leading to dilation, frank aneurysm, or 
constriction.*® These reports have prompted our review of 
the long-term behavior of arterial autografts for renal 
artery replacement. 
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SUBJECTS AND METHODS 


Between 1964 and 1974 45 hypertensive patients underwent re- 
nal artery reconstruction with autogenous iliac artery grafts at 
the University of California Medical Center, San Francisco. Four 
repairs were bilateral. Forty-nine arterial autografts were thus 
available for review. Thirty-five women and ten men ranged in 
age from 8 to 55 years (average age, 34 years). Six were children 
16 years of age or less (Fig 1). 


Pathological Findings 


The renal artery stenosis was caused by fibromuscular dysplasia 
in 42 patients (medial fibroplasia in 35, intimal fibrosis in seven), 
by atherosclerosis in two patients, and by Takayasu arteritis in 
one patient. 


Autograft Procurement 


Forty-one patients had unilateral lesions (31 on the right side, 
ten on the left). The donor artery was the internal iliac in 37 pa- 
tients and the external iliac artery in four patients. Four patients 
underwent simultaneous repair of bilateral lesions. Internal iliac 
artery segments were used in two patients, and a bifurcated 
graft, obtained by removing the common, internal, and external 
iliac arteries as a single unit, was used in the remaining two pa- 
tients. Dacron tube grafts were used to restore arterial continuity 
to the leg in the six patients in whom the common or external iliac 
arteries were removed. No attempts were made to replace the in- 
ternal iliac artery segments. 


Surgery 


Unilateral aortorenal grafts were attached to the side of the in- 
frarenal abdominal aorta, approximately midway between the ori- 
fices of the renal and inferior mesenteric arteries. Temporary to- 
tal occlusion of the abdominal aorta between clamps facilitates 
the creation of this end-to-side anastomosis, since a circular de- 
fect equal in diameter to that of the autogenous artery must be 
removed from the aortic wall. When this anastomosis is com- 
pleted, aortic flow is restored, and a clamp is placed across the au- 
tograft. The renal artery is then divided distal to the occlusive 
lesion, and an end-to-end anastomosis is performed, using inter- 
rupted fine sutures. Renal ischemia has lasted from 10 to 15 min- 
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Fig 1.—Age and sex distribution of 45 pa- 
tients with renal artery autografts. 


Fig 2.—Surgical photograph showing aor- 
ta bilateral renal autograft with use of com- 
mon iliac and its branches as autograft. 


utes. The diseased segment of renal artery is resected for patho- 
logical study. Right renal autografts are placed in a retrocaval 
position. 

In two patients the bilateral repair employed the common iliac 
artery and both of its branches for the autograft (Fig 2). The com- 
mon iliac artery was anastomosed with the “cobrahood” technique 
to the anterior aspect of the mid-infrarenal abdominal aorta. The 
internal iliac and external iliac artery branches, which pointed in 
a cephalad direction, were anastomosed to the renal arteries distal 
to the stenotic segments on either side. 


RESULTS 
Functional Results 


Patients were considered cured if their postoperative 
blood pressures consistently measured less than 150/90 
mm Hg and if they were not receiving medication. They 
were considered improved if (1) they were normotensive 
with the use of a diuretic or (2) their diastolic blood pres- 
sure was reduced to 100 mm Hg and was maintained at 
that level without the use of ganglionic blockers or sympa- 
tholytic agents. All patients available for follow-up were 
examined at six-month intervals. Postoperative arterio- 
grams and serial late arteriograms were performed to 
evaluate the status of the autografts. 

There were no deaths within 30 days following surgery. 
One patient developed a graft occlusion in the postopera- 
tive period. This patient remained hypertensive until 
nephrectomy was performed six months later. The 
remaining 44 patients with 48 functioning grafts were 
followed up for periods of up to ten years (average period, 
four years). One patient, normotensive when discharged 
from the hospital, died three months later of intestinal 
infarction. One patient remained hypertensive; a polar 
artery stenosis has been identified as the cause. Forty-two 
patients (98%) were either cured (20) or improved (22) at 
their first follow-up period six months after surgery. 
Seventeen of the 22 improved patients were normotensive 
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while receiving diuretic therapy, and five maintained a 
diastolic blood pressure between 90 and 100 mm Hg 
without medication. 

Twenty-eight patients (14 cured and 14 improved) have 
now been followed up for a minimum of three years since 
their operation. Five, initially considered cured, have de- 
veloped mild hypertension and have been reclassified as 
improved. In no instance has the hypertension become se- 
vere or difficult to control in these patients. The cause of 
their blood pressure elevation has not been explained by 
abnormalities found on the follow-up arteriograms. Con- 
versely, three of the 14 initially considered improved are 
now normotensive without medication and have been re- 
classified as cured. There have been no late autograft oc- 
clusions in these 28 patients. 


Graft Results 


Early postoperative arteriographic studies were per- 
formed in 43 patients. Twenty-eight follow-up arterio- 
grams have been obtained in 22 patients from one to ten 
years after surgery (average 5.1 years). There have been 
no late occlusions. An arteriogram obtained seven years 
after surgery in one child who remains normotensive re- 
vealed slight graft dilation. No other alterations in the 
grafts have been identified by these arteriographic stud- 
ies. One patient, 11 years following an autograft replace- 
ment of the main renal artery of her solitary kidney, 
exhibited new fibromuscular changes in the renal bifurca- 5 
tion distal to the graft (Fig 3). No other progressive or 
new lesions have been observed. 


COMMENT 


The primary objective of the surgical treatment of 
renovascular hypertension is the restoration of a normal 
arterial supply to the affected kidney. Because of the prev- 
alence of this disease in young patients (average age in 
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Fig 3.—Postoperative arteriogram (11 years) showing apparently 
normal autograft and mild renal-artery-branch fibromuscular dys- 
plasia. 


this series, 34 years), the techniques employed to achieve 
this goal must survive the patient’s expected life span. 
Nephrectomy is not an acceptable alternative to arterial 
reconstruction unless severe renal atrophy is present, 
since the progression of lesions and subsequent appear- 
ance of new lesions in a presumably uninvolved renal ar- 
tery are now well documented.*:*"° 

Although the initial reports concerning the use of au- 
togenous saphenous veins for aortorenal reconstruction 
were encouraging, the late follow-up of these grafts 
causes serious concern. Stanley et al’ demonstrated physi- 
cal abnormalities in 60% of their grafts in patients fol- 
lowed up 1 to 12 years, while Dean et al* reported a 38% in- 
cidence of dilation, aneurysm formation, and stenosis. The 
clinical significance of these findings is as yet uncertain, 
since some changes were observed in asymptomatic pa- 
tients. Nevertheless, serious reservations remain about 
the durability of the saphenous vein as a renal artery sub- 
stitate.” 

A segment of the iliac artery system appears for several 
reasons to be a nearly ideal conduit for renal revasculari- 
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Fig 4.—Serial postoperative arteriograms showing external iliac 
‘autograft used for left renal artery replacement. Top, Before sur- 
gery. Middle, Five years after surgery. Bottom, Ten years after 
surgery. 


zation: (1) It is an arterial graft. (2) The nearly equal size 
of the internal iliac artery and the renal artery in both 
children and adults facilitates an accurate end-to-end 
anastomosis. (8) The internal iliac artery usually termi- 
nates in a major bifurcation or trifurcation, a distinct ad- 
vantage when a reconstruction is required for a kidney 
supplied by multiple renal arteries, or when removing le- 
sions that involve renal artery branches. (4) The iliae ar- 
teries are readily accessible in the same operative field as 
that required for a renal artery reconstruction. Removal 
of the internal iliac artery does not require repair of the 
defect at the donor site, because collateral blood flow be- 
tween the iliac systems is abundant, and there have been 
no complications observed in these patients following pro- 
curement of one internal iliac artery. Two patients have 
undergone normal pregnancies and spontaneous vaginal 
deliveries, following unilateral aortorenal internal iliac 
artery autograft repair. (5) Growth of arterial autografts, 
when implanted in the growing child, keeps pace with the 
somatic growth of the host. (6) The autogenous iliac artery 
is durable as an aortorenal graft, as demonstrated by the 
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results in this study (Fig 4). 

The major contraindication to the use of an arterial au- 
tograft is the presence of atherosclerotic disease in the do- 
nor artery. Atherosclerosis is rarely present in the young 
patients with fibromuscular dysplasia, the process that 
represents the majority of the stenoses in this report and 
is a frequent cause of renal artery stenosis in other 
series.''!* In two instances in this series, the external iliac 
artery was suitable as an autograft when the internal iliac 
artery had moderate atherosclerosis present. Although the 
use of the common and external iliac arteries requires re- 
placement of the defect created at the donor site, no com- 
plications have been observed in the six patients in whom 
Dacron grafts were used to replace the excised iliac artery 
segment. 

One aortorenal autograft thrombosed due to a technical 
cause, and the patient remained hypertensive until subse- 
quently improved by nephrectomy. Only one other patient 
failed to improve following renal artery reconstruction. In 
this patient stenosis of a polar artery branch was evident 
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Fig 5.—Arteriogram of internal iliac autograft used for right renal 
artery replacement in a 4-year-old boy, one year after surgery. 


Fig 6.—Arteriogram of internal iliac autograft used for right renal 
artery replacement in boy seen in Fig 5, seven years after sur- 
gery. Note mild dilation of autograft. 





on a follow-up arteriogram and has not as yet been treated. 
All of the remaining patients were either cured or 
improved. The subsequent conversion of some cured 
patients to an improved status and, conversely, of some 
improved patients to a cured status is noted, but the cause 
for these changes is not apparent from this study. Notably, 
all of the six children have remained normotensive while 
undergoing active somatic growth. Of the 47 grafts, one 
exhibited mild poststenotic dilation, the cause of which is 
speculated to be secondary to a relatively fixed renal artery 
orifice in an aorta exhibiting somatic growth (Fig 5 and 6). 
Experience in one case suggests that, for end-to-side 
anastomosis, the “cobrahood” technique would provide an 
orifice exceeding the size required during the child’s 
growth. 


References 
° 
1. Stoney RJ, Wylie EJ: Arterial autografts. Surgery 67:18-25, 1970. 


2. Wylie EJ: Vascular replacement with arterial autografts. Surgery 
57:14-21, 1965. 


Aortorenal Arterial Autografts—Lye et ql 


3. Wylie EJ, Perloff DL, Stoney RJ: Autogenous tissue revascularization 
— in surgery for renovascular hypertension. Ann Surg 170:416-428, 
1969. 

4. Dean RH, Wilson JP, Burko H, et al: Saphenous vein aortorenal by- 
pass grafts: Serial arteriographic study. Ann Surg 180:469-478, 1974. 

5. Stanley JC, Ernst CB, Fry WJ: Fate of 100 aortorenal vein grafts: 
Characteristics of late graft expansion, aneurysmal dilatation and stenosis. 
Surgery 74:931-944, 1973. 

6. Foster JH, Dean RH, Pinkerton JA, et al: Ten years experience with 
the surgical management of renovascular hypertension. Ann Surg 177:755- 
766, 1973. 

7. Kincaid OW, Davis GD, Hallermann FJ, et al: Fibromuscular dys- 
plasia of the renal arteries: Arteriographic features, classification, and ob- 
servations on natural history of the disease. Am J Roentgenol Radium Ther 





Nucl Med 104:271-282, 1968. 

8. Meaney TF, Dustan HP, McCormack LJ: Natural history of renal arte- 
rial disease. Radiology 91:881-887, 1968. 

9. Sheps SG, Kincaid OW, Hunt JC: Serial renal function and angiograph- 
ic observations in idiopathic fibrous and fibromuscular stenoses of the renal 
arteries. Am J Cardiol 30:55-60, 1974. 

10. Stewart BH, Dustan HP, Kiser WS, et al: Correlation of angiography 
and natural history in evaluation of patients with renovascular hyperten- 
sion. J Urol 104:231-238, 1970. 

11. Ehrenfeld WK, in discussion, Stanley JC, Ernst CB, Fry WJ: Fate of 
100 aortorenal vein grafts: Characteristics of late graft expansion, aneu- 
rysmal dilatation, and stenosis. Surgery 74:931-944, 1973. 

12. Perloff D, Sokolow M, Wylie EJ, et al: Renal vascular hypertension, 
further experiences. Am Heart J 74:614-631, 1967. 


Discussion 


JAMES C. Fucus, MD, Durham, NC: A very important issue is at 
stake, namely, the problem of the ideal graft tissue. 

In dealing with autologous or living tissue we have the very ba- 
sic issue of the metabolism of the tissue itself. This is important; 
at Duke University we have been working with autologous vein 
and artery tissues in experimental models and have been observ- 
ing their lipid metabolism. We are encouraged by the observation 
that the hyperplastic lesion seen so frequently in the venous graft 
is very similar to that that can be produced in the experimental 
atherosclerosis models. 

We found through study of the synthesis of complex lipids and 
fatty acids that are incorporated into the lipids that vein tissue is 
very different from artery tissue. Vein tissue tends to form tri- 
glycerides rather than polar lipids on this very basic level. The 
interesting thing is that vein tissue, when it is transplanted, re- 
mains metabolically as a vein and does not take on the character- 
istics of the artery. 

As we begin to study the future of this particular problem we 
need to consider the metabolic aspects, and I hope through exten- 
sion of our studies we will be able to offer some elucidation on this 
problem. In the meantime, the excellent clinical results that Dr 
Lye and his coinvestigators have described certainly support very 
strongly the use of an artery to replace an artery. 

JOHN H. Foster, MD, Nashville, Tenn: In previous years when 
Dr. Wylie or Dr. Stoney have discussed presentations of saphenous 
veins used in renal artery reconstructions, they presented their 
preference for the use of the hypogastric or internal iliac artery, 
but the thing that was lacking was the late observations, the late 
arteriographic follow-up. They have now provided this informa- 
tion in some 22 patients with this type of arterial autograft, and I 
must say the results are most impressive. 

One feature that is especially impressive is the 98% good blood 
pressure response they have reported and I think this must speak 
well for their patient selection. They did not have time to mention 
how these patients were selected for this type of arterial recon- 
struction, but perhaps they will comment in closing. 

We now have patients with some 158 saphenous veins that have 
been used to construct aortorenal bypasses with a one- to ten-year 
arteriographic follow-up in some 82 of these. Many of these pa- 
tients have had three or four follow-up arteriograms extending up 

*to ten years. As reported last year at the American Surgical Asso- 
ciation, about 20% of these saphenous veins undergo expansion, a 
uniform longitudinal expansion, and two of the grafts have devel- 
oped frank aneurysmal changes. However, both patients with 
these grafts have continued to do well as far as their blood pres- 
sure response is concerned, and even though the graft is aneu- 
rysmal in size, as defined by a greater than 50% increase in lumi- 
nal diameter (I guess the hypogastric artery in the child in their 
presentaton would fit greater than 50% expansion), there has been 
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no further trouble, and we have not had to remove the grafts. We 
are following up these patients. 

Two of the 82 vein grafts with long-term arteriographic follow- 
up have developed suture line stenosis. So as far as significant de- 
terioration of our vein grafts, they number four out of 82, which is 
just a bit less than 5%. 

We have had experience with the use of the hypogastric artery 
in renal arterial reconstructions in only six patients. We have im- 
planted one graft in an 8-year-old child, previously described, who 
has developed aneurysmal change. This was a hypogastric artery 
implanted into the left renal artery. 

Dr Lye and his associates mentioned the use of the iliac artery 
as an aortorenal graft in the patients with atherosclerosis. I would 
like to ask what their experience has been with doing endarterec- 
tomy on the hypogastric artery in preparing it for use as an aor- 
torenal graft? 

The other interesting feature of the presentation is the fact 
that the arterial autografts have grown, as they say, in pace with 
the child, and I think this is a most important observation. One of 
the autografts may have grown too much. The choice of graft ma- 
terial to use in a child remains an unsettled and troublesome prob- 
lem in my opinion. 

Wium J. Fry, MD, Ann Arbor, Mich: Two years ago when we 
reported our experience with autologous saphenous vein grafts for 
replacement of the disease of the renal artery, we did this to point 
out that long-term complications can occur. I am very pleased that 
this may have helped stimulate others to follow up their patients 
more carefully than they had in the past. Perhaps it would be im- 
portant to bring you up to date on our series. 

Between 1960 and December of 1974 we have utilized 167 aor- 
torenal autologous saphenous vein grafts, and every patient, ex- 
cept one, has been studied arteriographically after surgery. Of 
167, a total of 126 have been studied over a long period of time, the 
mean time being 38 months. Out of that group there were six an- 
eurysms. There have been no new aneurysms since our report two 
years ago, and there have been eight stenoses, two more than we 
reported two years ago. 

One stenosis was in a patient in whom we attempted to use a 
smaller vein than was suitable, and ultimately this graft had to be 
redone because of persistent hypertension. The other was our only 
stenosis at a suture line from this entire series. We believe that 
was technical in nature. 

It probably is important to mention children. We now have 26 
children as patients and have added five more vein grafts in four 
children since our reported experience with the pediatric age 
group. In our original report we mentioned three aneurysms. 
These have all been followed up. They have not extended and we 
have no new aneurysms or stenoses to report in this group of chil- 
dren. 
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The vein grafts have extended slightly as the children have 
grown, as was stated in the paper just read, and we believe that 
they have continued to be a very satisfactory conduit. 

We get immediate postoperative arteriograms before the pa- 
tient leaves the hospital, and a number of our grafts, when com- 
paring them with the late postoperative result, show some expan- 


sion, about 11% or less of the diameter of the vessel. We do not 


think this problem represents a degenerative process, but include 
it for the sake of completeness in our initial report. 

We believe that one reason we have not run into further diffi- 
culty with the equalization of autologous saphenous veins is the 
careful procurement of these veins. Also, due to the studies of Dr 
Stanley of our group and others, we believe that these vein grafts 
should be preserved in heparinized cold blood after they are re- 
moved from the groin and before they are sutured into the aor- 
torenal vein. 

With these two adjuncts, we believe it is evident that our vein 
grafts are not in jeopardy and we are pleased with our results. 
Our long-term complication rate is about the same with vein 
grafts as those reported with autologous arteries. 

I, too, have the same question that Dr Foster had for the au- 
thors. I want to compliment them on their very fine results in the 
treatment of hypertension and wonder if they would not care to 
comment on their selectivity. 

VincENT A, PicconE, MD, Brooklyn, NY: In J anuary, Dr Stoney 
from Tennessee reported that aortocoronary bypass grafts con- 
structed from segments of autogenous radial artery often become 
occluded; that these autogenous artery grafts degenerated, 
showed subintimal proliferation, and frequently became throm- 
bosed. Now, Dr Stoney from California is telling us that free arte- 
rial autografts provide a superior material for aortorenal bypass 
grafts. 

The question of materials for grafting is important. Why does 
autogenous artery tissue occlude in the aortocoronary position and 
provide long-term patency in the aortorenal position? Why does. 
autogenous vein tissue become narrowed from subintimal prolif- 
eration in the aortocoronary position and develop aneurysmal di- 
lation in the aortorenal configuration? Could the authors comment 
on these questions and on whether they think this is related to 


_ preservation, differences in flow, or to differences between the ar- 
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teries and the veins themselves? 


_ Dr. Wyr: Dr. Fuch’s initial comments point the way for much- 
needed future research. Although our evaluation of the long-term 
behavior of these grafts is limited to arteriographic assessment, 
the real answer should come from more sophisticated metabolic 
studies. This applies also to evaluation of the preservation mecha- 
nisms used in the interval between removal of the graft, either 
vein or artery, and its implantation in the new site. Until this in- 
formation is forthcoming, we are unlikely to find the answer to Dr 
Piccone’s final question. 

We are aware of the fate of the radial artery autografts used 
for aortocoronary bypass operations. There has been recent 
neurosurgical interest in the use of these grafts in extracranial- 
intracranial bypass operations. The reasons for failure of these 
grafts, when compared to the demonstrated success of iliac artery 
grafts, remain obscure. 

Dr Foster asked about patient selection. We have not changed 
our selection criteria since we first reported our earlier results to 
the American Surgical Association some years ago. The primary 
criterion has been the arteriographic demonstration of a renal ar- 
tery lesion. The autogenous iliac grafts have been used almost ex- 
clusively in patients with fibromuscular dysplasia. These patients 
are mostly young women with recent onset of hypertension. Judg- 
ing from our operative results, it would appear that other causes 
of hypertension in patients with this profile are rare. Patients 
with normal intravenous urograms and normal split function tests 
are in the group that underwent surgery, along with those consid- 
ered cured after surgery. We are obtaining renal vein renin data 
on all patients for future analysis. 

Dr Foster’s questions regarding atherosclerosis are pertinent in 
two respects. The hypogastric artery appears to be virtually the 
first artery to succumb to atherosclerosis. We have seen athero- 
sclerotic lesions in the hypogastric arteries of women in their 30s 
who had no lesions in other arteries. At first we removed the ath- 
eroma by endarterectomy and used them as grafts. Currently, we 
prefer using an undiseased external iliac artery. 

We do not use arterial autografts for patients with atheroscle- 
rotic renal artery disease. For these operations transaortic renal 
endarterectomy has been the preferred technique. 
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Significance of Macroaneurysms Exclusive of Dissections 


and Fibrodysplastic Mural Dilations 


James C. Stanley, MD; E. Leeon Rhodes, MD; Bruce L. Gewertz, MD; 
_ Cheng Y. Chang, MD; Joseph F. Walter, MD; William J. Fry, MD 


e Seventy-two patients (39 females and 33 males), 9 to 84 
years in age, exhibited a total of 94 renal artery macro- 
aneurysms. Solitary aneurysms affected 53 patients, and 
multiple aneurysms occurred in 19 patients. Arteriosclerotic 
changes, observed in nearly 30% of aneurysms, were considered 
secondary rather than primary processes in most instances. Re- 
nal artery fibrodysplasia was an associated finding among 27 
patients. In 57 hypertensive patients, evidence supportive of re- 
nal artery aneurysms contributing to elevated blood pressure 
was meager. Two patients experienced frank aneurysmal rup- 
ture. Covert rupture into renal veins occurred twice. Aneurys- 
mectomy was performed on 31 occasions. Nephrectomy, partial as 
well as total, was performed 17 times. No operative mortality oc- 
curred. Potential for rupture and an association with functionally 
important renal artery stenoses support surgical intervention in 
selected patients with renal artery macroaneurysms. 

(Arch Surg 110:1327-1333, 1975) 


enal artery aneurysms represent an unusual vascu- 
lar disease. Numerous reviews and clinical reports 
have increased the awareness of these unique aneu- 
rysms.'-* Considerable confusion persists concerning their 
incidence, cause, and clinical importance. The precise rela- 
tion of renal artery aneurysms to elevated arterial blood 
pressure remains a most controversial topic. Seventy-two 
patients with renal artery macroaneurysms encountered 
at the University of Michigan Medical Center form the 
basis for the present report. Nineteen of these cases were 
subjects of two earlier publications. Primary renal 
artery dissections, traumatic renal artery aneurysms, fi- 
brodysplastic aneurysmal dilatations, microaneurysms as- 
sociated with collagen disorders, and aneurysmal arterio- 
venous malformations were excluded from this study. 
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CLINICAL EXPERIENCE 


Ninety-four macroaneurysms of the renal artery were docu- 
mented in 39 females and 33 males. Females ranged in age from 
13 to 84 years (46.3 + 17.7 [mean + 1 SD]), and males ranged in 
age from 9 to 72 years (52.9 + 13.6). Solitary aneurysms (Fig 1) oc- 
curred in 58 patients (34 right-sided, 19 left-sided). Multiple aneu- 
rysms (Fig 2) were observed in 19 patients (12 bilateral, 5 right- 
sided, 2 left-sided). Ninety-three percent of the aneurysms were 
saccular, with fusiform aneurysms comprising the remainder. An- 
eurysm diameters varied from 3 to 55 mm. Saccular lesions (mean 
size, 13 + 8 mm) tended to be larger than fusiform aneurysms 
(mean size, 7+ 5 mm), although statistical differences were not 
evident. ; 

Seventy-five percent of saccular aneurysms were located at pri- 
mary or secondary renal artery bifurcations. Only nine saccular 
aneurysms involved the main renal artery. Two thirds of these 
lesions affected the distal artery near its bifurcation. Intrapa- 
renchymatous locations were suspected in less than 10% of cases. 
Fusiform aneurysms did not involve bifurcations and were 
equally distributed within the renal artery. 

Microscopic changes within the aneurysmal wall facilitated 
categorization of lesions into two distinct types. The first, and 
most common, seemingly represented a medial degenerative pro- 
cess. Histologic changes in these lesions appeared similar to those 
occurring in fusiform mural dilations associated with arterial fi- 
brodysplasia.'* Excessive collagen and ground substance, scarcity 
of elastic tissue, and loss of smooth muscle characterized these le- 
sions (Fig 3). Internal elastic lamina fragmentation was occasion- 
ally noted as it passed through the orifice of the aneurysmal sac 
(Fig 4). The second group of aneurysms exhibited severe arterio- 
sclerosis. Calcium deposits and cholesterol clefts within a matrix 
of fibrous tissue typified these lesions (Fig 5). Arteriosclerotic 
changes were irregularly located within most aneurysms. Inter- 
vening areas were typified by thin, collagenous sac walls (Fig 6). 
Severe arteriosclerosis of the adjacent renal artery was rare. 
Laminated thrombus within aneurysms was an unusual finding, 
and complete thrombotic occlusion was not observed in this series. 


Associated Vascular Disease 


Arterial fibrodysplasia affected the renal arteries of 23 female 
and four male patients. Distant dysplastic lesions in extracranial 
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Fig 1.—Small saccular aneurysm at renal artery bifurcation. An- 


eurysms ranged from 3 to 55 mm in diameter (mean, 13 mm). 
Solitary lesions affected 74% of patients. 


cerebral arteries occurred in three of these patients.” Medial fi- 
brodysplasia (stenotic areas alternating with mural thinning) was 
usually the associated lesion. Eighty-nine percent of patients hav- 
ing renal artery fibrodysplasia had proved renovascular hyperten- 
sion. 

Arteriosclerosis of renal arteries adjacent to aneurysms was an 
unusual finding, although 27 individuals exhibited arteriosclerotic 
changes within their aneurysms. Four patients having multiple 
aneurysms had calcific arteriosclerosis in some but not all lesions. 
Distant arteriosclerotic vascular disease, primarily of the coro- 
nary and aortoiliac arteries, was present in more than half the pa- 
tients. 

Aneurysms of extrarenal muscular vessels occurred in five cases. 
One patient had femoral artery aneurysmal disease. Four others, 
three females and one male, had splenic artery aneurysms. Renal 
artery dysplastic stenoses and systemic hypertension affected two 
females. The third female patient had neither of these diseases, 
but had completed ten pregnancies. Grand multiparity was an oth- 
erwise uncommon occurrence among women with renal artery an- 
eurysms. 

Systemic arterial hypertension affected 79% of patients. Mean 
pressure at the time of aneurysm recognition in this subgroup was 
186 + 36/111 + 17 mm Hg. Duration of known hypertension aver- 
aged 81 months. Renovascular hypertension subsequent to fibro- 
dysplastic renal artery stenoses accounted for 42% of these cases. 
Arteriosclerotic renovascular hypertension was implicated in 10% 
of the hypertensive patients. Significant differences in blood pres- 
sures could not be demonstrated among patients having solitary 
vs multiple aneurysms, or between those with and without fibro- 
dysplastic arterial lesions. 


Clinical Manifestations 


Renal artery aneurysms were asymptomatic in 82% of patients. 
Overt aneurysmal rupture occurred twice (2.8%). Abdominal and 
flank pain accompanied rupture. These lesions had previously 
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Fig 2.—Multiple aneurysms (three) at renal artery branchings. 
Saccular lesions accounted for 93% of aneurysms and occurred 
at primary or secondary renal artery bifurcations in 75% of cases. 


been asymptomatic. Arteriovenous fistulas, attributed to covert 
erosion of an aneurysm into an adjacent vein, occurred in two ad- | 
ditional patients, both of whom had multiple asymptomatic aneu- 
rysms (Fig 7). 

Nine patients with intact renal artery aneurysms described 
pain compatible with renal origin. Aneurysmal expansion, com- 
pression of nearby structures, or renal infarction from dislodged 
thrombus could account for this symptom. Hematuria and abdom- 
inal bruits were often attributed to these lesions. Like abdominal 
discomfort, these findings were never clearly associated with an- 
eurysmal disease. Convincing evidence that aneurysms by them- 
selves contributed directly to hypertension was found in only 
three cases. Renal infarcts, suggesting earlier embolization from 
proximally situated thrombus-containing aneurysms, were noted 
in these cases. 

Arteriographic or gross histologic verification of an aneurysm’s 
existence was prerequisite to inclusion in this study. Renal artery 
aneurysm was first suspected following observation of signet-ring 
calcifications on a plain roentgenogram of the abdomen in 17% of 
patients. Intravenous urography performed for disorders unre- 
lated to aneurysms led to recognition of these lesions in an 
additional 14% of the cases. Arteriographic examinations for 
suspected nonaneurysmal renal disease (eg, renovascular hyper- 
tension, mass lesion, hematuria) demonstrated unanticipated an- 
eurysms in 51% of patients. Renal artery macroaneurysms were 
incidental findings at the time of arteriography for nonrenal dis- 
ease in eight (11%) instances. « 


Management 


Forty-four patients in the present series underwent a total of 
49 operations related to renal artery aneurysmal disease. There 
was no operative mortality. Indications for surgical intervention 
were considered in light of the presence of renovascular hyperten- 
sion in all but eight patients. Certain patients who were suspected 
of having renovascular hypertension had stenotic lesions that 
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Fig 3.—Excessive collagen and accumulation of ground sub- 
stance with loss of smooth muscle characterized most aneu- 
rysmal walls (Movat, original magnification x 40). 


were not obvious on preoperative roentgenographic studies but 
were subsequently found at the time of operation. Among eight 
patients not having renovascular hypertension were two with 
frank aneurysmal rupture. Others were considered surgical candi- 
dates because of the concern that progression of disease might 
eventuate in aneurysmal rupture. 

Aneurysmectomy was performed on 31 occasions. In ten in- 
stances this entailed local excision with primary arterial closure. 
Local angioplasty with autogenous vein or prosthetic material was 
combined with aneurysmectomy in seven other instances. Coinci- 
dent with aneurysmectomy, 11 patients were subjected to inter- 
position or aortorenal grafts with autogenous as well as synthetic 
prosthetic materials. Segmental resection of an aneurysm was 
performed on three occasions. Reconstruction was accomplished 
by end-to-end anastomosis twice and by reimplantation once. One 
aneurysm was reinforced with a prosthetic graft. Nephrectomy 
was performed 17 times, including partial nephrectomy twice. 
Little more than a decade ago, nephrectomy was a logical and ac- 
ceptable therapeutic modality for certain renal artery aneurysms. 
Currently, primary nephrectomy has appropriately fallen into dis- 
repute. No operative mortality occurred among any of the 44 pa- 
tients undergoing operation. We have yet to employ ex vivo trans- 
plantation in treating patients with renal aneurysms. 

Twenty-eight patients not subjected to surgical therapy have 
been followed for a total of 895 man-months. Development of 
symptoms or aneurysmal rupture has not occurred in this group. 
The mean duration of follow-up (32 months) in this nonoperated 
group does not suggest an immediate risk of rupture of the 
asymptomatic renal artery aneurysm. Excluding the presence of 
demonstrable renal artery stenotic lesions, these patients were re- 
markably similar to those who underwent operation. Twenty pa- 
tients in this group had severe hypertension. Furthermore, no 
apparent differences in arteriographic characteristics of individ- 
ual aneurysms existed among these patients compared to those 
- treated by operation. 
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Fig 4.—Interruption of internal elastic lamina (arrow) demon- 
strated at orifice of saccular aneurysm. Defects in elastic lamella 
have been related to pathogenesis of renal artery aneurysms 
(Movat, original magnification x 60). 


COMMENT 

Clinical importance of renal artery aneurysms varies 
according to the specific lesion being described. Four 
categories of renal artery aneurysms are recognized: (1) 
fusiform aneurysmal dilatations associated with medial 
fibrodysplastic disease, (2) aneurysmal dissections, either 
primary with indeterminate pathogenesis or secondary 
following trauma, (3) microaneurysms that are usually the 
result of arteritis associated with polyarteritis nodosa, 
and (4) macroaneurysms of undetermined causes. Natural 
histories of these aneurysms are distinctly dissimilar, and 
attempts to generalize on their character are inappro- 
priate. Many misconceptions regarding renal artery aneu- 
rysms are a direct result of the failure to differentiate be- 
tween these various subgroups. Only three reports in the 
English literature of renal artery macroaneurysms affect- 
ing more than 25 patients from individual institutions 
have preceded the present study. >" The potential to 
further an understanding of this disease by assessing a 
single clinical experience with 72 patients provided the 
impetus for the present report. 

The precise incidence of renal artery macroaneurysms is 
yet to be defined. Renal artery aneurysms are rarely dis- 
covered during routine necropsy examinations," where 
unusual attention to distal renal vessels is uncommon. One 
unique postmortem arteriographic investigation disclosed 
renal artery saccular aneurysms in 9.7% of unselected au- 
topsies.’* Some of these small lesions (mean diameter, 5.6 
mm; range, 2 to 10 mm) would not have been recognizable 
in the course of conventional antemortem clinical studies. 
Data generated by either autopsy studies or selected arte- 
riographic assessments are highly suspected in regard to 
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Fig 5.—Calcium deposition and cholesterol clefts within matrix of 
fibrous tissue were typical of many larger renal artery aneurysms 
(hematoxylin-eosin, original magnification x 40). 


the actual incidence of these lesions. Aneurysms were ver- 
ified in 0.7% of renal arteriographic studies at another 
institution,” and were demonstrated in 2.5% of patients 
undergoing arteriography as part of a hypertensive eval- 
uation at our institution. Our report of renal artery macro- 
aneurysms in 9.2% of adults with renal artery fibrodys- 
plasia emphasizes the importance of patient selection in 
determining frequencies of these lesions. Incidental ar- 
teriographic demonstration of aneurysms occurred in eight 
of approximately 8,500 patients subjected to studies for 
nonrenal disease at this institution. The approximate fre- 
quency of 0.09% derived from this experience may be an 
accurate reflection of the true incidence of these mac- 
roaneurysms in the normal population that is recognizable 
by contemporary diagnostic methods. 

Available evidence is supportive of both congenital and 
acquired factors in the pathogenesis of renal artery macro- 
aneurysms. Preexisting defects in the internal elastic la- 
mina and deficiencies of smooth muscle cells at branchings 
of the artery may be prerequisite to the evolution of these 
lesions. The intact elastic lamella has been considered an 
important structure in resisting intraluminal forces.” Dis- 
continuity of the internal elastic lamina has been reported 
to be common in cerebral arteries of patients with intra- 
cranial aneurysms.” These defects appear to be congeni- 
tal, but an increase in their number with age indicates the 
importance of other factors.” Aneurysmal dilations may 
be attributed to such abnormalities in renal arteries, al- 


a though confirmation of similar defects has not been forth- 


coming. 

The unusually high incidence of renal artery macro- 
aneurysms associated with medial fibrodysplasia may be 
more than coincidence. Fragmentation and disruption of 
elastic tissue with loss of smooth muscle may leave little 
more than a thin layer of collagenous connective tissue. 
Increases in aneurysms encountered among patients with 
renovascular hypertension secondary to dysplastic ste- 
noses, in comparison to those with arteriosclerotic ste- 


af 3 _ noses, supports the association of these lesions. Abnormal- 
-~ ities of the media occurring with neurofibromatosis may 


also influence aneurysmal development in susceptible pa- 
tients.” Neurofibromatosis affected two patients in the 
present series. 

The relation of elevated blood pressure to renal artery 
macroaneurysms appears to be more than coincidental. 
Despite preselection of patients suspected of renal artery 
occlusive disease in the present series, an incidence of hy- 
pertension equaling 79% can not be casually dismissed. 
Even among patients studied for nonrenal disease, hyper- 
tension was present in more than half the cases. Conse- 


Fig 6.—Fibrocollagenous aneurysm walls, with loss of all normal 


| architecture, frequently alternated with areas exhibiting arterio- 


sclerotic changes (hematoxylin-eosin, original magnification 


x 40). 
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Fig 7.—Left, Intact superior pole saccular aneurysm demonstrated 
by selective renal arteriography. Right, Later arteriogram con- 
firming lower pole aneurysm with erosion into adjacent vein and 


quences of increased mural tension and flow on the struc- 
tural integrity of the renal artery cannot be unequivocally 
identified with aneurysmal development. On the other 
hand, physical forces, especially in the presence of pre- 
existing medial defects, should predictably enhance evolu- 
tion of renal aneurysms in a fashion similar to that attrib- 
uted to intracranial aneurysmal development.” 

Arteriosclerosis has been implicated in the pathogenesis 
of renal artery aneurysms. Arteriosclerotic involvement 
of renal vessels is less common and less severe than that 
occurring in other segments of the arterial circulation.” 
Furthermore, it is unusual for arteriosclerosis to affect 
preferentially distal renal artery vessels, where most 
macroaneurysms occur. However, medial thinning is part 
of the pathologic process associated with more superficial 
arteriosclerotic lesions,’ and may occasionally occur in 
areas of turbulent flow about renal artery bifurcations as 
a precursor to aneurysmal dilation. 

Arteriosclerosis appears to be a secondary process rath- 
er than an inciting cause of most renal artery macro- 
aneurysms. Arteriosclerotic changes occurring in some 
but not all aneurysms in patients having multiple lesions 
was evident in the present study and has been described 
by others.” This suggests a nonarteriosclerotic cause of 
these lesions. Occurrence of an arteriosclerotic renal 
artery aneurysm in a young, premenopausal female with- 
out distant arteriosclerosis is not likely to be a mani- 
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arteriovenous fistulization. Covert aneurysmal rupture resulting in 
arteriovenous fistulas affected two patients. Frank rupture oc- 
curred in an additional two patients. 


festation of generalized disease. Mural thrombosis with 
subsequent fibroelastic organization rather than primary 
fibrocalciferous atheromas may account for some of these 
peculiarities. The role of secondary arteriosclerosis in a 
similar setting involving splenic artery aneurysms has 
been reported.” 

The clinical importance of renal artery macroaneurysms 
lies in establishing the morbidity attributable to intact 
aneurysms, their relation to arterial hypertension, and the 
risk of catastrophic rupture. Many manifestations of these 
lesions have been alluded to in earlier reports.*:*5:5-19.1 
The vast majority of renal artery aneurysms are asympto- 
matic. 

A cause-effect association of renal artery aneurysms to 
hypertension has been recently expressed by some au- 
thors.?:*:° Although uncommon, the potential exists for 
aneurysmal thrombus propagation to occlude an adjacent 
artery or to embolize, resulting in renal ischemia and 
renovascular hypertension. First reported more than 20 
years ago, this is perhaps the most accepted basis for 
these lesions causing hypertension.*' Ulceration of athero- 
matous plaques within large aneurysmal sacs may pre- 
dispose to such events. Smaller aneurysms without calcific 
arteriosclerosis are less likely sources of arterial occlu- 
sions. Compression of adjacent arteries and changes in the 
pulsatile character of blood flow beyond an aneurysm have 
been proposed as causes of renovascular hypertension. At- 
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tempts at verification of such phenomena have received 
little attention or support. Demonstration at the time of 
operation of stenotic lesions in the vicinity of an aneu- 
rysm, that were not visualized on preoperative arterio- 
grams, is disquieting. Because of this possibility, caution 
is advised in discounting existence of an occult occlusive 
lesion in hypertensive patients with aneurysms. This is 
partieularly true in patients having small distal aneu- 
rysms with nonarteriographic evidence of renal ischemia. 
Assessments of renal vein renin ratios and renal systemic 
renin indexes in patients with hypertension and isolated 
renal artery aneurysms may lessen the confusion sur- 
rounding this topic. Amelioration of hypertension follow- 
ing aneurysmectomy does not, however, authenticate the 
aneurysm as a cause of hypertension unless coexistent 
stenotic lesions can be excluded with certainty. A more 
causal approach to defining the relation between aneu- 
rysms and hypertension has resulted in the perpetuation 
of many misconceptions in the literature. 

Rupture of renal artery macroaneurysms represents a 
serious complication of these lesions. Rupture causing ex- 
sanguinating hemorrhage and loss of life does not appear 
to be as inevitable as previously implied.**:3? Loss of a kid- 
ney, as occurred in our experience, is perhaps a more com- 
mon but less often published sequel of rupture.‘ Dis- 
astrous exceptions occur, such as during pregnancy.” 

Renal artery macroaneurysms ruptured in 5.6% of our 
patients. Considering the increasing frequency with which 
these lesions are being discovered arteriographically, the 
incidence of rupture may subsequently be proved lower. 
Suffiee it to say that rupture of renal artery macro- 
aneurysms is decidedly uncommon. 

Inereased risk of rupture associated with aneurysms 
that are greater than 1.5 cm in diameter, noncalcified, and 
found in hypertensive patients is a logical but unproved 
contention. Frank rupture in the present series affected 
two men in their seventh decade of life, who were normo- 
tensive at the time of this event. Furthermore, the two 
cases of arteriovenous fistulas resulting from covert aneu- 
rysmal rupture were associated with marked calcific ath- 
eroselerosis. Aneurysm size of 1.5 cm would seem to be of 
limited value as an indicator of future rupture. Lesions of 
this size are not uncommon. Indeed, 35% of aneurysms in 
the present series were 1.5 cm or larger. 

Indications for operative intervention do not lend them- 


selves to rigid definition. Symptomatic patients with sus- 
pected aneurysmal expansion are obvious operative candir 
dates. Similarly, aneurysms occurring with functionally 
important renal artery stenoses should be treated oper- 
atively. Excision of aneurysms is reeommended when they 
are demonstrated to harbor a thrombus, particularly if 
distal embolization is evident, and in those instances 
where altered flow in adjacent vessels with objective evi- 
dence of renal ischemia exists. Because of the catastrophic 
results of rupture during pregnancy, operative interven- 
tion for these lesions should be provided for all women of 
childbearing age likely to conceive in the future. Patients 
not subjected to operation must be followed carefully. Se- 
rial arteriograms to document the status of the aneurysm 
as well as the distal renal circulation are appropriate. 
Particular attention in controlling hypertension, if pres- 
ent, deserves emphasis. 

Detailed descriptions of operative techniques employed 
in the treatment of these aneurysms have been published 
from this institution and by others.**:!*'* The objective of 
surgical therapy is removal of the aneurysm without loss 
of renal tissue or compromise of normal renal blood flow. 
Nephrectomy is an untenable therapeutic modality unless 
all other operative efforts fail, including ex vivo aneu- 
rysmectomy. Many large aneurysms may be excised with 
primary closure of the renal artery. Excision of smaller 
aneurysms usually requires local angioplastic closure of 
the vessel with a vein patch or some similar graft mate- 
rial. Renal artery reconstructions with autogenous sa- 
phenous vein grafts in patients with certain bifurcation 
aneurysms or lesions associated with functionally impor- 
tant stenoses are preferred over segmental resections or 
complex arterioplastic reconstructions. Aneurysmal ero- 
sion into adjacent veins with arteriovenous fistulization, if 
chronic, may necessitate partial nephrectomy. Acute arte- 
riovenous fistulas may occasionally be treated by more 
conventional means with local excision. Intraparenchymal 
location precludes this alternative. Cautious surgical in- 
tervention in properly selected patients with renal artery 
macroaneurysms is justified because of the small but un- 
predictable incidence of rupture and the frequent associa- 
tion with functionally important renal artery occlusive 
disease. 


This investigation was supported by the University of Michigan Periph- 
eral Vascular Research Fund. 
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Discussion 


CALVIN B. Ernst, MD, Lexington, Ky: This careful study is an 
important contribution to the vascular surgical literature. 

Many would agree that hypertensive patients having renal ar- 
terial aneurysms and elevated renin values from the affected side 
should undergo renal revascularization and resection of the aneu- 
rysm. Also, those few patients in whom the aneurysm is an em- 
bologenic focus deserve operation. 

Treatment of asymptomatic renal arterial aneurysms, however, 
is controversial. One must balance the risks of operative mortality 
and morbidity, including that of nephrectomy, vs the natural his- 
tory of untreated renal arterial aneurysms. As the authors have 
pointed out, the risk of rupture is very low, and the attendant 
mortality similarly minimal. Slightly more than one third of the 
patients reported underwent nephrectomy. In how many in- 
stances was nephrectomy performed for asymptomatic aneu- 
rysms when the primary objective of operative therapy was renal 
revascularization? This is an index of operative morbidity. 

I would also ask the authors to spell out more specifically what 
criteria we should follow for operative therapy of asymptomatic 
renal arterial aneurysms identified during angiography. 

Epwin J. Wye, MD, San Francisco: The question just asked 
seems to be particularly pertinent. Our knowledge of the natural 
history of renal artery aneurysms comes almost entirely from the 
urologic literature and is based on observations of patients whose 
aneurysms have produced symptoms. The commonly accepted in- 
dications for surgery of renal artery aneurysms are thus based on 
skewed data. In our own institution, arteriography to screen po- 
tential donors of kidneys and abdominal aortograms for other 
purposes have produced a high yield of asymptomatic renal aneu- 
rysms, most of which have not been operated on. It has been our 
impression that later complications from aneurysm rupture are 
rare. I suspect that a large number, perhaps most, of asympto- 
matic renal artery aneurysms can be safely managed expectantly. 

I would like to ask Drs Stanley and Fry, who will be collecting a 
darge series, if they would endorse some form of a randomization 
study to provide a clearer picture of the natural history of asymp- 
tomatic renal aneurysms and more valid criteria for the selection 
of surgical candidates. 

Dr STANLEY: The questions raised by Drs Ernst and Wylie con- 
cerning asymptomatic aneurysms are quite important and war- 
rant our attention. Encounters with bland renal artery macro- 
aneurysms are infrequent, and rupture of these lesions is an even 
rarer event. There is no evidence to support the contention that all 
asymptomatic aneurysms be excised because of potential life- 
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threatening rupture. Aneurysmectomy, in an effort to prevent loss 
of a kidney should rupture occur, is a more logical but still unsub- 
stantiated tenet. Nephrectomy has not been performed for iso- 
lated bland renal artery aneurysms during the past decade at our 
institution. Previously, when nephrectomy was a more acceptable 
mode of therapy, kidneys had been removed. Nephrectomy has 
also been performed within the past ten years in patients with 
distal renal infarctions and in a number of instances of coexisting 
extensive occlusive renal artery disease. Among a total of 236 pa- 
tients in whom renal revascularization, not aneurysmectomy, was 
the objective of therapy, primary nephrectomy was performed on 
only six occasions. At the University of Michigan, we advise oper- 
ation for asymptomatic aneurysms that are 1.5 cm or greater in 
diameter. One could, however, make a reasonable case for con- 
servative management of these small lesions. It should be appar- 
ent that if one removes an occasional kidney in attempting to 
treat the asymptomatic aneurysm, the operative risk in terms of 
kidney loss approaches that existing if the aneurysm were left 
unattended. 

No prospective studies are available describing the natural his- 
tory of isolated renal artery macroaneurysms. Most aneurysms 
operated on in our experience were associated with arterial fibro- 
dysplastic or arteriosclerotic stenoses that in and of themselves 
were reason enough for surgical intervention. Although we are 
continuing to follow a number of patients with renal artery macro- 
aneurysms who for a variety of reasons were not considered oper- 
ative candidates, it is unlikely that this experience will actually 
allow us to accurately define the prognostic importance of bland 
aneurysms. Unfortunately, renal artery macroaneurysms are too 
uncommon to expect statistically valid conclusions to be forthcom- 
ing for many years from a randomized prospective study at any 
one given institution. 

It should be noted that the presence of arteriosclerotic calcifica- 
tion within an aneurysm does not imply that it is less of a threat 
to a patient’s health than might otherwise be the case. Not only do 
calcified aneurysms rupture, but ulcerations within atheromatous 
plaques leading to peripheral embolization contribute substan- 
tially to the morbidity of these lesions. Operative intervention is 
the logical form of therapy in these later instances as well as 
when aneurysms are associated with functionally important renal 
artery stenoses. The present study does not support the casual un- 
dertaking of operation for the small, bland renal artery macro- 
aneurysm. 
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new clinical simulation on 
the control of life-threatening 
hypertibrinolytic hemorrhage 


Clinical 

simulations 

in 

the management of 
hyperfibrinolytic bleeding 


an introduction to AMICAR’ 
aminocaproic acid <a> 


A NEW EXPERIENCE IN CONTINUING EDUCATION 
This review of hyperfibrinolytic bleeding is both conceptual and 
practical. The complete unit encompasses the concepts involved in 


hyperfibrinolytic bleeding, an experience in clinical problem solving, 


and a recommended course of therapy. 

This program in continuing medical education meets the criteria 
for 2 hours of credit in category 5a for the Physicians Recognition 
Award of the American Medical Association. 


STUDY METHODOLOGY 

Analysis. Mr. O. has four-plus enlargement of the prostate. His 
specific medical history is given, as well as the general background 
of his condition. You will be asked to choose the appropriate tests — 
and based on the results — proceed to step two. 

Surgical Decision. Which shall it be? Transurethral resection? 
Suprapubic prostatectomy? Perineal? Retropubic? Choose by 
marking the decision box. The latent image color reactor will tell you 
if you were right or wrong. 


POSTOPERATIVE BLEEDING AND TREATMENT 

Prostate bed is irrigated. All is well until the second postop day. 
Patient has begun to hemorrhage. Now the simulation presents you 
with almost a dozen different approaches for control of it. You must 
choose. The tests. The chemotherapy. 
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Please have my Lederle representative bring 
CLINICAL SIMULATIONS IN THE MANAGEMENT 
OF HYPERFIBRINOLYTIC BLEEDING. 
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Mail to: Lederle Laboratories, 
C/o L. Carrafiello 
150 White Plains Road 
Tarrytown, N.Y. 10591 
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AMICA 


AMINOCAPROIC ACID 


INTRAVENOUS * TABLETS « SYRUP 





INDICATIONS: AMICAR has proved useful, in many instances, in the treatment of exces- 
sive bleeding which results from systemic hyperfibrinolysis and urinary fibrinolysis In life- 
threatening situations, fresh whole blood transfusions, fibrinogen infusions, and other 
emergency measures may be required. 

Systemic hyperfibrinolysis, a pathological condition, may frequently be associated with 
surgical complications following heart surgery (with or without cardiac bypass procedures) 
and portacaval shunt: hematological disorders such as aplastic anemia, abruptio placen- 
tae, hepatic cirrhosis, neoplastic disease such as carcinoma of the prostate, lung, stomach, 
and cervix. 

Urinary fibrinolysis, usually a normal physiological phenomenon, may frequently be 
associated with life-threatening complications following severe trauma, anoxia, and shock. 
Symptomatic of such complications is surgical hematuria (following prostatectomy and 
nephrectomy) or non-surgical hematuria (accompanying polycystic or neoplastic diseases 
of the genitourinary system). 

CONTRAINDICATIONS: AMICAR should not be used when there is evidence of an active 
intravascular clotting process. 
gi ered Safe use of AMICAR has not been established with respect to adverse effects 
up8n fetal development. Therefore, it should not be used in women of child-bearing poten- 
tial and particularly furing early pregnancy, unless in the judgment of the physician the 
otential benefits outweigh the possible hazards. 

RECAUTIONS: AMICAR aminocaproic acid has a very specific action in that it inhibits 
both plasminogen activator substances and, to a lesser degree, plasmin activity. The drug 
should NOT be administered without a definite diagnosis, and/or laboratory findings in- 

- dicative of hyperfibrinolysis (hyperplasminemia).” 

"Stefanini, M. and eshek. W.: The Hemorrhagic Disorders, Ed. 2, New York, Grune 
and Stratton, pp. 510-514, 1962. 

The use of AMICAR should be accompanied by tests designed to determine the amount 
of fibrireolysis present. There are presently available (a) general tests, such as those for 
the determination of the lysis of a clot of blood or plasma and (b) more specific tests for 
the study of various phases of fibrinolytic mechanisms. These latter tests include both 
semiquantitative and quantitative technics for the determination of profibrinolysin, fibri- 
nolysin, and antifibrinolysin. 

e Animal experiments indicate particular caution should be taken in administering AMICAR 
to pannis with cardiac. hepatic or renal diseases. 
emonstrable anima! pathology in some cases have shown endocardial hemorrhages 
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and myocardial fat degeneration. The use of this drug should thus be restricted to patients 
in whom the benefit hoped for would outweigh the hazard. Physicians are cautioned in 
the use of this product because of animal data showing rat teratogenicity and kidney 
concretions. 

Rapid intravenous administration of the drug should be avoided since this may induce 
hypotension, bradycardia and/or arrhythmia. 

Dne case of cardiac and hepatic lesions observed in man has been reported. The patient 
received 2 grams of aminocaproic acid every 6 hours for a total dose of 26 grams. Death 
was due to continued cerebral vascular hemorrhage. Necrotic changes in the heart and 
liver were noted at autopsy. 


if it is accepted that fibrinolysis is a normal process, potent aema at all times to - 
ibi 


ensure the fluidity of blood, then it must also be accepted that inhibition of fibrinolysis by 
aminocaproic acid may result in clotting or thrombosis. However, there is no definite evi- 
dence that administration of aminocaproic acid has been responsible for the few reported 
cases of intravascular clotting which followed this treatment. Rather, it appears that such 
intravascular clotting was most likely a result of the fibrinolytic disease being treated. 


$ 





it has been postulated that extravascular clots formed in vivo with ncorporated amino- 


caproic acid may not unao spontaneous lysis as do normal clots, However, it is the 
consensus of experts that t 
occurred in the absence of aminocaproic acid treatment. 


e few reported cases of extravascular clotting could have — 


ADVERSE REACTIONS: Occasionally nausea, cramps, diarrhea, dizziness, tinnitus, — 


malaise, conjunctival suffusion, nasal stuffiness, headache, and skin rash have been re- 
ported as results of the administration of aminocaproic acid. Only rarely has it been neces- 
sy to discontinue or reduce medication because of one or more of these effects. 
hrombophlebitis, a possibility with all intravenous therapy. should be guarded against 
by strict attention to the proper insertion of the needle and the fixing of its position. 
DOSAGE AND ADMINISTRATION: /N/T/AL THERAPY —An initial priming dose of 5 grams 


of AMICAR administered either orally or intravenously followed by 1 to 1% gram doses at — 


hourly intervals thereafter should achieve and sustain plasma levels of 0.130 mg./ml. of 
the drug. This is the concentration apparently necessary for the inhibition of systemic 
hyperfibrinolysis. Administration of more than 30 grams in any 24-hour period is 
not recommended. 

INTRAVENOUS: AMICAR aminocaproic acid Intravenous is administered by infusion, 
utilizing the usual compatible intravenous vehicles (e.g. Sterile Water for Injection, physio- 
logic saline, 5% dextrose or Ringer's Solution). RAPID INJECTION OF AMICAR INTRA- 
VENOUS UNDILUTED INTO A VEIN IS NOT RECOMMENDED. 

For the treatment of acute bleeding syndromes due to elevated fibrinolytic activity, it is 
suggested that 16 to 20 cc. (4 to 5 grams) of AMICAR Intravenous be administered by infu- 
sion during the first hour of treatment, followed by a continuing infusion at the rate of4cc. 
(1.0 gram) per hour. This method of treatment would ordinarily be continued for about 
8 hours or until the bleeding situation has been controlled. 

ORAL THERAPY: If the patient is able to take medication by mouth, an identical dosage 
regimen may be followed by administering AMICAR Tablets or 25% Syrup as follows: For 
the treatment of acute bleeding syndromes due to elevated fibrinolytic activity, it is sug- 
gested that 10 tablets (5 grams) or 4 teaspoonfuls of syrup (5 grams) of AMICAR be admin- 
istered during the first hour of treatment, followed by a continuing rate of 2 tablets (1 gram) 
or 1 teaspoonful of syrup (1% grams) per hour. This method of treatment would ordinarily 
be continued for about 8 hours or until the bleeding situation has been PONINA 2 
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of the Incompetent Femoral Vein Valve 


Robert L. Kistner, MD 


© Incompetent femoral vein valves are identified by reflux fem- 
oral phlebography in selected patients with postphlebitic syn- 
drome. In addition to conventional stripping of varices and sub- 
fascial interruption of communicating veins, 14 patients with 17 
involved extremities have undergone surgical repair of an in- 
competent valve in the superficial femoral veins. Pathologic con- 
dition of the valve consisted of elongation of the cusp edge. Re- 
pair was achieved by a series of tucking sutures shortening the 
cusp and restoring competence to the valve. Healing of ulcers 
and relief of swelling occurred in 90% of the patients. This rate 
was maintained up to seven years. These cases demonstrate the 
feasibility of surgery on the femoral vein valve. The relative im- 
portance of conventional stripping, subfascial communicating 
vein interruption, and femoral valve repair will have to be estab- 
lished by way of further clinical experience. 
(Arch Surg 110:1336-1342, 1975) 


vere venous insufficiency of the lower extremities 
due to disease of the femoral veins has not previously 

been considered correctable by surgery. With the use of 
phlebography, it has been found that the defect, in some 
instances, is one of incompetence of the valves in the fem- 
oral system, rather than occlusion of the vein or destruc- 
tion ef the valves by recanalization. This report describes 
a method of identification of the incompetent valves by 
reflux phlebography, and successful surgical correction of 
the incompetent valve by a technique of valvoplasty. 

The diagnosis of valve incompetence is made by phlebog- 
raphy. There are no clinical characteristics that accu- 
rately distinguish the patient with severe venous insuffi- 
ciency due to incompetent valves from the patient whose 
vein disease is due to occlusion of the femoral system. In 
both cases, all the stigmas of severe vein disease may be 
found, including ulceration, stasis change, spontaneous 
varix hemorrhage, and venous claudication. 

Identification of femoral vein reflux requires two phle- 
bographic studies. First, an ordinary phlebogram is per- 
formed through a dorsal foot vein. This will show a patent 
femoral venous system, in which valves may or may not be 
identified. Incompetent perforator veins in the calf may 
be seen, and the saphenous system may or may not be 
varicose. Competence of the venous valve cannot be as- 
sessed by ascending phlebography. 

Next, a reflux femoral phlebogram is done to test the 
competence of the femoral vein valves. This is accom- 
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plished by placing contrast medium directly into the com- 
mon femoral vein (with the patient in an erect position) 
and observing the flow of dye under fluoroscopy. In the 
case of a patient with an intact but incompetent valve, 
the valve structure will be clearly outlined on the fluoros- 
copy screen. The medium will be seen leaking through the 
valve and flowing retrograde down the superficial femoral 
vein. The column may extend all the way to the calf. 

Sixteen patients with 19 involved extremities have been 
studied and treated with the diagnosis of femoral valve 
reflux. The characteristics of this group are tabulated as 
follows: swelling, 92%; stasis changes, 85%; ankle ulcers, 
70%; thigh pain, 46%; venous claudication, 30%; varix hem- 
orrhage, 23%; definite phlebitis history, 30%. 


DIAGNOSIS 
Clinical Data 


Patients who were considered for femoral vein valvoplasty had 
symptoms of severe venous insufficiency or leg discomfort suffi- 
cient to be nearly incapacitating. Most of the patients in this 
series demonstrated severe stasis changes, including ulceration 
and color change of the lower part of the leg. Severe symptoms 
were found in this group that are unusual in the course of ordi- 
nary venous insufficiency, including venous claudication,’ onset of 
swelling within two to three hours when erect, and aching or heav- 
iness in the thighs. 

Venous claudication is described as an ill-defined ache in the leg 
or thigh when the patient is walking. The patient does not experi- 
ence relief by standing still for two to three minutes. Fifteen to 20 
minutes of rest is required and the pain is most effectively re- 
lieved if the patient is in a seated or reclining position. The pain is 
less severe than in arterial claudication and the patient can usu- 
ally continue walking for some distance in spite of the discomfort. 
In every instance of successful valvoplasty, this phenomenon has 
been completely relieved immediately after surgery. 

Swelling usually occurs within two to three hours of rising in 
the morning. In some, the swelling has been so severe that the pa- 
tient has been unable to wear shoes through a day of work. Other 
patients have complained of a severe sense of heaviness in the 
thighs. Both of these symptoms are relieved by successful valvo- 
plasty. 

The stasis dermatitis and ankle ulcerations have been due to 
various combinations of communicating vein insufficiency and 
saphenous vein disease. These problems require definitive surgical 
correction in addition to valvoplasty. Saphenous varices are 
treated by conventional ligation and stripping. Communicating 
vein insufficiency is treated by a subfascial interruption of these 
veins in the calf. 


Phlebographic Data 


Phlebography is required for the diagnosis of incompetent fem- 
oral vein valves. The conventional pedal phlebography technique 
is that of Wesolowski et al.* Femoral reflux phlebography is done 
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when the conventional phlebogram shows a patent femoral system 
in,a patient who has severe symptoms as outlined above. The re- 
flux femoral phlebogram is performed by percutaneous insertion 
of a needle or catheter into the common femoral vein. This is fol- 
lowed by injection of contrast material into the common femoral 
or external iliac vein with the patient in a 60° standing position. 
As the contrast material is injected, its flow is monitored on the 
image intensifier screen. Using this technique, a spectrum of fem- 
oral valve function is defined as follows: 


Normal: All contrast medium flows cephalad and 
no reflux occurs with normal breathing. 
When the Valsalva maneuver is per- 
formed in the 60° erect position, either 
no reflux or mild reflux occurs. 

There is definite reflux in the 60° erect 
position, but the main flow is toward the 
heart during normal breathing. With the 
Valsalva maneuver, reflux is increased. 
There is pronounced reflux when in the 
60° erect position during normal breath- 
ing. Vein flow follows the direction of 
gravity. There is only a minimal flow 
toward the heart until the patient exer- 
cises the leg. Reflux is massive with the 
Valsalva maneuver. 


Mild incompetence: 


Severe incompetence: 


Patients who were candidates for valve repair in this series 
demonstrated severe incompetence of femoral vein valves. Two 
groups of patients have been found with severe incompetence: 
those with recanalized veins who have no valves at all, and those 
who have a well-formed valve structure with severe incompetence. 
To our surprise, we have found that the patients in this study 
have perfectly well-preserved valves that are incompetent. These 
valves are delicate, thin membranes that show no evidence of in- 
flammatory change or old phlebitis; their only defect is elongation 
of one or both of the valve cusps. By means of the reflux phlebo- 
gram, valve structures are well outlined and differentiation can be 
readily made between a recanalized, valveless vein and one with 
retained but incompetent valves. 

The indications for this method of study in patients with the 
postphlebitic syndrome should be limited to those who have severe 
disability due to swelling, pain, or ulceration. In this situation, 
when a pedal phlebogram shows advanced insufficiency of the calf 
vein with patent superficial and common femoral systems, reflux 
phlebography can be done to search for the presence of valves and 
to study their function. Through such an approach, it is possible to 
correlate a broad experience of phlebography with clinical find- 
ings, and to delineate the importance of valve function. 


SURGERY 
Surgical Management 


When surgery is undertaken, separate attention should be paid 
to the saphenous system, the communicating veins, and the fem- 
oral system. A conventional saphenous vein ligation and stripping 
procedure is the initial step when the saphenous system is 
‘diseased. There will be instances where the saphenous system is 
not diseased, in which case it is left intact. The vein stripping is 
combined with subfascial interruption of the communicating veins 
performed in a nonconventional manner. 

The subfascial interruption is performed through short trans- 
verse incisions through the deep fascia of the leg. The surgeon’s 
finger is introduced into the subfascial plane through two medial 
and one lateral incision, and blunt disruption of all communicating 
veins is performed. The deep fascia is completely separated from 
underlying muscle around the circumference of the extremity, 
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avoiding only the anterior compartment of the leg. It is not neces- 
sary to ligate these veins unless they are unusually large. These 
procedures are done first because the blood must be anti- 
coagulated for the femoral valve repair. Three days to one week 
later, femoral valve repair is done under heparin sodium anti- 
coagulation. The heparin therapy is continued in a low dosage 
(5,000 units every six hours intravenously) for two weeks. The pa- 
tient is then switched to warfarin sodium (Coumadin) for a two- 
month period. This arbitrary plan of anticoagulation has worked 
well with the patients in this series. 


Surgical Technique 


Femoral valve operation is performed through a longitudinal in- 
cision over the femoral vein. The common femoral vein and all 
profunda branches are separately controlled, and the upper end of 
the superficial femoral vein is isolated for several centimeters. 
The valve cusps are easily observed through the intact vein wall. 
Competence of a valve is tested by clamping the distal vein and 
milking all blood, proximally, through the valve. Blood is then 
forcibly milked retrograde toward the valve. A competent valve 
permits no blood to pass back through itself with this maneuver. 
An incompetent valve allows blood to seep back through the valve, 
even without the retrograde milking maneuver. 

Repair of the femoral venous valve is accomplished with 7-0 to 
9-0 sutures under loupe magnification. The valve itself is ex- 
tremely thin and will tear easily, but it has surprising strength 
when handled carefully and is capable of accommodating sutures. 
Long-term results from this study of up to seven years, demon- 
strate that the repair will hold up permanently. 

After identification of the valves, one is chosen for repair. When 
available, the highest valve in the superficial femoral vein is the 
valve of choice because it prevents reflux down the superficial 
femoral vein of blood that is draining into the common femoral 
vein from the profunda veins. Under heparin anticoagulation, a 
longitudinal phlebotomy begun inferior to the valve is carried 
cephalad through the valve, cutting through one of the valve com- 
missures (not through a cusp). With the vein open, the valve can 
be inspected. 

In each instance in this study, one or both of the valve cusps 
were elongated, resulting in prolapse of part of the valve. It is the 
prolapse of the valve that allows reflux of blood to occur. The re- 
pair consists of suturing the excess leaflet to the wall of the vein 
by means of interrupted reefing sutures tied on the outside of the 
vein. 

After repair of the valve, the phlebotomy must be closed in such 
a manner that none of the sutures distorts or tears a valve cusp 
during closure. When the phlebotomy is closed, the valve should be 
checked for competence by the milking maneuver. If a significant 
leak persists, the repair should be repeated or the superficial fem- 
oral vein should be ligated. 

Heparin therapy is continued postoperatively for two to three 
weeks, after which the patient is switched to warfarin therapy for 
two months. Anticoagulation is terminated after this time. 

Accomplishing a successful repair has several pitfalls. It is es- 
sential not to tear the delicate valve cusps. There is a serious 
chance of tearing the cusp when the incision in the superficial 
femoral vein is carried up through the commissure. To be certain 
that the incision is directly through the commissure, a 6-0 mark- 
ing suture is placed at the commissure where it is visualized 
through the intact vein wall prior to beginning the phlebotomy. It 
is then begun 3 cm below the valve that is drained of blood and 
collapsed. The vein wall is held open with forceps and the phlebot- 
omy is carefully carried through the commissure with fine scis- 
sors, cutting the marking suture and extending cephalad 3 cm in 
the common femoral vein. This part of the procedure must be done 
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Fig 2.—Suture of 7-0 to 9-0 ma- 
terial begun at level of com- 
missure, passing needle from 
outside vein to inside. 


e Fig 1.—Diagram of incompe- 

3 tent valve before repair. 

hr 

4 Fig 5.—Suture is tied out- Fig 6.—Similar suture introduced 
E side vein, thus shortening through posterior aspect of vein at 


valve cusp by 1 to 2mm. commissure. 
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Fig 3.—Suture inside vein is Fig 4.—Suture is brought back 
passed through edge of valve to commissure and passed 
cusp 1 to 2 mm from commis- from inside vein to outside. 
sure. 


correctly because an incision through one cusp will probably do ir- 
reparable damage, thus preventing a satisfactory valvoplasty. 

The reefing suture (Fig 1 to 10) begins at one commissure with a 
suture passed from outside the vein wall to inside the vein wall. 
The suture is then passed through the free edge of the elongated 
valve cusp that is 2 mm from the commissure. The suture is 
brought back to the original level of the commissure, where it is 
passed from the inside of the vein to the outside and tied to the 
other end of the suture on the outside of the vein wall. A series of 
these sutures may be placed in the valve cusp on either side of the 
vein, and in the commissure situated in the middle of the opened 
vein where the two cusps join posteriorly. It usually requires four 
to six sutures to accomplish sufficient shortening of the valve. 

The decision of how much the valve should be shortened is a 
critical one. Through experience, it has been found that the valve 
cusp should lie gently stretched across the vein wall at the comple- 
tion of the procedure. The cusp should not be lax as it lies across 
the vein, nor should it be drawn taut (Fig 5 and 6). 

There have been two instances when a hole was created in a 
valve cusp during repair. They were closed with 9-0 sutures 
through the cusp and still provided competent valves without late 
thrombosis in the postoperative period. 

Closure of the phlebotomy has been best accomplished by plac- 
ing several fine, interrupted sutures (7-0) at the level of the cusp 
with the vein open. After these have been tied, a running suture, 
can be used for the remainder of the phlebotomy. 


RESULTS 


Nineteen valve repairs were attempted; 17 of these 
were successful. In the other two cases, valves were in- 
jured during repair and the superficial femoral vein was 
ligated. In both of these cases, some benefit was derived 
from the procedure but less than when the valve repair 
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was successful. There were two unsuccessful clinical 
results in the two patients whose problem was lymphe- 
dema. Leaking valves were found in these two patients, 
both of whom had lymphedema. It was hoped that by 
providing valve competence, the swelling would be 
decreased. Contrary to the experience reported by others 
in this situation, the venous repair was of no noticeable 
assistance to these patients. 

The results in all 15 valve repairs where the surgical 
procedure was technically satisfactory have been highly 
successful for patients with postphlebitic syndrome. The 
follow-up period for 12 of these 15 patients is an average 
of five years, with a range of three to seven years. The 
other three operations were done too recently for long- 
term evaluation. In 13 of the 15 valve repairs, clinical re- 
lief of the postphlebitic syndrome has been complete. All 
ulcers and all pain have been abolished, elastic support has 
been discarded, and the limbs are free of edema. In some 
cases, there has even been regression of the stasis dis- 
coloration. Two of the 15 patients, who are considered less 
than cured, still have occasional edema with full activity. 

The question of whether these procedures would have 
had equally good results with the repair of saphenous and 
communicating vein problems without the repair of the 
femoral valve is not answered by this report. The value of 
this study is to point out the existence of correctable, fem- 
oral valve incompetence, and to cite the early and long- 
term results in a small series of cases. In this respect, 
these cases can be considered to comprise a feasibility 
study. The place of this procedure in the spectrum of ther- 
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Fig 7.—Posterior suture grasps both cusps 
in a single suture. 


Fig 8.—Completed valve repair with mul- 
tiple sutures at commissures. Compare 
valve cusp with Fig 1. | 





apy for severe venous insufficiency will have to be estab- 
lished through controlled study and further clinical experi- 
ence. The potential danger of inciting thrombosis and 
embolism when operating on the femoral vein is a serious 
consideration that will militate against the injudicious use 
of this procedure. 

The duration of cure was a subject of concern early in 
this study, but only one patient has had a recurrence of 
symptoms. This occurred three years postoperatively and 
was due to a hole in one valve cusp. After this repair, the 
patient has remained well for four subsequent years. On 
the basis of this follow-up, it is believed that permanent 
cure can be predicted. 

Two of these patients required a period of 6 to 12 
months for complete healing of ulceration. In both cases, 
once complete healing was attained, the results were per- 
manent and all elastic support was discontinued. 

Postoperative phlebography has been done in 14 of the 
15 cases. In all instances, the femoral system was found to 
be patent unless a ligation had been done. Since phle- 
bography was done at varying times after the procedure 
(from two weeks to three years), it is believed that the 
procedure has been carried out without producing venous 
thrombosis. Of the 14 valves, there were five in which 
the repaired valve was totally competent at subsequent 
phlebography. In four instances, although there was a def- 
inite leak through the repaired valve, the leak was much 
reduced from the preoperative state. All four had excel- 
lent clinical results. Three repaired valves had notable re- 
flux, but a lower valve in the thigh was completely compe- 
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tent whereas it had not been so preoperatively. In two 
repaired valves, there was persistence of a high-grade 
leak. Since both of these valve repairs were clinically suc- 
cessful, it is assumed that the degree of leakage was suffi- 
ciently reduced to allow physiologic compensation in the 
presence of a persistently incompetent femoral system. 


COMMENT 


Experimental and clinical surgery on the postphlebitic 
femoral vein has been reported by several authors.*-'? The 
surgery has been shown to be technically feasible in the 
provision of a patent, transplanted venous segment with 
functioning valves. There are no previous reports known 
of actual repair of the femoral valve itself other than the 
early case report of the first patient in this series. Hall- 
berg’ reported the use of a Dacron cuff around the vein at 
the site of an incompetent valve, but he did not repair the 
actual valve. 


Fig 9.—Elongated flappy valve cusps before repair (in situ). 
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This series demonstrates that surgical repair of femoral 
venous valves can be successful, and that it can be done » 
without postoperative thrombosis when the blood is anti- 
coagulated during and after surgery. Repair of the de- 
formed valve has remained effective for the duration of 
follow-up, as long as seven years. 

This report is not intended to suggest that correction of 
saphenous and communicating vein abnormalities can be 
neglected. Since these peripheral veins are already dis- 
eased by the time this type of patient is treated, conven- 
tional saphenous ligation and stripping and interruption 
of communicating veins need be done. The femoral vein 
repair can be viewed as an adjunctive procedure to correct 
the pathologic condition in the femoral system that proba- 
bly underlies the more peripheral venous abnormalities. 
Repair of the femoral valve defect may provide a more 
complete repair of the venous system abnormality, and re- 
sult in better long-term control, as well as in better iin- 


Fig 10.—After repair valve cusps lie gently across vein and are 
neither lax nor taut (see Fig 9). 
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mediate relief. In 1953, Linton® noted that the lower 
‘extremities could be viewed as having three systems of 
veins—the saphenous veins, the communicating veins, and 
the femoral-popliteal system. Through appropriate phle- 
bographic study, it is possible to differentiate which veins 
are diseased, and to tailor the treatment to the specific 
system involved. With the procedure of femoral valve re- 
pair, it is now possible to correct the defect in those pa- 
tients who have elongation of the femoral valve cusps 
with a severe degree of femoral valve incompetence. 

In such valves, the pathologic finding of a well-pre- 
served cusp that is grossly elongated has not been previ- 
ously emphasized. The valval incompetence is a direct 
result of elongation of the valve cusp that prevents ade- 
quate apposition of the two leaflets. Previous reports have 
described shortening of a valve cusp in the postphlebitic 
state" that is an understandable result of thrombosis and 
recanalization. Although shortening and fibrosis of the 
valve cusp was found in one patient who was considered 
for possible valve repair during the course of this study, 
other patients with valve shortening were apparently 
eliminated by the reflux femoral phlebograms. 

The cause of elongation of the cusps was not explained 
in these patients. In some, there was a clear history of 
previous phlebitis, but in no instance was the extent of the 
process proved by phlebography at the time the phlebitis 
occurred. In the majority of patients, there was no defi- 
nite history of phlebitis. It seems possible that the 
primary reason for the postphlebitic syndrome could be 
stretching and elongation of valve cusps, causing a pro- 
gressive degree of reflux. In this group of patients, it was 
curious that excessive obesity was present in 70% of the 
cases, but a causal relationship between obesity and valve- 
stretching is obscure. 

This group of patients illustrated the serious nature of 
valve incompetence in the venous system of the lower ex- 
tremities.° While this seriousness is generally understood, 
it seems to be frequently underestimated. 

The importance of valve reflux in the femoral vein 
needs to be studied further. Some of the phlebographic 
data noted as a result of this study are equivocal, and the 
suggestion is advanced that there exists both a compen- 
sated and a decompensated condition of valve reflux. The 
spectrum of valve function outlined herein will bear fur- 
ther study and refinement. 

In the evaluation of postoperative reflux phlebograms, 
it was surprising to find persistent reflux in some patients 
who had an excellent clinical result. It was observed in 
these cases that there was enough variability in the de- 
gree of reflux to justify the conclusion that there was real 
improvement over the preoperative phlebogram. However, 
phlebogram reflux is difficult to quantitate, and is subject 
to errors of interpretation. 

It has been previously pointed out" that ligation of the 
incompetent superficial femoral vein is beneficial when 
the profunda veins are patent, and this was found to be 
true in the two patients in this series in whom such a liga- 
tion was performed. The long-term follow-up of these two 
patients demonstrated significant improvement, but it 
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was much less than in patients who had successful valve 
repairs. 





The most striking finding has been in regard to the | 9 
long-term follow-up. Twelve valve repairs in nine patients 


were observed for periods of time from three to seven 
years and in all of these, the stigmas of the postphlebitic 
syndrome were cured. In contrast to other procedures on 
postphlebitic limbs in which late results tend to show re- 
currence, in this series, the excellent results were consist- 
ent for the duration of follow-up. 

It must be emphasized that the patients in this series 
with intact but incompetent femoral vein valves are a 
highly. select group and do not represent the usual post- 
phlebitic patient. Valve repair is not suggested as a pan- 
acea for the general cure of the postphlebitic syndrome. 
Selection of patients must be based on careful phlebogra- 
phic studies. The frequency of this problem is not known 
and will have to be disclosed by further study. 
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Discussion 


STANLEY C. FELL, MD, Bronx, NY: I would like to present some 
physiologic data that are at variance with Dr Kistner’s findings. 
We performed retrograde phlebograms on 23 normal extremities 
and on 16 patients with postphlebitic syndrome. The phlebograms 
were performed with patients in the erect position. Subsequently, 
femoral, popliteal, and saphenous venous pressures were mea- 
sured (simultaneously, erect position). There is notable variation 
in the degree of reflux in normal extremities. There may be nor- 
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- mal valves and little reflux, or the dye may reflux all the way down 
_ the leg past normal valves but not out through perforators into 
the superficial veins. In a postphlebitic limb, there may be reflux 
all the way down and out into incompetent perforating veins. In 


È = many postphlebitic patients, the dye does not reflux down the su- 
% K. Fee femoral vein because of thrombosis; there is only reflux 
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into the deep femoral vein. 
We found that reflux could occur in normal as well as post- 
_ phlebitic limbs and did not reflect valve incompetence. In the 


£ erect, motionless limb, valves open for venous return and contrast 


material can trickle down, since the specific gravity of the dye is 


= heavier than that of blood. We often noted in roentgenographic 
2 Pusia that the dye column would stop between valves, and the 
__ reflux of dye would be affected by arterial in-flow. We could influ- 


_ ence this by merely putting a hot towel on the extremities and de- 
crease the reflux. I think a large measure of Dr Kistner’s good re- 
sults are due to management of the incompetent perforator veins. 
MicHAEL Hume, MD, Boston: I would like to compliment Dr Kist- 
ner for the demonstration of surgical technique, but I think I 


_ should echo our concern that the inclusion of ligation of the perfo- 
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=~ rator veins may have accounted for the good results. We have 
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_ come to be satisfied with the management of this important prob- 
~ lem by using an ultrasonic probe for locating incompetent perfo- 
rating veins and ligating them. 


I would also like to know whether Dr Kistner is considering 
doing a valve repair operation without ligation of the perforators 
and whether that might work. I think I would be more convinced 
_ that the delicate valve reconstruction is needed if another proce- 
- dure had not been included that has been demonstrated to be ef- 
fective and fairly simple. 

PETER B. SAMUELS, MD, Los Angeles: I congratulate Dr Kistner 


a for having confirmed what has largely been theoretical by having 





ig the prescience to pick the repair of the commissure. 


In the course of the study I carried out in 1967, in which we were 
trying to determine how to destroy the valves while doing in situ 
vein bypass, I used a fiberoptic telescope to view the valve in 
actual function. 

Rather than closing like a trap door, the valve actually floats 
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free and is attached at the commissure. When there is retrograde 
pressure, the valve sinus distends and pulls the two leaflets to-, 
gether. They do not close like a trap door, but like a sliding door. 

The sinus has often been disregarded, but it is an absolutely in- 
tegral feature of the closure of the valve. The placement of the su- 
ture at the commissure should be planned to leave the sinus in with 
minimum interference with the function of the valve. 

In 1967, I theorized that one of the reasons for incompetence of 
the valve was the spreading of the commissure so that on dis- 
tention of the sinus, the valves could no longer come together. I 
think Dr Kistner has cured this condition. 

Another theoretical condition is that in which a fibrosis around 
the vein prevents distention of the sinus and thus the approxima- 
tion of the leaflet. I would like to ask Dr Kistner whether he has 
seen this condition and whether he thinks it would help to free-up 
the vein in establishing normal venous competence. 

Dr Kistner: Dr Fell, I would like to accentuate that reflux is 
physiologic and many patients have it without symptoms. How- 
ever, in most patients with severe symptoms who have the severe 
reflux as described in this report, in which all the dye falls to the 
foot, I feel certain the valves are very important in their problem. 
I do not think this information can be found by pressure studies, 
but I do not have the pressure studies to confirm that. 

Dr Hume, I did have one case in which I had the same thought 
you had. I repaired the valve and observed the patient. He contin- 
ued to have the same symptoms due to communicating veins. I do 
not in anyway deny that repair of communicating veins is very 
important. It is a matter of control of the end organ. However, I 
think that for long-term good results, one should pay attention not 
only to varices and communicating veins, but also to the tones 
valve that is just as diseased. 

Dr Samuels, I do not have any experience with trying to free-up 
a valve in a vein. If you are speaking of the fibrotic postphlebitic 
valve, I doubt that it could be done. These membranes are very 
delicate. 

Please note that this is a matter of incompetent, elongated, but 
normally pliant valves, and not the scarred postphlebitic type. 
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Blood Viscosity, Plasma Proteins, 


and Raynaud Syndrome 


George W. Tietjen, MD; Shu Chien, MD, PhD; E. Carwile Leroy, MD; Irene Gavras, MD; 


Haralambos Gavras, MD; Frank E. Gump, MD 


è The rheology of the blood was studied in 20 patients with 
Raynaud syndrome. Sixteen patients had scleroderma, two had 
nonspecific angiitis, one had systemic lupus erythematosus, and 
one had Raynaud disease. Viscosity measurements were per- 
formed on whole blood, plasma, and suspensions of 45% red 
blood cells (RBCs). In autologous plasma, over a wide range of 
shear rates. The relative viscosity, an index of RBC aggregation, 
was obtained by dividing the RBC viscosity in autologous 
plasma (at a hematocrit value of 45%) by the plasma viscosity. 
Concentrations of the plasma globulins and fibrinogen were also 
measured. The mean plasma viscosity was significantly 
(P < .01) elevated over established normal controls. The mean 
RBC viscosity and the relative viscosity were significantly 
(P < .01) elevated over normal controls, as were fibrinogen and 
the globulins. These studies demonstrate increased blood vis- 
cosity and red blood cell aggregation, which may constitute an 
important hindrance to flow. 

(Arch Surg 110:1343-1346, 1975) 


B” the pathogenesis and treatment of Raynaud syn- 
drome have been related to the abnormal vascular 
geometry that characterizes the condition. In patients in 
whom the syndrome is part of a generalized connective 
tissue disorder (such as scleroderma or lupus) or in whom 
it reflects an acute angiitis, there is little doubt that pro- 
liferative changes in the vessel walls contribute to the is- 
chemic syndrome. Even in the absence of organic lesions, 
heightened vasomotor tone or abnormal vascular sensi- 
tivity to cold have been considered a part of the path- 
ophysiology of Raynaud syndrome. 

Relatively little attention has been paid to the possi- 
bility that rheologic changes in the blood of these patients 
might contribute to the episodic ischemia observed in pa- 
tients with Raynaud syndrome. This concept was first 
suggested by Pringle and co-workers in 1965.° In their 
study, blood viscosity was elevated in 21 of 22 patients 
with Raynaud disease. However, the viscosimetric tech- 
nique was somewhat limited and the nature of possible 
rheologic abnormalities remained uncertain. The present 
study attempts to better define the rheologic state of pa- 
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tients with Raynaud syndrome in order to examine the 
rheologic role in the pathophysiology of this condition. 


SUBJECTS AND METHODS 


Rheologic studies were undertaken in 20 patients with classical 
Raynaud syndrome. Nineteen of the 20 subjects had an under- 
lying generalized connective tissue disorder, such as scleroderma 
(16 patients), acute angiitis (two patients), or systemic lupus er- 
ythematosus (one patient), and one subject had primary Raynaud 
disease. Their ages ranged from 15 to 67 years (mean, 45 years). 
The clinical profile of the 16 patients with scleroderma was as fol- 
lows: 


Clinical Involvement No. of Patients 
Skin 15 
Gastrointestinal 11 
Digital ulceration 10 
Pulmonary 8 
Hypertension 9 
Renal 5 
Joints 5 


Ten of the 16 patients with scleroderma had digital ulcerations 
from long-standing digital ischemia. The control group was com- 
posed of 12 healthy young workers in the laboratory. 


Viscosimetric Studies 


The viscosimeter used in this study was an air-bearing coaxial 
cylinder.* This instrument has the sensitivity and precision for 
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Fig 1.—Mean viscosity for 45% RBCs in autologous plasmas for 
the group with Raynaud syndrome and normal controls at differ- 
ent rates of shear. Vertical bars indicate mean + 1 SE. 
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Table 1.—Rheologic Changes in Raynaud Syndrome 


Raynaud (20 Patients), 





Factor* Shear Rate, Inverse Sec Mean + SE Mean + SE P Value 
Hematocrit, % Yad 39.0 + 1.12 42.6 + 1.20 <.05 
Whole blood viscosity 52 5.26 + 0.94 4.86 + 0.17 >.05 
Whole blood viscosity 0.52 33.0 = 2.33 30.9 + 1.14 >.05 
RBC viscosity} 52 6.0 + 0.11 5.0 = 0.09 <.01 
RBC viscosityt 5.2 12.1 +0.56 9.49 + 0.24 <.01 
RBC viscosityt 0.52 44.8 + 1.90 29.4 & 1.14 <.01 
Plasma viscosity 1.50 = 0.045 1.186 = 0.03 <.01 
Relative viscosity 31.0 + 0.78 25.0 = 1.0 <.01 


* Viscosity is expressed in centipoises. 








Control (12 Patients), 













t Represents RBC viscosity in autologous plasma at a hematocrit value of 45%. 
{ Obtained by dividing RBC viscosity by plasma viscosity; relative viscosity is an index of RBC aggregation. 
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RELATIVE VISCOSITY OF 45% RBC IN PLASMA 





.52 5.2 52 


SHEAR RATE SECT! 
Fig 2.—Mean relative viscosity of group with Raynaud syndrome 
and normal controls at different rates of shear. Vertical bars indi- 
cate mean + 1 SE. 


viscosity measurements over a wide range of shear rates (0.0104 
inverse seconds [seconds] to 208 seconds"). Measurements were 
performed on whole blood, plasma, and suspensions of 45% red 
blood cells (RBCs) in autologous plasma at 37 C. The relative vis- 
cosity of blood at a hematocrit value of 45% was calculated by di- 
viding the RBC viscosity in autologous plasma by the plasma vis- 
cosity. The relative viscosity at the low shear rate of 0.52 
seconds~* is an index of the tendency for RBC aggregation. 


Plasma Protein Concentrations 


The total plasma protein concentration of each sample was de- 
termined by refractometry. Plasma fibrinogen concentration was 
measured by the method of Ratnoff and Menzie,° and the plasma 
protein fractions were analyzed by means of microzone electro- 
phoresis on cellulose-acetate strips. 

The Student t test was employed to determine significant differ- 
ences between the means of the sample and the control groups. 


RESULTS 
Viscosity Studies 


The results of viscosity measurements are shown in 
Table 1. The mean whole blood viscosity was not notice- 
ably elevated over normal controls because of a signifi- 
cantly (P< .05) lower hematocrit reading in the group 
with Raynaud syndrome. 

However, when hematocrit was eliminated as a variable 
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PLASMA GLOBULINS & FIBRINOGEN (g %) 


Fig 3.—Relation of sum of plasma fibrinogen and globulins to 
plasma viscosity for patients with Raynaud disease. Correlation 
coefficient is r= .726 (P < .001). Shaded area represents normal 
control group. 


Table 2.—Plasma Protein Changes in Raynaud Syndrome 


Plasma Protein, 








gm/100 mi Blood Raynaud* Control} P Value 
Gamma globulin 1.48 + 0.173 0.77 £0.04 <.01 
Fibrinogen 0.400 Æ 0.0025 0.259 = 0.008 <.01 
Fibrinogen and 

globulins 4.32 + 0.176 2.80 = 0.11 <.01 








* Group of 20 patients; values expressed as mean + SE. 
t Group of 12 patients; values expressed as mean = SE. 


by adjusting the RBC concentration to 45%, the mean 
whole blood viscosity for the group with Raynaud syn- 
drome was higher than normal at all rates of shear (Fig 
1). 

The mean plasma viscosity for the group with Raynaud 
syndrome was significantly (P < .01) elevated over normal 
(1.50 centipoise vs 1.18 ep). 

The relative viscosity at a shear rate of 0.52 seconds’, 
which is an index of RBC aggregation, was significantly 
elevated over controls (Fig 2). 


Plasma Protein Determinations 


The results of the plasma protein analyses are shown in 
Table 2. Gamma globulin and fibrinogen were signif? 
cantly (P < .01) elevated in the group with Raynaud syn- 
drome, as was the sum of the fibrinogen and globulin con- 
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- centrations. The sum of the fibrinogen and globulins was 
directly proportional to plasma viscosity (Fig 3). 


COMMENT 


It has been known for years that blood is a non-Newto- 
nian fluid and that its viscosity is shear-dependent and in- 
creases greatly with decreasing shear rates. At a given 
temperature, the following fundamental mechanisms de- 
termine blood viscosity: (1) RBC concentration*'; (2) 
plasma viscosity*; (3) RBC aggregation™*; and (4) RBC de- 
formation.’ 

Changes in RBC concentration cause the most striking 
changes in whole blood viscosity. In this study, the pa- 
tients with Raynaud syndrome had noticeably lower hem- 
atocrit values, and this accounts for the observation that 
their whole blood viscosity was not noticeably elevated 
over normal. When RBC concentration was eliminated as 
a variable in both the sample and control groups by cor- 
recting the hematocrit value to 45%, the resultant vis- 
cosity was elevated at all shear rates in the group with 
Raynaud syndrome. The explanation of this observation 
lies with the changes in plasma viscosity, plasma protein 
concentration, and the tendency for RBC aggregation. 

The viscosity of blood increases with increased plasma 
viscosity because of a complex interaction between the 
cells and the plasma proteins. The amount of interaction 
is a function of the concentration, size, shape, and charge 
of the protein molecules.” 

Fibrinogen and globulin concentrations have been 
shown to correlate with plasma viscosity.*7%" Serum al- 
bumin has little hemorheologic effect. In this study, there 
was a linear relationship between the sum of the fibrino- 
gen and globulin concentrations and plasma viscosity in 
the group with Raynaud syndrome. 

Elevated fibrinogen and globulin levels are also respon- 
sible for the heightened tendency of the RBCs to clump 
and form rouleaux at low rates of shear.®-* The dis- 
persion point, or the shear rate at which RBC clumps are 
dispersed, is normally 40 to 50 seconds-*. In pathologic 
plasma with elevated fibrinogen and globulin concentra- 
tions, the dispersion point may be as high as 300 to 400 
seconds~'.'* This rheologic phenomenon is most noticeable 
at the low rates of shear in the microcirculation and it 
may have important implications in terms of flow and 
oxygen delivery to the tissue. 

In our study, the relative viscosity, which was an index 
of the tendency for the RBCs to aggregate, was signifi- 
cantly (P < .01) elevated in the group with Raynaud syn- 
drome at a shear rate of 0.52 seconds’. 

Schmid-Schénbein and colleagues": have stressed that it 
is the aggregation of the RBCs that governs flow at low 
shear rates, and they have microscopically observed patho- 
logic clumping and rouleaux formation with a transparent 
cone-plate viscosimeter. They observed that the apparent 
whole blood viscosity, even when measured by a sophis- 
ticated rotational viscosimeter such as used in this study, 
masy not reflect the microrheologic importance of RBC ag- 
gregation.* 

The formation of rouleaux at low shear rates can cause 
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hydrodynamic immobilization of plasma between the rou- 
leaux and may result in a higher effective hematocrit 
value in the microcirculation and subsequent higher vis- 
cosity.°7:17)18 

If viscosity and RBC aggregation are important in the 
pathogenesis of Raynaud syndrome, then the role of cold 
in initiating the symptoms is clarified, since a fall in tem- 
perature has been shown to increase the blood viscosity 
and the aggregation of RBCs.” 

A reasonable hypothesis can be developed relating Ray- 
naud syndrome to the rheologic changes in the blood. For 
those patients in whom the syndrome is secondary to an 
underlying connective tissue disorder, there are usually 
well-defined histologic changes in the vessel walls that 
lead to increased resistance and slower flow. These pa- 
tients and those subjects with primary Raynaud disease 
may also have increased vascular tone producing in- 
creased resistance. The shear rate decreases and the vis- 
cosity increases with slower flow. At lower shear rates, the 
elevation in fibrinogen and globulins results in increased 
RBC aggregation and rouleaux formation that can fur- 
ther impede flow. The effects of cold on these processes 
would be to further increase blood viscosity. The rheologic 
changes could therefore act synergetically with the histo- 
logic changes in the vessel walls or with increased vascu- 
lar tone to result in a marked hindrance to flow and tissue 
ischemia. 

Further research is needed in this area, and the rheo- 
logic data need to be coupled with objective measurements 
of hand and digital blood flow. However, if further study 
confirms the importance of abnormal blood rheology in 
Raynaud syndrome, efforts to lower blood and plasma vis- 
cosity may represent a new therapeutic approach to this 
condition. 


This research was supported by US Army Contract DADA-17-72-C-2115. 
Dagmara Igals, Juan Rodriguez, and Daniel Batista provided technical 
assistance. 
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Discussion 


JOHN M. Porter, MD, Portland, Ore: Discussions concerning the 
pathogenesis of Raynaud syndrome have centered about sympa- 
thetic nerve overactivity vs a local vascular wall fault. In recent 
years, several investigations have revealed a number of abnor- 
malities in the serum in patients with Raynaud syndrome, sug- 
gesting that perhaps neither of the proposed explanations has 
been correct. Serum abnormalities, including possibly cold-acti- 
vated antigen-antibody complexes may well be the initiating 
cause of this syndrome in most patients. 

We have recently completed a detailed prospective evaluation of 


‘75 patients with various vasospastic abnormalities; 39 of these pa- 


tients had Raynaud syndrome and 36 did not have any such symp- 
toms. We have separated these patients into the four following 
categories: (1) patients with Raynaud syndrome who did not have 
scleroderma; (2) patients with Raynaud syndrome and sclero- 
derma; (3) patients with scleroderma and no Raynaud symptoms; 
and (4) miscellaneous patients without Raynaud syndrome. These 
miscellaneous patients had symptoms that included Sudeck sym- 
pathetic dystrophy, livido reticularis, and acrocyanosis. 

There was a lack of consistent quantitative protein abnormal- 
ities in these patients: By far, the most striking finding has been 
the marked incidence of immunologic abnormalities that we have 
tabulated. These abnormalities include positive anti-nuclear anti- 
body, rheumatoid factor, elevated DNA antibody, cold aggluti- 
nins, complement alterations, and RBC autoantibodies. 

In our search for an underlying unitary theory of Raynaud phe- 
nomenon, we are left with an occasional outstanding patient, such 
as one we encountered who had distinctly unilateral Raynaud syn- 
drome. In this patient, the symptoms followed an ulnar nerve in- 
jury at the elbow. It is difficult to explain how any serum abnor- 
malities could produce such amazingly unilateral effects. 

I differ somewhat with the interpretation of the authors in the 
present study. The viscosity alterations reported depend largely 
on fibrinogen elevations as well as some globulin elevations, as 
was noted. We all know that plasma fibrinogen is nonspecifically 
elevated in most inflammatory diseases. Nineteen of these 20 pa- 
tients had an underlying inflammatory disease. I wonder if the 
authors may have used the wrong controls. 

I would like to ask the authors if they have performed viscosity 
and fibrinogen determinations in patients with scleroderma, 
lupus, or arteritis who did not have Raynaud symptoms. 

Finally, I would call your attention to two groups of patients 
with such striking elevations of blood viscosity that they fre- 
quently develop a hyperviscosity syndrome, namely patients with 
myeloma, with immunoglobulin G or immunoglobulin A eleva- 
tions, and macroglobulinemia with immunoglobulin M elevation. 
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We have never seen Raynaud symptoms in these patients, and I . 
wonder if the authors have an explanation for this. 

PauL De Camp, MD, New Orleans: This is very exciting mate- 
rial, because we have found that there are substantial changes in 
the clotting mechanism in the blood in a similar disorder, namely, 
the Buerger disease. 

I am impressed that all but one of these patients had a collagen 
disorder associated with the Raynaud phenomenon and only one 
had pure Raynaud disease. Have these studies been made in a 
substantial number of patients who have Raynaud phenomenon 
without the collagen disorder? Have they been done in a substan- 
tial number of patients with collagen disorders without Raynaud 
syndrome? 

WORTHINGTON G. SCHENK, JR, MD, Buffalo: I am very impressed 
by this study. We have previously undertaken viscosity studies in 
the past, and the criticism leveled at our research might also be 
leveled at this study, in that there is no evidence that the “anom- 
alous” viscosity of blood as measured in the viscosimeter has any 
relation to the viscosity of blood in circulation. 

Therefore, I would like to comment briefly on the work of Mr 
William Barrie of Glasgow. This work was done in our laboratory 
and will be reported at the international meeting in Edinburgh. 
Mr Barrie has devised a limb perfusion model to test the hypo- 
thesis that the anomalous viscosity of blood as measured in the vis- 
cosimeter behaves the same in the perfusion of a limb. He found 
that it does behave in exactly the same way in that the same 
anomalous curves can be obtained in the limb as can be using the 
viscosimeter. He has also manipulated the fibrinogen concentra- 
tion from zero to four times normal because he believed that this 
was going to be terribly important in the flow characteristics. Un- 
fortunately, he found there was almost no influence on the mea- 
sured viscosity either from the viscosimeter or from the perfusion 
model. 

The major item that changed viscosity was the hematocrit 
value. From zero to 25% made no difference, from 25% to 45% 
made moderate differences, and above 45% made enormous differ- 
ences. Most of you probably know that cigarette smoking is asso- 
ciated with an increase in hematocrit reading, and it may well be 
that this increase in the hematocrit value is part of the mechanism 
by which smoking contributes to vascular disease. 

Dr TIETJEN: Dr Porter’s criticism is well taken. We did not per- 
form controlled studies on patients who have similar eollagen vas- 
cular disease but who do not have Raynaud disease. However, at 
the time, we were not trying to define the mechanism for Raynaud 
syndrome, but were merely stating that some of the viscosity 
anomalies that are present in these patients might be contrib- 
utory. 

On the other hand we did not come across very many patients in 
this study with primary Raynaud disease who did not have a con- 
nective tissue disorder. However, the work by Pringle and co- 
workers that I cited did find elevated viscosity in 21 o? 22 patients 
with primary Raynaud disease, and these patients did not have an 
underlying collagen vascular disease. 

With regard to Dr Schenk’s comments, I agree that it is not 
clear whether the in vitro results of viscosity determinations re- 
flect what is going on in the body. Some evidence for this has been 
obtained from work done by Schmid-Schénbein and Wells, who* 
have an optical viscosimeter by means of which they can actually 
observe the behavior of the cells in terms of their clumping 
characteristics and rouleaux formation and simultaneously 
measure viscosity. 

These data indicate that perhaps the tendency for clumping, 
which is largely caused by the fibrinogen and globulin elevation, is 
more important than the apparent viscosity as measured by the 
viscosimeter indicates. 
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Retroperitoneal Approach 
for Portasystemic Decompression 


Ronald J. Stoney, MD; John Thomas Mehigan, MD; Cornelius Olcott IV, MD 


è A left retroperitoneal approach has been developed and 
used to perform a renal-splenic shunt for portal decompression 
in seven patients with massive variceal hemorrhage. In each pa- 
tient, at least one intra-abdominal finding contraindicated a con- 
ventional transperitoneal portasystemic shunt. Retroperitoneal 
approach avoided possible complications and permitted suc- 
cessful portal decompression with cessation of bleeding in each 
instance. These results support the use of this technique when it 
is necessary to avoid the peritoneal cavity in a patient requiring 
portasystemic decompression. 

(Arch Surg 110:1347-1350, 1975) 


| aul a eN decompression remains the definitive 
treatment of bleeding esophageal varices. When 
using a transperitoneal approach the anatomic relation- 
ships of major portal and systemic venous trunks permit 
the choice of a variety of anastomoses for portal decom- 
pression. However, no alternative approaches have been 
described when conditions exist that make the trans- 
peritoneal route hazardous or impossible. The purpose of 
this article is to describe a retroperitoneal approach for 
portal decompression and to report the results obtained 
with its use. 


SUBJECTS AND METHODS 
Case Material 


Seven patients with massive variceal hemorrhage secondary to 
advanced liver disease were admitted to the University of Califor- 
nia Medical Center, San Francisco. Hemorrhage in two patients 
ceased spontaneously and an elective portal decompression oper- 
ation was performed. The remaining five patients with intractable 
variceal bleeding underwent emergency portal decompression. 
Since all patients had had previous abdominal surgery and ascites 
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or both that would make surgery for a traditional transperitoneal 
shunt hazardous, all operations were performed through the left 
retroperitoneal space. A renal-splenic shunt was constructed in 
each case. The Table shows the status of the liver disease accord- 
ing to Child’s classification and the contraindications to a conven- 
tional transperitoneal portal decompression in these patients. 


Surgical Technique 


The patient is placed in the left lateral position with the left 
flank slightly elevated. The incision is made from the left rectus 
border to the posterior axillary line over the course of the 11th rib. 
The rib is resected to avoid the pleural cavity, and the muscles and 
fascia of the abdominal wall are divided. The retroperitoneal 
space is developed and the anterior surface of the left kidney ex- 
posed. Dissection is continued medially to free the left renal vein 
and surrounding structures between the renal hilus and the vena 
cava. 

The splenic vein is identified by reflecting the pancreas superi- 
orly to expose the posterior pancreatic surface. The splenic vein is 
mobilized for a distance of 4 to 6 cm ending at the junction of the 
left colic and splenic veins (Fig 1). The splenic vein is thin-walled 
and adherent to the pancreas because of bridging tributary veins 
that drain the pancreas. Because of these factors, circumferential 
dissection is not performed when the diameter of the splenic vein 
is greater than 1.5 cm. A satisfactory anastomosis can be con- 
structed using partial occlusion of the splenic vein; this requires 
circumferential dissection of this vein with ligation of the pancre- 
atic tributary veins. 

Following mobilization of the splenic and renal veins, the inter- 
vening retroperitoneal tissue and lymphatics are resected to per- 
mit approximation of these veins for anastomosis. If an adequate 
length of the main renal vein is available for anastomosis without 
tension, the gonadal and adrenal tributaries are preserved for re- 
nal venous outflow. The renal vein is then divided just medially to 
the entry of these tributaries. Often, however, an adequate length 
of renal vein is achieved only by division of these tributaries, and 


division and ligation of the renal vein at the renal hilus. Renal . 


venous outflow then occurs via capsular veins. 

The end of the left renal vein is beveled following its division, 
facilitating anastomosis to the inferior aspect of the splenic vein. 
The splenic vein is then occluded and a phlebotomy is made along 
its inferior surface by excising a small elipse of vein wall. The 
end-to-side anastomosis is completed using continuous suture 
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Fig 1.—Inset shows position of incision overlying 11th rib, which 
has been removed and retroperitoneal space developed to ex- 
pose left renal vein. Splenic vein lying on posterior aspect of pan- 
creas is in close juxtaposition with renal vein, the tributaries of 
which have been ligated to facilitate anastomosis. 


technique (Fig 2). When the clamps are released, a thrill should be 
detected over the anastomotic site, indicating satisfactory flow. 
Prior to closure of the incision, postshunt portal pressure is mea- 
sured and compared with preshunt pressure. 


Report of a Case 


Ten years ago, the patient, a 64-year-old diabetic woman, un- 
derwent a hiatal hernia repair that was complicated by postopera- 
tive wound infection and dehiscence. Incisional hernioplasty was 
performed five years later, but failed because of the same compli- 
cations. Three years ago, hernioplasty with Marlex mesh was suc- 
cessful; however, there was postoperative hemorrhage of the up- 
per part of the gastrointestinal tract for the first time. Multiple 
episodes of bleeding from esophageal varices have been noted 
since that time. 

Recently, because of variceal bleeding, the patient underwent 
an attempted portacaval shunt via a right subcostal incision. Se- 
vere bleeding from dense adhesions was encountered, and the por- 
tal vein could not be identified. The operation was terminated and 
the patient was transferred to the University of California Medi- 
cal Center the following day. 

At the time of admission, the patient’s condition was stable 
with normal vital signs and no evidence of hemorrhage. The abdo- 
men was distended; there was massive ascites with copious drain- 
age from the drain site. Esophagoscopy revealed massive varices; 


„superior and mesenteric splenic arteriograms showed a patent 


portal system. Laboratory studies revealed the following values: 
bilirubin, 1.6 mg/100 ml; total protein, 5.2 mg/100 ml; albumin, 2.8 
mg/100 ml; and liver enzymes, within normal limits. Cultures of 
the ascitic fluid yielded Enterobacteriaceae. The following day, 
massive hemorrhage of the upper part of the gastrointestinal 
tract occurred. Whole blood was administered and an emergency 
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Fig 2.—Renal vein oversewn in renal hilus. Anastomosis of par- 
tially occluded splenic vein to divided renal vein. 


retroperitoneal renal-splenic shunt was performed. The portal 
vein pressure was lowered from 35 to 22 em of water. Postopera- 
tively the ascitic drainage ceased and no further variceal bleeding 
occurred. Liver function remained stable. Intravenous pyelogram 
indicated decreased left renal function that returned to normal 
one month later. The patient was discharged on an unrestricted 
diet. She has had no evidence of encephalopathy, ascites, or fur- 
ther bleeding in the nine subsequent months. 


RESULTS 


Satisfactory portal decompression was achieved in all 
patients. The average portal pressure prior to shunting 
was 43 cm of water. Following shunting the pressure was 
22 cm of water. All patients survived operation. Two pa- 
tients died later. No further variceal bleeding has oc- 
curred 1 to 24 months following operation. No patient has 
experienced hepatic dysfunction attributable to this oper- 
ation. Ascites was eliminated in three of five patients and 
reduced in the other two patients. Hepatic encephalopathy 
has not been observed despite the resumption of a regular 
diet. Postoperative renal scans were routinely performed 
and revealed temporarily impaired function of the left 
kidney in one patient. Long-term renal function remained 
normal in all patients. 

Patent shunts were found at autopsy in the two pa- 
tients who died (one of hepatitis and the other of myocar- 
dial infarction). Two of the five survivors have had follow- 
up angiographic demonstration of a patent shunt. 


COMMENT . 


The left retroperitoneal approach for portasystemic de- 
compression is an acceptable alternative to the conven- 
tional transperitoneal route. It provides access to the left 
renal vein and splenic vein and allows performance of sat- 
isfactory portal decompression when intra-abdominal on- 
ditions exist that render the traditional transperitoneal 
route hazardous. 
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Infected ascites, although rare, is a contraindication for 
the use of an intraperitoneal prosthetic shunt (mesocaval 
H graft) because of the risk of infecting the prosthesis. 
The presence of dense intra-abdominal adhesions from 
previous laparotomies is common in patients requiring 
portal decompression. These adhesions, containing mul- 
tiple hypertensive portal collaterals, are known to compli- 
cate the construction of a transperitoneal portasystemic 
shunt. Dissection is tedious and bleeding may be severe. 
Previous operations involving the biliary tract and upper 
part of the gastrointestinal tract, which are frequent in 
cirrhotic patients, obliterate tissue planes in the region of 
potential shunt sites and produce scarring in the portal 
triad that complicates mobilization of the portal system 
necessary to perform a shunt. Finally, massive aseites is 
frequently present in these patients. Acute loss of this 
large volume of protein-rich fluid occurs when the peri- 
toneal cavity is entered prior to performing any trans- 
peritoneal shunt. Rapid volume shifts with the tran- 
sudation of colloid-rich fluid from the circulating volume 
into the peritoneal cavity is a complicating feature post- 
operatively. Increased use of plasma substitutes and salt- 
poor albumin is mandatory in such instances in order to 
create circulatory homeostasis. A continued loss of ascitic 
fluid through the abdominal wound can be expected fol- 
lowing operation, which further complicates circulatory 
dynamics and delays wound healing. 

We have been pleased with the postoperative course and 
the long-term results in this small series of patients. Since 
the peritoneal cavity is not entered, postoperative ileus 
has been minimal. Pulmonary complications have not oc- 
curred, no diaphragmatic dysfunctions have been noted 
and no intraoperative bleeding problems have occurred. 
Postoperatively there have been no significant intravascu- 
lar volume shifts and colloid infusion has not been re- 
quired. 

elhe use of the left retroperitoneum limits choice of 
portasystemic shunts and requires knowledge of the renal 
status of the patient. If the presence of the left kidney 
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Retroperitoneal Renosplenic Shunt 


Patient/ Child’s Contraindications to 
Age (yr)/Sex Date Classification Transperitoneal Approach Results 
1/36/F 6/73 C Multiple previous laparotomies Died at 5 weeks from 
pulmonary emboli and pre- 
existing biliary cirrhosis 
2/57/F 2/74 B Multiple previous laparotomies Patent shunt by angiogram at 
1 month, alive at 16 months 
without further bleeding 
3/64/F 9/74 B Multiple previous laparotomies, Alive at 9 months without 
infected ascites, Marlex mesh further bleeding 
in abdominal wound 
4/72/F 11/74 B Multiple previous laparotomies, Died at 8 weeks from 
ascites myocardial infarction 
5/65/F 1475 A Ascites Patent shunt by angiogram at 5 
months, no further bleeding 
6/51/M 3/75 B Multiple previous laparotomies, Alive at 3 months without 
ascites further bleeding 
7/52/F 5/75 A Previous laparotomy, ascites Alive at 1 month 





without further bleeding 


and left renal vein are not evident from previous por- 
tographic studies, an abdominal roentgenogram following 
the intravenous injection of 50 ml of diatrizoate meglu- 
mine (Renografin) will define the presence and location of 
the left kidney prior to an urgent operation. 

The divided left renal vein has been used as a conduit to 
connect the systemic venous system to the portal system 
since 1964.' Subsequent authors have expanded the use of 
the divided left renal vein for anastomosis to various 
veins of the portal system.” Normal renal venous drainage 
will occur if the adrenal and gonadal tributaries are pre- 
served. Warren and associates? reported no permanent re- 
nal damage when these potential collateral sources were 
ligated during mobilization of the left renal vein. 

We have used the divided left renal vein for 25 consecu- 
tive portal decompressive procedures (seven retroperito- 
neal, 18 transperitoneal). In two thirds of the patients, an 
adequate length of main renal vein was obtained for a re- 
nal-splenic anastomosis only by ligating the adrenal and 
gonadal tributaries. No patient has sustained irreversible 
damage to the left kidney as a result. 

Anomalies of the left renal vein are not uncommon.’ 
Construction of a successful renal-splenic shunt was pos- 
sible in the two patients in our series with such anomalies. 
One patient had a double renal vein and the other a ret- 
roaortic renal vein. 

The retroperitoneal approach may be contraindicated in 
the patient who has had previous dissection of the retro- 
peritoneal space (eg, left renal operation) or peripancreatic 
fibrosis following acute pancreatitis. In these instances, 
dissection and identification of the splenic and renal veins 
may be hazardous or impossible and an alternative site for 
a postasystemic shunt should be considered. 

Ne 
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Discussion 


WituiaM F. BLAISDELL, MD, San Francisco: I would like to con- 
gratulate the Stoney-Mehigan-Oleott group for their description 
of an alternative approach to portal decompression. Certainly the 
patients with massive ascites and those with vascular adhesions 
due to previous surgery constitute a problem for the surgeon. This 
approach offers a means of avoiding some of these difficulties. 

The blood loss associated with dissection of adhesions and 


plasma loss associated with drainage of the ascitic fluid may 


create cardiovascular instability that may aggravate liver dam- 
age and jeopardize the patient’s recovery. 

Dr Mehigan might put the ease with which the operation can be 
conducted in better perspective by answering the following ques- 
tions: (1) what is the duration of the operation when carried out by 
the retroperitoneal route as opposed to the transperitoneal route; 
(2) what is the duration of operation when compared to the stan- 
dard operation of end-to-side portacaval shunt; (3) what is the 
blood loss with this retroperitoneal approach as opposed to the 


_ Standard intraperitoneal approach; (4) how practical would this 
= approach be as a standard method of portal decompression; (5) 
= you have stated that the presence of pancreatitis is a relative con- 


traindication of this approach: how does one define pancreatitis 
severe enough to contraindicate this operation; (6) finally, how is 
the ascites managed in these patients: is preliminary decompres- 
sion carried out and ascitic fluid removed by paracentesis prior to 
performing the operation? 

WituiAM S. BLAKEMORE, MD, Toledo, Ohio: Several years ago 
Drs Nusbaum, Baum, and I introduced the use of surgical poste- 
rior pituitary injection (Pituitrin) intra-arterially during surgery 
for portal hypertension. We have continued its use and believe it 
decreases the loss of blood and the time required for the dis- 
section, even though the amount of time is difficult to evaluate 
quantitatively. I appreciate the dilemma Dr Stoney also has with 
comparing one technique of measuring intraoperative blood loss 
to another when dealing with a group of patients with complica- 
tions. The approach reported here increases the options available 
to the surgeon in these patients. 

Rogert R. Hopkins, MD, Providence, RI: Approximately nine 
years ago, at a meeting of the Society for Vascular Surgery, Dr 
Simeone and I presented a consecutive series of 11 patients in 
which the divided left renal vein was used to decompress the por- 
tal vein for portal hypertension. The renal vein can be ligated and 
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vena caval end used for decompression of the portal vein with — 


little or no impairment of renal function. b 

When catheterizing the ureters in several of these patients, we 
encountered technical problems; however, we were able to mea- 
sure the creatinine clearance postoperatively in two patients. The 
values remained normal or near normal. 

In one patient, the intravenous pyelogram showed diminished 
function of the kidney with the divided vein at three weeks, but 
function was normal at six weeks. Postoperative pyelograms of 
the remaining patients were normal. 

It seems that the renal vein can be ligated almost with im- 
punity. 

Dr Stoney: The following are in answer to Dr Blaisdell’s ques- 
tions. 

First, if one compares the retroperitoneal approach to a stan- 
dard transperitoneal approach for the “ideal” patient, I think a 
straightforward, uncomplicated, end-to-side portal caval shunt 
could be done in two thirds of the time that would be required to 
do a retroperitoneal renal-splenic shunt. In the type of patient we 
selected for the retroperitoneal operation, it might take two- 
thirds longer to do an end-to-side portal caval shunt, using the 
transperitoneal route. 

Secondly, blood loss has not been a problem with this approach. 
The average blood loss is 1 to 3 units. There has not bean major 
operative bleeding even when we have had to mobilize a circum- 
ferential segment of splenic vein. 

In response to the question regarding contraindications, one at- 
tack of abdominal pain, presumably pancreatitis in the alcoholic 
patient, would not be a contraindication. We encountered one pa- 
tient who had, in fact, clear-cut evidence of recurrent pancreatitis 
with abscess formation. We made the mistake of attempting the 
retroperitoneal approach and were forced to abandon this route to 
use the transperitoneal approach, which was simpler in this pa- 
tient. 

Previous left renal surgery might be another contraindication. 

Regarding the management of preoperative ascites, Dr Blais- 
dell, we have not used paracentesis. Since we do not enter the peri- 
toneal cavity, we avoid the ascitic fluid entirely. Postoperatively, 
patients slowly resorb most or all of their ascites. The gradual 
fluid shifts that occur are easily tolerated, as compared to the 
acute fluid shifts that occur following loss of the ascitic fluid in a 
conventional transperitoneal operation. 

Dr Blakemore, we have not used intra-arterial or intravenous 
posterior pituitary injections either preoperatively or for the man- 
agement of operative bleeding. 

Dr Hopkins, we are indeed indebted to the work that you and 
Dr Simeone and others have reported regarding the safety of divi- 
sion of the left renal vein for access to the aorta or for a conduit 
for portal decompression. 
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Surgical Treatment of 


Popliteal Artery Injuries 


David M. Conkle, MD; Robert E. Richie, MD; 
John L. Sawyers, MD; H. William Scott, Jr, MD 


è Twenty-seven patients with injury to the popliteal artery and 

associated structures were operated on during the past 15 years. 
There were no operative or hospital deaths. The limb salvage 
rate was 56%; the amputation rate was 44%. Those patients with 
penetrating injuries were found to have a much better salvage 
rate (85%) than those with blunt trauma (29%). 
_ Preoperative arteriography and immediate repair of the poplit- 
eal artery by either end-to-end anastomosis or a vein graft is 
advocated for these patients. Popliteal vein injuries should be 
repaired when possible by lateral suture or end-to-end anasto- 
mosis. Fasciotomy is advocated on a selected basis. 

(Arch Surg 110:1351-1354, 1975) 


he surgical management of popliteal artery injuries 
has changed greatly in the last 30 years. Prior to and 
during World War II, the primary treatment for this in- 
jury was ligation.’* This mode of treatment was as- 
sociated with an amputation rate of approximately 70%. 
During the Korean conflict the techniques of arterial re- 
construction utilizing lateral suturing, end-to-end anasto- 
mosis, and vein graft interposition were introduced.*~ 
Hughes’ report, summarizing the experience of arterial 
repair in Korea, made reference to 68 popliteal artery re- 
constructions. The amputation rate was 32.4%. Since the 
Korean conflict, the techniques of arterial repair have 
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been increasingly refined. However, the failure rate with 
popliteal artery repairs has remained high. Rich and col- 
leagues® reviewed the Vietnam experience and found an 
amputation rate of 32%. The civilian experience with this 
injury’ has been comparable except for the reports of 
Eger et alè and Hermreck et al,° who reported amputation 
rates of 10% and 16.6%, respectively, following popliteal 
artery repair. 

With the above reports as a stimulus, the experience at 
the Vanderbilt University Affiliated Hospitals was re- 
viewed in an attempt to evaluate our results and define an 
acceptable approach in this injury’s management. 


SUBJECTS 


Twenty-seven patients with injuries to the popliteal artery and 
associated structures have been treated at the Vanderbilt Univer- 
sity Affiliated Hospitals since Jan 1, 1959. There were 22 males 
and five females. Their ages ranged from 11 to 72 years, with the 
average age being 33 years. The types of injury sustained were 
penetrating wounds (gunshot wounds [11] and lacerations [2]) in 
13 patients and blunt trauma in 14 patients. 

Associated injuries were found in 26 of the 27 patients. Nine- 
teen patients had injured the peroneal or sciatic nerve. Twenty 
patients had an injury of the popliteal vein. Eight patients had 
concomitant fractures of the femur, tibia, or fibula and five had 
dislocation of the knee. Four patients had massive soft tissue in- 
jury. 

Preoperative arteriography was obtained in 19 patients (Fig- 
ure). In all 19 patients, the location of the injury was defined and 


in three patients an unexpected arteriovenous fistula was definet: w 


Operative exploration was carried out in all 27 patients. The 
time interval from accident to operative exploration was less than 
ten hours in 25 patients. Two patients were referred to Vanderbilt 
Hospital after three days of ischemia. There were no operative or 
hospital deaths. The popliteal space was approached through a 
medial incision in 22 patients and a posterior incision in five pa- 
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Preoperative (left) and postoperative (right) arteriograms in patient with popliteal artery disruption 
secondary to knee dislocation. Popliteal artery was repaired with end-to-end anastomosis. 


tients. The operations performed were as follows: saphenous vein 
graft, ten patients; end-to-end anastomosis, nine patients; lateral 
suture, two patients; thrombectomy, two patients; bovine graft, 
one patient; Teflon graft, one patient; ligation of popliteal artery, 
one patient; and above-knee amputation, one patient. Successful 
salvage of the leg was accomplished in 15 of the 27 patients (56%): 
12 patients (44%) required amputation. Eleven of the 13 patients 
(85%) who received a penetrating wound had a successful recon- 
struction. However, only four of the 14 patients (29%) with blunt 
trauma had their leg salvaged. 

When associated injuries were correlated with successful or un- 
successful reconstruction, the presence of long bone fractures and 
knee dislocation secondary to blunt trauma were both associated 
with a low success rate (0 of eight and three of five patients, re- 
spectively). None of the legs of the four patients with massive soft 
tissue injury were salvaged. Nine of the 20 popliteal vein injuries 
were repaired, and seven of these patients had their limb sal- 
vaged. 


COMMENT 


Past experience has shown that injury of the popliteal 
artery often results in loss of the involved limb.'3:* The ex- 
perience in our hospitals confirms this, with the overall 
amputation rate for popliteal artery injuries being 44%. 
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When each case was examined, several factors were ap- 
parent that helped better our understanding of both the 
successful and unsuccessful reconstructions. 

The lag time between injury and reestablishment of 
flow must be kept at a minimum. This point has been dis- 
cussed in clinical reviews* as well as investigated in the 
laboratory. The exact interval is probably variable and 
would appear to be related to available collaterals. In our 
series all operations were performed within ten hours of 
the injury, except for two patients who had a three-day 
interval between their injury and reestablishment of 
blood flow. Both of these patients had successful re- 
anastomoses but required amputation for infection and 
myonecrosis. 


The type of wound affects the salvage rate. In those pa- ° 


tients who had a penetrating injury, the salvage rate was 
85%. In those who received blunt trauma to the popliteal 
region, the limb salvage rate was only 29%. These patients 
with blunt trauma had more extensive injuries with asso- 
ciated long bone fractures, knee dislocations, and massiye 
soft tissue injury. Thus, the extent of the injury appears 
to be a major determinant in limb salvage. In patients 
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“with blunt trauma the fractures should be stabilized ex- and end-to-end anastomoses should be performed only if no 


ternally. The wound should be debrided extensively until 
all remaining soft tissue is assuredly viable. Anastomoses 
or graft coverage should be with muscle whenever pos- 
sible, but subcutaneous tissue, skin grafts, or biologic 
dressings can also be employed. 

In examining each operation performed, we found that 
13 of the 15 successful salvage procedures employed 
a saphenous vein graft or an end-to-end anastomosis. 
Lesser operations, such as lateral suturing and throm- 
bectomy, should be used sparingly. Care must be taken in 
patients whose vessel appears intact and occluded with 
thrombus. These vessels will almost certainly have intimal 
damage that will prohibit a successful thrombectomy. In 
transected vessels the ends should be free of gross injury 


tension is present. In all other cases a reversed saphenous 


vein from the noninvolved leg should be used. If soft 


tissue injury prohibits adequate coverage of an end-to- 
end anastomosis, a saphenous vein graft can be routed 
through viable tissue and thus avoid the injured area. Al- 
though only nine of the 20 popliteal vein injuries were re- 
paired, we agree with the current beliefs’ that the vein 
should be repaired whenever possible. Sullivan et al” have 
shown that extremity stasis and edema are reduced fol- 
lowing popliteal vein repair and that limb salvage is im- 
proved. Although only employed in four patients, fase- 
iotomy should play a role in the management of those 
patients who develop decreased perfusion as a result of 
anterior compartment compression. 
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Discussion a 
Dr Levine: Jackson, Miss: I enjoyed hearing the results of the volved trauma of the popliteal artery, delayed recognition, failure k 
authors’ experience with this challenging injury. An amputation of repair, and amputation, far exceeds any other problem that I A 
rate of 34% was obtained in 21 popliteal artery injuries treated at have been asked to comment on in vascular surgery. ; 
the University of Mississippi Medical Center. These included ten I congratulate the authors, not only for a good presentation, but } 
bullet wounds, four shotgun wounds, three dislocation of the knee, for again emphasizing a major problem area. 
three blunt injuries to the popliteal fossa, and one stab wound. KENNETH L. Mattox, Houston: Among 65 patients with poplit- 
As in the present study, major factors influencing amputation eal artery injuries admitted to Houston’s Ben Taub Hospital, 82% 
were delays of diagnosis of injury and the extent of vein, soft tis- of whom had preoperative arteriography, there was an overall 
sue, muscle, bone, and nerve injury. In our series we found that if amputation rate of 23.5% and a mortality, basically from associ- 
the injury was repaired within 12 to 14 hours of its occurrence, the ated thoracic and abdominal injuries, of 6.9%. 4 
amputation rate was similar to that in those repaired in six hours. We commend Dr Richie and his associates on successful poplit- 2 
We have had to amputate on two occasions because of problems eal artery reconstruction in 60% of the patients with intimal dis- A 
with extensive necrosis, in spite of patent grafts and fasciotomies, section of the popliteal artery from posterior dislocation of the 
because of secondary metabolic sequels or muscle loss. knee. This represents about 20% of those successfully managed in 
In a patient, who has sustained severe myonecroses in his ante- the literature. 
rior compartment we would like to ask the authors if they have In two similar successful cases, we learned that one must per- 
any criterion for evaluating patients preoperatively. We have form the conduit prosthetic anastomosis at the distal popliteal ar- 
been feeling the calf carefully, and if there is a high degree of tery quite near the takeoff from the anterior tibial artery. Should 
muscle rigor with an anesthetic paralyzed foot, we would seriously balloon catheters be used in these arterial stretch, Chinese finger 
consider a primary amputation. trap, type injuries, the catheter should be passed quite gently 
NorMAN M. Ricu, MD, Washington, DC: I agree with the au- along an already traumatized intima. 
thors’ thoughts. Many of you may remember that three years ago One question haunts the surgeon evaluating vascular trauma 
we analyzed 125 patients who had popliteal vascular trauma that and I pose it to the authors based on their experience. Does the 
ended in amputation. An analysis of our material was similar to importance of popliteal venous continuity in the patient with 
what the authors presented. trauma to the popliteal fossa indicate that phlebography shotkL, 
My main comment at this time is to emphasize that popliteal now be proposed as a routine evaluation? When arteriography re- 
vascular trauma remains a problem. The authors noted that there sults are normal, what operative procedure, if any, should be per- 
are two studies where the amputation rate is quite low, but one is formed on the isolated popliteal vein injury, such as venous repair, f 
a%eries of only ten patients. We are talking about a problem, not ligation, fasciotomy, or merely continued observation? d 
about the patients who do well. FRANK C. SPENCER, MD, New York: I would like to ask two 4 


In my own practice, the number of ligation procedures that in- 
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questions. The amputation rate reported by Dr Richie in this 
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careful analysis is typical of the unsolved problem with severe 
injuries of the popliteal artery, for the amputation rate has 
remained near 30% for the last 15 to 20 years. I would like to know 
if the amputations in this group were due to operating too late 
after the injury, at a time when muscle necrosis was irreversible, 
or whether the failures were due to ineffective vascular recon- 
struction. 

Patients operated on after irreversible muscle necrosis has oc- 
curred can be recognized in retrospect, for gangrene progresses 
despite adequacy of vascular repair, but little can be done to im- 
prove the care of such patients, except to hope that the operation 
can be done earlier. The decision for primary amputation in such 
patients is a particularly elusive one. 

The most common failure, however, is a failure of vascular re- 
construction because of the combined problem of arterial injury, 
venous injury, and soft tissue injury. I seriously wonder if at- 
tempts at primary repair should not be abandoned with such mas- 
sive injuries, and instead an extra-anatomic bypass performed 
from the femoral artery proximally to one of the arteries in the 
midleg distally. The soft tissue injury could then be debrided and 
vascular reconstruction performed later. What should be done 
with the popliteal vein injury is uncertain, but if repair is feasible 
it certainly should be done. 

Attempts at primary repair usually fail for one or two reasons. 
If the soft tissues are radically debrided, there is inadequate re- 
maining tissue to cover the site of vascular reconstruction; so, sec- 
ondary hemorrhage and thrombosis occur. However, if radical 
debridement is not done, infection commonly supervenes with 
the same end result. This dilemma has been reported again and 
again; so I seriously wonder if a new approach is not needed ahd I 
would appreciate Dr Richie’s comments about this. 

All of us appreciate his contribution of bringing this basically 
unsolved problem to our attention. With all of the bright investi- 
gators in this room, our goal should be to reduce the amputation 
rate to the range of 10% within the next three to four years. 

Dr ConkLE: In listening to Dr Levine’s data, I think his patient 
population compares somewhat with ours, except that the number 
of blunt trauma patients in his series was somewhat smaller. I 
would think that those patients with massive blunt trauma in his 
series contributed to the large majority of his amputations. In re- 
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gard to his criteria for evaluation of myonecrosis, I agree this is a 


very difficult problem. In examining the patients preoperatively 
we have looked at the degree of tissue damage, but have at- 
tempted to revascularize all of our patients. We believe that exter- 
nal stabilization in the massively injured extremity is important 
because it allows very close postoperative observation. 

In answer to Dr Mattox, popliteal venous continuity is some- 
thing that we have been hearing about of late. We do believe that 
it is important to reestablish venous flow when at all possible. As 
far as phlebography is concerned, we have not done this at our in- 
stitution. 

In answer to Dr Spencer, when we examined our failures, two 
patients had failures secondary to penetrating trauma. One pa- 
tient had a thrombectomy in a limb that had been caught in a corn 
picker. This thrombectomy was carried out on three different oc- 
casions and finally flow was reestablished. However, the patient 
went on to lose his limb. The other patient had a shotgun wound to 
the popliteal artery. There were multiple pellet perforations, and 
these were closed with lateral sutures. This patient had inade- 
quate flow immediately following the operation and went on to 
lose his limb. 

In the ten patients with blunt trauma who failed, six had no ob- 
jective reestablishment of flow following operation, eight had long 
bone fractures, two had knee dislocations, and four of these pa- 
tients had massive soft tissue injury. 

So, the failures in our series were primarily due to two causes: 
(1) massive trauma and (2) the inability to reestablish flow follow- 
ing the operative procedure. 

As far as grafting around the area of blunt trauma, we have had 
the opportunity to do this in one patient who had severed his leg 
above the knee, except for some soft tissue and muscle continuity 
of the medial aspect of his thigh. We initially attempted to do a 
saphenous vein graft in that area, stabilized the extremity, and 
covered the graft with existing muscle. The patient went on to 
have infection and bleeding at this site. We went back and 
rerouted the saphenous vein graft through the subcutaneous 
tissue, which remained viable. However, the patient went on to 
lose his limb. 

There have been several recent reports in which this has been 
attempted and it certainly merits further investigation. 
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Before prescribing MINOCIN, please see a summary of product 
information, including Warnings, Precautions and Adverse Reac- 








oxygen Is 


First things 
first 


Take anaerobic 
specimens 


Í In suspected or overt anaerobic infections, 
avoid exposure of clinical specimens to 
oxygen. 





Suitable specimens include aspirated 
material from sites of infection and tissue 
biopsies. 


After collection by aspiration, clear syringe 
of air and inject material into a gassed-out 
tube or vial. 


Order culture of material as soon as possible 
after collection. This should be done in a 
freshly prepared oxygen-reduced medium. 


If not cultured immediately, order specimen 
to be placed in an anaerobic environment 
until processed. 


in anaerobic infections* 


tions, which appears on reverse side. 


contraindicated, *- 


But dont wait too long 


for results before 
beginning therapy 


Because anaerobic infections frequently progress 
to septicemia rather quickly, vigorous therapeutic 


action is often necessary even before isolation of 
Causative pathogens and drug sensitivity testing. 
Early recognition of predisposing conditions 


can accelerate presumptive diagnosis of anaerobic 
infections. Such clinical clues include malignancy, 


vascular insufficiency, proximity to mucosal 
surfaces, foul discharge, tissue necrosis, black 
discoloration, “sterile” abscess, septic thrombo- 
phlebitis. 

Treatment generally calls for surgical drainage 
of localized pus and rapid institution of an appro- 
priate I.V. antibacterial agent. Ideally, of course, 
it should provide prompt and prolonged serum 
levels and activity against anaerobes commonly 
implicated in single or mixed infections of 
G.I., G.U. and respiratory tracts, and skin and 
soft tissue. 


"~ Minoan 
InNOoOCcIN 
MINOCYCLINE HCI 
Effectiveness 


*Therapy should not be continued unless bacteriologic testing 


indicates appropriate susceptibility of causative pathogens 
to MINOCIN Minocycline HCI. 
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Effective systemic therapy before and after 
surgical intervention of intra-abdominal 
single or mixed anaerobic infection* 


Penetrates: appendix, bladder, colon, 
duodenum, gallbladder, kidney, liver, ovary, 
prostate, rectum, stomach. Tissue pene- 
tration is regarded as essential to thera- 
peutic efficacy but specific penetration 
levels have not been directly correlated 
with specific therapeutic effects. 


Active against anaerobes: Bacteroides sp. 
and Clostridium sp.; and anaerobes 
implicated in mixed G.I. and G.U. infections: 
E. coli, Klebsiella sp., Mima-Herellea sp., 
Enterobacter aerogenes. 





May be given in renal impairment at lower 
than usual total doses. (See WARNING in 
Package Insert) 


Usual adult I.V. and oral dosages: 200 mg 
initially, 100 mg q. 12 h. Alternatively, if 
more frequent oral doses are preferred, 

2 or 4 50-mg capsules may be given initially 
followed by one 50-mg capsule 4 times daily. 


CNS side effects including lightheadedness, 
dizziness or vertigo have been reported 
with MINOCIN. Patients who experience 
these symptoms should be cautioned about 
driving vehicles or using hazardous 
machinery while on minocycline therapy. 


a anaerobic infections* 


“Minocdin 


MINOCYCLINE HCI 


INTRAVENOUS 100 mg/ vial 
CAPSULES 100 mg and 50 mg 
SYRUP 50 mg/5 cc 


semisynthetic tetracycline 
for office and hospital 


LEDERLE LABORATORIES 
A Division of American Cyanamid Company 
Pearl River, NY. 10965 


*Therapy should not be continued unless bacteriologic testing 
indicates appropriate susceptibility of causative pathogens 
to MINOCIN Minocycline HCI. 


In the interest of ecology this advertisement 
is printed on recycled paper. 








MINOCIN Minocycline HCI 
Oral and Intravenous Brief Summary 


Contraindications: Hypersensitivity to any tetracycline. 


Warnings: Intravenous use, particularly in pregnancy. in 
daily doses exceeding 2 grams has been associated 
withydeaths through liver failure.When need for ntensive 
treatment outweighs potential dangers, perform renal 
and liver function tests before and during therapy; also 
follow serum concentrations. In renal impairment, usual 
doses may lead to excessive accumulation anc liver 
toxicity. Under such conditions, use lower total doses, 
and, in prolonged therapy, determine serum levels. This 
hazard is of particular importance in I.V. use in sregnant 
or postpartum patients with pyelonephritis. In such 
cases, the blood level should not exceed 15 mcgm/ml. 
and liver function tests should be made at frequent 
intervals. Do not prescribe other potentially hepato- 
toxic drugs concomitantly. The use of tetracyclines 
during tooth development (last half of pregnancy, 
infancy and childhood to the age of 8 years) may cause 
permanent discoloration of the teeth (yellow-g-ay- 
brown). This is more common during long-term use but 
has been observed following repeated short-term 
courses. Enamel hypoplasia has also been reported. 
Tetracyclines, therefore, should not be used in this age 
group unless other drugs are not likely to be effective 
or are contraindicated. Photosensitivity manifested by 
an exaggerated sunburn reaction has been observed in 
some individuals taking tetracyclines. Advise patients 
apt to be exposed to direct sunlight or ultraviolst light 
that such reaction can occur, and discontinue treat- 
ment at first evidence of skin erythema. Studies to date 
indicate that photosensitivity is rarely reported with 
MINOCIN minocycline HCI. In patients with signifi- 
cantly impaired renal function, the antianabolic action 
of tetracycline may cause an increase in BUN leading 
to azotemia, hyperphosphatemia, and acidosis CNS 
side effects (lightheadedness, dizziness, vertigo) have 
been reported, may disappear during therapy, and 
always disappear rapidly when drug is discontinued. 
Caution patients who experience these symptoms 
about driving vehicles or using hazardous machinery 
while taking this drug. Pregnancy: In animal studies, 
tetracyclines cross the placenta, are found in fetal 
tissues, and can have toxic effects on the developing 
fetus (often related to retardation of skeletal develop- 
ment). Embryotoxicity has been noted in animals 
treated early in pregnancy. Newborns, infants and 
children: All tetracyclines form a stable calcium 
complex in any bone-forming tissue. Prematures, given 
oral doses of 25 mg./kg. every 6 hours, demonstrated 

a decrease in fibula growth rate, reversible when drug 
was discontinued. Tetracyclines are present in the milk 
of lactating women who are taking a drug in this class. 


Precautions: Use may result in overgrowth of non- 
susceptible organisms, including fungi. If superinfection 
occurs, institute appropriate therapy. In venereal 
diseases when coexistent syphilis is suspectec. dark- 
field examination should be done before treatment is 
started and blood serology repeated monthly for at least 
four months. Patients on anticoagulant therapy may 
require downward adjustment of such dosage. Test for 
organ system dysfunction (e.g., renal, hepatic and 
hemopoietic) in long-term use. Treat all group A beta- 
hemolytic streptococcal infections for at least 10 days. 
Avoid giving tetracycline in conjunction with penicillin. 
Adverse Reactions: GI: (with both oral and parenteral 
use): Anorexia, nausea, vomiting, diarrhea, glossitis, 
dysphagia, enterocolitis, inflammatory lesions (with 
monilial overgrowth) in anogenital region. Skin: Macu- 
lopapular and erythematous rashes. Exfoliative derma- 
titis (uncommon). Photosensitivity is discussec above 
(‘Warnings’). Renal toxicity: Rise in BUN, dose-related. 
(See 'Warnings:’) Hypersensitivity reactions: Lrticaria, 
angioneurotic edema, anaphylaxis, anaphylactoid 
purpura, pericarditis, exacerbation of systemic lupus 
erythematosus. In young infants, bulging fontanels have 
been reported following full therapeutic dosage, 
disappearing rapidly when drug was discontinued. 
Blood: Hemolytic anemia, thrombocytopenia, neutro- 
penia, eosinophilia. CNS: (See “Warnings: ) When given 
in high doses, tetracyclines may produce brown-black 
microscopic discoloration of thyroid glands; no 
abnormalities of thyroid function studies are known 

to occur. 


NOTE: Concomitant therapy: Antacids containing 
aluminum, calcium, or magnesium impair absorption; 

do not give to patients taking oral minocycline. Studies - 
to date indicate that absorption of MINOCIN isnot 


notably influenced by foods and dairy products. da 
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Unusual Manifestations of 


Penetrating Cardiac Injuries 


Manoucher Fallah-Nejad, MD; Herbert W. Wallace, MD; 


Chia C. Su, MD; Ahmed C. Kutty, MD; William S. Blakemore, MD 


è Penetrating cardiac injuries frequently first appear in an un- 
usual and insidious manner, and their diagnosis may not be im- 
mediately obvious. In a series of 20 cases of cardiac injury, ten 
cases were indicative of such subtle symptoms, several of which 
were life-threatening. These unusual manifestations can be 
categorized as early, intermediate, or late. Early problems of four 
patients included the following: (1) sudden onset of shock dur- 
ing laparotomy, performed due to apparent abdominal trauma; 
(2) cardiac arrest on arrival in the emergency room; and (3) cere- 
bral air embolus that mimicked symptoms of possible irrevers- 
ible anoxic brain damage. The intermediate manifestations of 
cardiac injury are usually discovered in the early recovery pe- 
riod, and include myocardial infarction with cardiogenic shock 
and bullet embolus to a peripheral artery. Intermediate manifes- 
tations were observed in two patients. Four patients had late 
complications that included pseudoaneurysm, ventricular septal 
defect, valvular damage, and recurrent pericarditis. These late 
complications were observed between one month and 21 years 
after cardiac injury. This indicates the necessity of long-term fol- 
low-up of these patients. 

(Arch Surg 110:1357-1362, 1975) 


Re antiquity to the present, physicians have been 
interested in wounds of the heart.’ During the Ren- 
aissance, Ambroise Paré dispelled the long-accepted 
notion that cardiac injuries were usually fatal. In 1810, 
Larrey* was the first to decompress the pericardium suc- 


e cessfully. The first repair of the underlying myocardial 


laceration took place in 1896.° Since that time, the meth- 
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ods of diagnosis and management of penetrating cardiac 
injuries have become increasingly complex, and there has 
been an improvement in results. The clinical manifesta- 
tions of cardiac injuries are frequently subtle and may 
prevent the correct diagnosis. In this study, we present 
examples of the unusual manifestations of penetrating 
cardiac injuries. 


CLINICAL SUBJECTS 


Between July 1962 and July 1974, 20 patients between the ages 
of 17 and 48 years were brought to the emergency room with pen- 
etrating cardiac injuries. There were 14 men and six women. The 
sites of penetration were as follows: (1) right atrium (five pa- 
tients); (2) right ventricle (seven patients); (3) left ventricle (six 
patients); (4) left atrium (one patient); and (5) pulmonary conus 
(one patient). These sites of penetration are illustrated in Fig 1. 
All patients were treated surgically and recovered successfully. 
The clinical diagnosis of the condition of these patients was imme- 
diately obvious only in slightly more than 50% of the subjects. The 
unusual clinical manifestations of cardiac injuries are classified as 
early, intermediate, or late, and they relate the time of diagnosis 
to the time of injury. We have included case histories that are ex- 
amples of each diagnosis classification. 

Early manifestations include midlaparotomy shock, secondary 
cardiac arrest, and cerebral air embolus, all of which are illus- 
trated in cases 1 and 2. 

Intermediate manifestations, such as postoperative cardiogenic 
shock and bullet embolus, were found during the early postopera- 
tive period, as seen in cases 3 and 4. 

Delayed manifestations occurred in four patients, and included 
pseudoaneurysm and ventricular septal defect (case 5) and recur- 


rent pericarditis and mitral valve damage (cases 6 and 7, respe- 


tively). 


REPORT OF CASES 
Early Manifestations 


Case 1.—A 48-year-old man was brought into the emergency 
room. He was hypotensive and diaphoretic. The patient had a stab 
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Fig 1.—Site, type, and distribution of cardiac injuries. Asterisks 
bullets; crescents = stab wounds; RA = right atrium; RV =right 
ventricle; LV = left ventricle; LA = left atrium: PA = pulmonary ar- 
tery (pulmonary conus). 


wound on the epigastrium on the right and showed clinical evi- 
dence of penetrating abdominal injuries. Heart sounds, venous 
pressure, and a roentgenogram of the chest were normal. A large 
hepatic injury was identified at laparotomy and the hemorrhage 
was controlled. During the latter stages of this procedure, a para- 
doxical deterioration in the patient’s condition occurred, which 
was indicated by hypotension and the appearance of a distention 
of the neck veins. His blood pressure did not respond to fluid and 
volume replacement. Using the low pericardiotomy subxiphoid ap- 
proach of Sauerbruch® with peripheral mobilization of the dia- 
phragm (Fig 2), a large hemopericardium (approximately 300 ml) 
was identified and removed, revealing a laceration of the right 
atrium. A thoracotomy was performed and the atrium was re- 
paired. The unexpected occurrence of profound shock at the time 
of laparotomy after the apparent injury had been repaired was 
the only indication that cardiac tamponade had occurred. This 
case is an example of the early manifestations of this life-threat- 
ening problem. Had the problem not been recognized and dealt 
with immediately, it would have been fatal. 

CASE 2.—A 43-year-old woman was brought to the emergency 
room. She was unconscious and had a stab wound on the left side 
of the chest above the nipple. No blood pressure could be obtained 
and there was no spontaneous respiration. Cardiac tamponade 
was suspected, and pericardiocentesis yielded 190 ml of blood. Her 
blood pressure promptly rose to 90 mm Hg and heart sounds be- 
came audible, but she remained deeply comatose and her pupils 
were unequal. A chest roentgenogram revealed (Fig 3) hemopneu- 
mothorax and pneumopericardium. An intercostal chest tube was 
inserted and thoracotomy was performed. A through-and-through 


Fig 3.—Chest roentgenogram (case 2). Note pneumopericardium 
and hemopneumothorax. 
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Fig 4.—Frame from cineangiocardiograph (case 7). Ventriculograph shows opacification of atrium on the left. 


laceration of the left ventricle was observed, and this was re- 
paired immediately. The patient remained unconscious for two 
days after surgery before she regained consciousness. Hemiplegia 
was present on the left side of her body, but it completely cleared 
within two weeks. When she was examined three months later, we 
detected a false aneurysm of the left ventricle. Although her ini- 
tial symptoms suggested irreversible brain damage secondary to 
cerebral anoxia, her ultimate recovery suggests that a cerebral air 
embolus at the time of injury was the probable cause of her neuro- 
logic symptoms. This case illustrates the unexpected and unusual 
picture of a cerebral air embolus secondary to tension pneu- 
mopericardium, which is not a well-recognized entity. 


intermediate Manifestations 


Case 3.—A 82-year-old man was admitted to the emergency 
room with a bullet wound on the left side of his chest. On arrival, 
he was in severe shock with agonal respirations that soon ceased. 
The usual emergency measures were promptly undertaken and an 
intravenous line of a large diameter was inserted directly into the 
saphenous vein. An immediate resuscitative thoracotomy was per- 
formed. An autotransfusion unit was utilized in addition to vol- 
ume replacement. At the time of surgery, there was a wound of 
the right ventricle that was slightly lateral to the anterior de- 
scegding branch of the coronary artery on the left, and there was 
no heart beat. However, the coronary artery appeared to be in- 
tact. The wound was repaired with Teflon felt. After adequate vol- 
ume replacement, the heart beat returned spontaneously, and nor- 
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mal blood pressure was obtained. The initial recovery of the 
patient was uneventful, but on the second day after surgery, he 
developed signs of cardiogenic shock, as well as dyspnea and 
hypotension. There were changes in the results of an electrocardi- 
ogram and an elevation of enzymes, which indicated myocardial 
infarction. He responded to conservative treatment and recovered 
fully. The clinical course suggested that the high-velocity bullet 
induced myocardial damage with coagulation necrosis of the ante- 
rior descending branch of the coronary artery on the left, which 
first appeared to be cardiogenic shock. 

Case 4.—A 42-year-old woman was admitted to the emergency 
room with multiple gunshot wounds on the left side of the chest 
and the left forearm and the right buttock. She was unresponsive 
with no obtainable blood pressure and only faint femoral pulses. 
Central venous pressure (CV P) was 25 cm H,O. Endotracheal intu- 
bation, insertion of multiple intravenous lines, thoracostomy 
(yielding 700 ml of blood), and pericardiocentesis (yielding 140 ml 
of blood) were simultaneously carried out. Her blood pressure rap- 
idly rose to 55/0 mm Hg and she began to breath spontaneously. A 
thoracotomy on the left side of the chest was performed immedi- 


ately. A single bullet wound of the left ventricle was repaired with * 


Teflon felt. No exit wound was found in the heart or adjacent 
great vessels. A roentgenogram taken immediately after surgery 
did not reveal within the thoracic cavity the foreign body that had 
previously been noted on the preoperative x-ray film. On the sec- 
ond day after surgery, the patient developed pain, and no pulses 
could be obtained in the right arm. A roentgenogram confirmed 
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the suspicion of bullet embolus. The bullet was extracted from the 
brachial artery during surgery, and circulation was restored. This 
case demonstrates the delayed appearance of bullet embolus. 


Late Manifestations 


Case 5.—A 19-year-old man was brought to the emergency ward 
with multiple gunshot wounds that involved the abdomen, left 
thigh, and the left side of the chest at the third costosternal junc- 
tion. The patient was well known to the attending physicians, 
since he had been admitted a few weeks earlier with a stab wound 


E _ of the right ventricle. On arrival, he was unresponsive with no ob- 


tainable blood pressure and barely palpable femoral pulses. Heart 
sounds were faint and the breath sounds on the left side of his 
chest were greatly diminished. Simultaneous endotracheal intuba- 
tion, multiple intravenous catheter insertions, and an intercostal 
chest tube were inserted, and 1,200 ml of bright red blood was 
drained from the thoracic cavity. Central venous pressure was ap- 
proximately 12 cm H,O. A resuscitative thoracotomy through the 
fifth intercostal space was performed on the left side of the chest. 
Multiple pleural adhesions from a previous thoracotomy were en- 
countered and lysed. The pericardium was opened and a large 
amount of clotted blood was removed, which resulted in a brisk 
hemorrhage through a 1-cm bullet hole in the left ventricle. The 
cardiac wound and an associated penetrating injury of the left 
lower lobe were repaired and the chest was closed, but the patient 
remained hypotensive. An exploratory laparotomy through a mid- 
line incision was then performed, revealing the hemorrhaging 
omentum and mesentery, as well as numerous small and large 
bowel lacerations that were subsequently repaired. While in the 
recovery room, the patient developed severe pulmonary edema 
that responded to the administration of furosemide and positive 
pressure breathing. His condition gradually improved and he 
made an uneventful recovery. During a follow-up examination, a 
grade 3/4 systolic crescendo-decrescendo murmur was heard over 
the pericardium. Cardiac catheterization and a cineangiograph 
showed a ventricular septal defect that had no hemodynamic rele- 
vanee. The patient remained asymptomatic and had no further 
complications. This is an example of the development of traumatic 
ventricular septal defects as a late manifestation. 

Case 6.—A 26-year-old man in a state of shock was admitted 
with omental evisceration and multiple stab wounds of the abdo- 
men and chest. Lacerations of the pancreas and diaphragm were 
found during an exploratory laparotomy. Due to continued and 
profuse bleeding from the chest through the diaphragm, the inci- 
sion was extended into the chest and revealed a laceration of the 
left ventricle. All wounds were repaired without difficulty and the 
patient subsequently recovered and was discharged. However, 
over the course of the following two years, he was admitted six 
times with pyrexia, chest pain, and ECG changes that were sug- 
gestive of pericarditis. He subsequently underwent a thoracotomy 
on the left side and a pericardiectomy. Microscopic examination of 
the specimens obtained at surgery revealed a nonspecific peri- 
carditis. This was the only case of recurrent pericarditis as a late 
manifestation. 

Case 7.—In 1950, a 46-year-old woman sustained a stab wound 
of the anterior part of the chest on the left side. She was initially 
treated with an intercostal chest tube, but subsequently required 
« thoracotomy on the left and decortication for a trapped lung. In 

1956, she was admitted with chest pain and shortness of breath. 
After full evaluation, minimal mitral insufficiency was diagnosed 
and the patient was discharged. She remained relatively asympto- 
matic until 1974, at which time she was admitted because of de- 
creased tolerance of exercise, chest pain, and a loud systolic mur- 
mur at the apex. An injection of contrast medium into the left 
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the left atrium (Fig 4). This confirmed mitral insufficiency. At s 
gery, an opening was found in the pericardium that marked an 
underlying stab wound (approximately 1 cm long) through the 
base of the anterior leaflet of the mitral valve. Successful repair of 
the mitral valve was quickly accomplished without difficulty. This 
patient was asymptomatic and her injury remained unrecognized 
for nearly two decades until cardiac decompensation was mani- 
fested, which caused a new diagnostic and management problem. 
This demonstrates the need for thorough initial evaluation and 
meticulous postoperative follow-up after any major intrathoracic 
injury. 
COMMENT 


Ten of the 20 patients with cardiac injuries had symp- 
toms that appeared in an unusual manner. The signs of 
cardiac tamponade were frequently obscured or else oc- 
curred late in the developing syndrome. Only 50% of the 
patients initially exhibited the classical triad of hypoten- 
sion, increased venous pressure, and distant heart sounds. 
Although numerous detailed reviews and monographs 
have dealt with similar clinical subjects, -** little attention 
has been paid to the unusual and insidious manner in 
which symptoms occur in these cases. Easy access to the 
pericardium can be attained by the Sauerbruch? sub- 
xiphoid technique in any case in which a high index of sus- 
picion warrants such an exploration. The biphasic clinical 
picture of initial hypotension with rapid response to vol- 
ume replacement then followed by secondary hypotension 
and cardiac arrest is another unusual pattern of the early 
appearance of cardiac tamponade, in which instance resus- 
citative thoracotomy was a lifesaving procedure. Failure 
of compensatory hemodynamic function does not follow a 
predictable and specific time pattern with pericardial tam- 
ponade, as was indicated by Shoemaker and co-workers.” 
Sudden cardiac arrest and death may occur because there 
is a smaller pressure gradient across the lungs.'® This 
lesser circulation is therefore more susceptible to changes 
in pericardial pressure. It is noteworthy that, on many oc- 
casions, the onset of hemodynamic failure is preceded by a 
sudden fall rather than by a rise in CVP. Since we have 
frequently encountered the presence of a large amount of 
clotted blood and hemorrhage, we adopted (along with 
Beall and colleagues’ and others) a policy of treating 
these cardiac injuries primarily with thoracotomy and 
using pericardiocentesis in selected cases as a temporary 
measure from the time of admission until the time of sur- 
gery. Arterial air embolus is a well-known complication of 
open intracardiac surgery, but its occurrence with chest 
trauma has been neglected. Thomas and Stephens" 
recently stressed that the air embolus is a cause of mor- 


bidity and death after penetrating chest trauma. In the, 


presence of pneumothorax and hypotension the air could 
possibly become trapped in the disrupted left ventricle 
and subsequently may be forced into the cerebral circula- 
tion during resuscitation, which would create a clinical 
picture similar to irreversible brain damage. The usual 
precautions for prevention of air embolus during open fn- 
tracardiac surgery might prevent such a complication. 
Intermediate manifestations usually present them- 
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ves in the early postoperative course after an appar- 
ently successful operative procedure. These manifesta- 
tions include such problems as postoperative myocardial 
infarction and bullet embolus. The development of second- 
ary myocardial infarction (case 3) without visual evidence 
of coronary damage could be secondary to extensive myo- 
cardial injury,’ but the mechanism is more likely to be 
similar to that already observed in peripheral vessels dur- 
ing vascular injuries.” This shows that the intimal dam- 
age, elastic membrane rupture, and fibrin deposits can all 
occur in a segment of vessel that appears externally nor- 
mal prior to microscopic examination. Coronary artery 
damage probably follows an adjacent high-velocity bullet 
injury to the myocardium and may account for subsequent 
infarction. Additional pathologic and angiographic stud- 
ies are necessary for further exploration of the possibility 
and mechanism of such injuries. Bullet emboli from the 
cardiac injuries have been recognized for many years.” In 
a recent case report, Ward and Suzuki” reported 35 cases 
of such emboli, with only ten bullet emboli to the periph- 
eral arteries. After entering the left ventricle, the bullet 
_ reached the brachial artery in only three patients. This 
low incidence of bullet embolization to the upper extrem- 
ity is usually attributed to the unfavorable anatomic 
angle of the blood vessel, combined with somewhat ad- 
verse hemodynamic factors. If a bullet has entered the 
heart and the point of exit cannot be found, the surgeon 
should immediately suspect the possibility of distant em- 
bolization. This is particularly true if the follow-up roent- 
genogram of the chest does not show a foreign body that 
was previously apparent (case 4). 

Late complications of cardiac injury occurred at widely 
varied intervals in four of our patients. These complica- 
tions included pseudoaneurysm, ventricular septal defect, 
recurrent pericarditis, and mitral valve damage. The pseu- 
doaneurysm was diagnosed one month after surgery, but 
more than 20 years elapsed before the signs and symp- 
toms of mitral valve perforation became apparent. These 
cases emphasize the need for long-term follow-up. Aneu- 
rysms and pseudoaneurysms are rather uncommon occur- 
rences that follow penetrating cardiac injury, and they 
may result after infection, infarction, or improper place- 
ment of sutures.: They can be suspected from abnor- 
malities appearing in a chest roentgenogram or during 
fluoroscopy, and can usually be confirmed by cineangiog- 
raphy.**”> In a previous study, we demonstrated the ad- 
- ditional value of Doppler tracing in establishing this diag- 
nosis.”° 

Posttraumatic ventricular septal defect has been de- 
scribed in a number of publications.’*-** In a rather large 
series of patients, Asfaw et al” reported 12 cases within a 
seven-year period. There is still some controversy regard- 
ing the optimal treatment of traumatic ventricular septal 
defects. Experimental data™ indicate that small defects in 
the membranous and muscular ventricular septa of dogs 
will close spontaneously within four to seven months. Af- 
ter*sequential hemodynamic observation of four patients, 
Pirzada and colleagues concluded that the size of this de- 
fect remained unaltered. In case 5, hemodynamic studies 
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revealed a small left-to-right shunt 1.3/1 with no pulmo- 
nary hypertension or other symptoms. The nature of the 
pericarditis in our sixth patient was most suggestive of 
the postpericardiotomy syndrome. A high titer of cyto- 
megalovirus antibody was isolated in the serum, which 
suggested the possible role transfusion might have had in 
fhe cause. Traumatic valve injury is rare and is usually so 
severe that it results in death before the patient’s arrival 
at the hospital." The injury to the mitral valve appa- 
ratus (case 7) was certainly most unusual in its mode of 
development and interesting because of its delayed ap- 
pearance. 


SUMMARY 


The features common to all these cases of cardiac in- 
juries were as follows: (1) initial nonrecognition or under- 
evaluation; (2) a high index of suspicion as the most im- 
portant diagnostic tool; and (3) prompt treatment that 
was rewarded by successful recovery in 100% of these pa- 
tients. During the early phase, suspicion of the unusual 
and rapid treatment are key factors in successful recov- 
ery. During the intermediate period, careful vigilance and 
awareness of complications are essential. Conscientious 
long-term follow-up is essential for complete manage- 
ment of the patient who has late complications. 


Nonproprietary Name and Trademark of Drug 


Furosemide—Lasiz. 
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Discussion 


` GILBERT S. CAMPBELL, MD, Little Rock, Ark: One of the least re- 
quested movies in the Film Library of the American College of 
Surgeons is our film regarding excision of a traumatice left ven- 
tricular aneurysm. It is quite difficult to resist not showing this 
movie at this time. In fact, I clipped it and edited it, but I’m not 
going to show it because I’ve always resisted temptation. It was 
for this reason that the Arkansas Chamber of Commerce funded 
my trip to Boston, in an attempt to buffer the behavior of an ear- 
lier representative from our state. 

Since we are meeting in Boston and approaching our Bicenten- 
nial, I shall show a slide depicting one of the earliest reports on 
cardiac trauma. The words appear in Homer’s Jliad: “The insult- 
ing victor with disdain bestrode the prostrate prince, and on his 
bosom trod. Then drew the weapon from his panting heart—the 
reeking fibres clinging to the dart—from the wide wound gushed a 
stream of blood, and the soul issued in the purple flood.” 

Dr FALLAH-NEJAD: Due to the progress that has been made in 
the management of trauma patients, a large number of subjects 
survive the initial phase of injury and have delayed manifesta- 
tions. The facts relevant to all of these patients include the follow- 
ing: (1) The problem is unrecognized or underevaluated. (2) A high 
incidence of suspicion is very important. (3) Prompt treatment is 
usually followed by recovery. 
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Patient Selection for Cardiac Surgery 


in Left Ventricular Power Failure 


Philip N. Cascade, MD; Waldemar J. Wajszezuk, MD; Melvyn Rubenfire, MD; 


Stewart E. Pursel, MD; Adrian Kantrowitz, MD 


è Nineteen patients in acute left ventricular power failure fol- 
lowing acute myocardial infarction were given support with intra- 
aortic balloon pumping and underwent cardiac catheterization. 
Hemodynamic response to disastolic augmentation, results of 
left ventriculography, and observations of selective coronary ar- 
teriography were evaluated to determine which patients could 
survive without operation, which would require operation to sur- 
vive, and which could be predicted not to survive operation. Of 
ten patients who underwent operation, three were long-term sur- 
vivors. Two patients predicted to have a good prognosis without 
surgery did survive. Of three patients who had been determined 
to require operation but did not undergo it, two died in the hospi- 
tal and one a month later. The four patients whose conditions 
were considered inoperable died in the hospital. The results in- 
dicate that current methods of predicting the need for corrective 
surgery are relatively accurate and that the rate of survival in sur- 
gically treated patients may be increased. 

(Arch Surg 110:1363-1367, 1975) 


he results of conventional management of acute severe 
left ventricular power failure (LVPF) have been ex- 
tremely poor, with a mortality estimated at 85% to 100%.'” 
The advent of the intra-aortic balloon pump (IABP)*-* has 
made it possible to assist these patients temporarily, but 
the effect on survival statistics has been a disappoint- 
ment.’ As a result, our standard protocol has been revised 
to adopt a more aggressive surgical approach. The present 
study was designed to evaluate our ability to select surgi- 
cal candidates and to judge what impact operation has 
*had on survival. 
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SUBJECTS AND METHODS 


Between 1967 and 1974, eighty-five patients in acute severe 
LVPF or medically intractable cardiogenic shock following acute 
myocardial infarction were assisted by IABP. The first 42 patients 
were given conventional medical treatment and were required to 
fulfill strict criteria of intractable cardiogenic shock.® In the re- 
maining 43 patients, the balloon pump was inserted as rapidly as 
possible following the diagnosis of severe LVPF. Severe LVPF 
was defined as a central aortic pressure below 90 mm Hg or 75% of 
the previous hypertensive state, a urine output of less than 30 
ml/hr, rales in the lungs, usually an S3 gallop, sinus tachycardia, 
chest x-ray film evidence of congestive heart failure or pulmonary 
edema, and arterial hypoxemia. 

Since 1971, patients less than 70 years of age whose circulatory 
status required both IABP and vasopressor therapy for stabiliza- 
tion for periods of 4 to 24 hours after the balloon was inserted 
were referred for cardiac catheterization to determine whether 
surgical correction of the cardiac lesion or lesions might be appro- 
priate. Patients whose conditions could not be stabilized with as- 
sisted circulation and those who required massive doses of vaso- 
pressors were not considered candidates for surgical intervention. 

Nineteen patients were brought to the cardiac catheterization 
laboratory. The average age was 57.3 years. The hemodynamic 
data obtained at bedside included the pulmonary capillary wedge 
pressure; pulmonary artery systolic, diastolic, and mean pressure; 
right atrial pressure; the arterial venous oxygen difference; and 
central aortic pressure. Dye dilution cardiac outputs were ob- 
tained in some cases. The left ventricular work index was calcu- 
lated, assuming a value for oxygen consumption based on body 
surface area. In the cardiac catheterization laboratory, additional 
hemodynamic data included dye dilution cardiac output, first de- 
rivative determination, and left ventricular end-diastolic and fill- 
ing pressures. Measurements were taken with the intra-aortic bal- 
loon in use and five minutes after its discontinuation. 

The left ventricle was then injected with 30 to 40 ml of di- 
atrizoate meglumine (66%) and sodium (10%) (Renografin-76). Cine- 
fluorography was done in a 30° right anterior oblique projection 
with the assist device functioning. Diastolic and systolic chamber 
areas were determined by planimetry, and the ejection fraction 
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was calculated. The ventricular outline was divided into five seg- 
ments (anterobasal, anterolateral, apical, diaphragmatic, and in- 
ferobasal), and the relative contractility of each segment was 
evaluated. Mitral regurgitation was evaluated when present, and 
in cases of suspected rupture of the interventricular septum, a left 
anterior oblique ventriculogram was obtained to demonstrate 
shunting of contrast material. Coronary arteriograms were per- 
formed by means of percutaneous puncture of the femoral artery 
in most cases, but occasionally through a brachial arteriotomy. 
Multiple injections of diatrizoate meglumine (66%) and sodium 
(10%) were made in different oblique projections with a combina- 
tion of cinefluorographic and photofluorographic 105-mm spot-film 
techniques. The coronary arteries were subsequently examined to 
demenstrate their anatomy and to evaluate the vessels for bypass 
surgery. 

Patients deemed suitable candidates were operated on with 
such procedures as mitral valve replacement, repair of a ruptured 
septum, infarctectomy, or coronary bypass surgery. Many pa- 
tients had combinations of these surgical procedures. Prior to 
1973, patients whose conditions were considered inoperable were 
assisted by IABP for long periods of time (several weeks), but 
since then, assist has been terminated 48 to 96 hours following 
catheterization. Those patients who lived and were discharged 
from the hospital were considered survivors. 


HEMODYNAMIC DATA AND ANGIOGRAPHIC RESULTS 


The initial or base-line hemodynamic data in this group 
of patients reflected the severity of the cardiac decompen- 
sation. All patients at basal state prior to assistance, in 
addition to hypotension, oliguria, and central venous pres- 
sure of more than 10 cm H,O, had pulmonary capillary 
wedge pressures greater than 22 mm Hg, a cardiac index 
less than 2 liters/min/sq m, arteriovenous oxygen con- 
sumption differences of greater than 6 vol%, and pulmo- 
nary artery oxygen saturations of less than 60%. Some pa- 
tients had a disproportionate degree of right ventricular 
failure due to inferior wall infarction and involvement of 
the right ventricle. The left ventricular work index was 
less than 3.5 kg-m/min/sq m in all but two patients. In a 
few patients with unexpectedly low end-diastolic pressure 
of the left ventricle, left ventricular dyskinesia was dem- 
onstrated. The low end-diastolic pressure in the face of 
poor ventricular function suggested increased compliance 
secondary to the left ventricular dyskinesia. 

Seventeen of the 19 patients underwent left ventricu- 
lography. Two patients did not exhibit sufficient improve- 
ment in their hemodynamic status to allow the risk of 
large bolus injections of contrast medium. Another pa- 
tient had premature ventricular contractions during the 
injection, and a reliable ejection fraction could not be ob- 
tained. A second injection was not attempted because of a 
sudden sharp rise in the pulmonary capillary wedge pres- 
sure. The ejection fraction was 37% or less in 16 patients 
and less than 30% in 13. Ten patients had mechanical de- 
fects that complicated coronary artery disease: three pa- 
tients had rupture of the interventricular septum; four 
had serious mitral regurgitation, probably secondary to 
papillary muscle dysfunction or rupture; and localized 
dyskinesia was present in five patients, either alone or in 
conjunction with other mechanical defects. 

All patients had selective coronary arteriography. The 
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Fig 1.—Major coronary vessels with serious occlusive disease in 
19 patients with acute severe left ventricular power failure. 


distribution of important coronary arterial lesions is 
shown in Fig 1 and 2. Sixteen of 19 patients had serious 
disease in at least two major vessels, and three patients 
had single-vessel disease. Two with single-vessel disease 
had total proximal occlusion of the anterior descending ar- 
tery, and another had total occlusion of a large, dominant 
right coronary artery. Not included in Fig 1 and 2 are two 
instances of 90% or greater stenosis of the left main coro- 
nary artery. Additional important lesions involving an- 
terolateral branches of the anterior descending artery and 
lateral and posterolateral branches of the left circumflex 
artery were present in many instances. There were no 
complications related to the catheterization, but sudden 
severe elevation of left ventricular end-diastolic and pul- 
monary capillary wedge pressures was common after left 
ventriculography. 


SELECTION OF PATIENTS FOR SURGERY 


The physiologic response to IABP, the relative amount 
of viable myocardium as determined by ventriculography 
and electrocardiography, and the anatomy of the coronary 
arteries were evaluated in each patient. The severity of 
the disease as reflected by physiologic data in the basal 
state was not considered a contraindication to surgery. 
Since all patients in this group had responded positively to 
balloon pumping, they were considered to have potentially 
reversible myocardial deficits. The relative response to 
IABP was regarded as an indicator of the amount of myo-, 
cardial reserve. 

Two patients had a particularly dramatic response to 
assistance. The first had an initial systolic blood pressure 
of 64 mm Hg, a pulmonary arterial pressure of 40/20 mm 
Hg (mean, 27), and a pulmonary capillary wedge pressure 
of 20 mm Hg. Following several hours of assistance, the 
hypotension was reversed, the pulmonary artery pressure 
had fallen to 30/11 mm Hg (mean, 16), and the pulmonary 
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Fig 2.—Distribution and degree of severity of serious occlusive 
disease involving major branches of coronary arteries. 


Fig 3.—Results in 19 patients who underwent catheterization to 
determine need for and feasibility of cardiac surgery. 
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Results of Patients Undergoing Cardiac Surgery 


Surgical Procedure 


Repair Mitral 
of - Valve 
Infarc- Septal Replace- 
Patient tectomy Defect ment 


Survivors 


Bypass Surgery 


Diagonal No Yes No 
Right coronary Yes No No 
Right coronary, 

obtuse marginal, 

anterior descending No 


Anterior descending 
No 

No 

Right coronary 

Right coronary 
Anterior descending 
Right coronary, 

anterior descending 





capillary wedge pressure to 13 mm Hg. The second patient 
had an initial systolic blood pressure of 80 mm Hg, a pul- 
monary arterial pressure of 40/24 mm Hg (mean, 28), and 
a pulmonary capillary wedge pressure of 21 mm Hg. After 
six hours of IABP, all pressures had returned to normal. 
The strong positive response to assistance suggested ade- 
quate reserve and a good chance of survival without sur- 
gery. 

The ventriculogram of each patient was examined to 
evaluate the contractility of various segments of the 
chamber. Segmental akinesia with associated Q waves 
and segmental dyskinesia were considered evidence of ne- 
crotic or scar tissue not recoverable. by coronary artery by- 
pass surgery. Akinesia or dyskinesia involving more than 
two of the five segments (40% or more of the chamber cir- 
cumference) was considered a contraindication to surgery. 
A low ejection fraction was in itself not considered an ab- 
solute contraindication; one patient with an ejection frac- 
tion of 10% was considered a candidate for surgical ther- 
apy. Mechanical defects, including localized areas of 
infarction, rupture of the interventricular septum, and se- 
rious mitral regurgitation, were considered amenable to 
surgery when sufficient functioning or salvable myocar- 
dium existed. 

Coronary bypass surgery was considered applicable if 
there was diameter narrowing greater than 70% in the 
proximal portion of a coronary vessel with adequate distal 
runoff. The distal runoff was evaluated in terms of the size 
of the territorial distribution and the appearance of the 
distal lumen; the distal lumen had to be at least 1 mm in 
diameter with a relatively smooth margin, and the distal 
vessel had to opacify well with an adequate rate of empty- 
ing.*° Correlation of myocardial viability by ventricular 
kinetics at ventriculography and by electrocardiography 
was made in the segments of myocardium supplied by the 
vessels in question. Bypass surgery was not attempted in 
vessels supplying nonviable tissue. 

Thirteen patients were judged to be candidates for sur- 
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= dyskinesia in corresponding ventricular segments, and the 

~ amount of noncontracting myocardium exceeded 40% of 
= the left ventricular circumference. The amount of viable 
-~ myocardium, as determined on the basis of these consid- 
= erations, was thought to be inadequate to sustain life. 


RESULTS 


Data from 19 patients who underwent catheterization 
to determine whether cardiac surgery was indicated are 
shown in Fig 3. Two patients thought to have a good prog- 
nosis without surgery were gradually weaned from dias- 
tolic assist and were discharged from the hospital. They 


have returned to work and have survived for 17 and 13 


months, respectively, since being discharged from the hos- 
pital. Ten patients underwent surgery; three survived 
(Table). One died 18 months after surgery, while two have 


survived for 18 months and are currently well and at 


work. Three other patients were considered candidates for 
surgical treatment but did not have surgery. One had ir- 


_ reversible brain damage following multiple episodes of 


ventricular fibrillation, the second died of an arrhythmia 


_ on the way to the operating room, and the third patient 
refused surgery. The patient who refused surgery was 


eventually weaned from diastolic assist and was dis- 
charged from the hospital. He died at home four weeks af- 
ter catheterization. Four patients were considered inoper- 


able; their conditions steadily deteriorated and all four 


died. 
COMMENT 


The challenge to the clinician who undertakes balloon 
pumping for patients in acute circulatory failure after 


acute myocardial infarction is to determine which of them 
_ will require surgery to survive and which of them cannot 


survive because of loss of a critical amount of myocar- 
dium. It is generally agreed that cardiogenic shock occurs 
after loss of function of approximately 30% of the left 
ventricular myocardium due to severe ischemia or cellular 
necrosis. In this situation, death usually occurs when 40% 


_ or more of the left ventricular myocardium is destroyed." 
_ Diastolic augmentation can temporarily, and in some 


cases permanently, preserve a critical margin of viable 
myocardium by lowering the work requirement of the left 
ventricle and by reducing its oxygen demand. These ef- 
feets of diastolic augmentation may be temporary, and 


_ tissue recovery may be dissipated when it is terminated. 


These considerations imply that revascularization should 
be attempted soon after the insult in order to preserve tis- 
sue viability. | 

In this study, the physiologic response to pumping and 
ventricular angiography were used as indicators of the 
amount of viable myocardium remaining. These modali- 
ties were relatively accurate in assessing the amount of 


1366 Arch Surg—Vol 110, Nov 1975 








“recoverable” tissue. Two patients, predicted to have 
enough myocardium to survive without pumping, did if- 
deed survive. Of 17 patients predicted not to have enough 
functioning myocardium to survive, seven did not have 
surgery and six died in the hospital. One patient was dis- 
charged, only to die four weeks following catheterization. 
Ten patients had surgery and three survived, most likely 
because bypass surgery and repair of mechanical defects 
salvaged enough myocardium to sustain life. Other inves- 
tigators have reported similar survival rates.™-" These re- 
sults, if confirmed in an adequately large number of 
patients, represent a great improvement over balloon 
pumping alone, although still better selection of surgical 
candidates is possible. The limiting factor appears to be 
inability to accurately distinguish ischemic from dead tis- 
sue. 

At present, determination of segmental contractility at 
ventriculography is our most accurate method of pre- 
dicting viability. Noncontractile segments, however, may 
still be viable although ischemic. The performance of ven- 
triculography before and after administration of nitro- 
glycerin or catecholamines, and determination of con- 
tractility before and after premature beats, have proved 
helpful in identifying ischemic tissue inasmuch as these 
procedures “potentiate” or “unmask” residual myocardial 
contractility." This differentiation is extremely impor- 
tant, not only in identifying vessels that require bypass 
surgery, but also in assessing suitable candidates for in- 
farctectomy. In our studies, four of five patients in whom 
infarctectomy was performed died. This disappointing ex- 
perience may in part have been due to overestimation of 
the amount of remaining viable myocardium. Glass et al'* 
reported that if more than 30% of the left ventricular wall 
is removed, the chance of survival is extremely small. 
Glass et al,'* Heimbecker et al," and Jude et al also 
found, however, that ventricular function was improved 
and survival rates rose when infarcts amounting from 
10% to 25% of the left ventricular wall were excised in ani- 
mal experiments. The survival rates were thought to be 
increased because of restoration of the Starling mecha- 
nism*' and removal of foci of electrical irritability. 

If differentiation of ischemic from nonviable muscle can 
be improved by development of better angiographic, elec- 
trophysiologic, and isotope techniques, then some patients 
formerly denied surgery will become candidates, while 
those without adequate viable myocardium will not be 
subjected to futile procedures. 


This investigation was supported in part by grant HL 13737 from the 
Public Health Service. 
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Discussion 


WILLIAM S. BLAKEMORE, MD, Toledo, Ohio: I believe this presen- 
tation illustrates a frontier in medicine today. Would Dr Cascade 
give us some impression of where we are going, especially with ra- 
diographic techniques? 

We have the ability now to perform many radioisotope studies, 
such as those reported here. The equipment is expensive to install, 
but no doubt provides different information that we are unable to 
obtain with other noninvasive techniques. There are new radio- 
graphic methods for tomography that add further information. 
Experience with these techniques will demonstrate their clinical 
usefulness. 

In this group of patients with a mortality of almost 100%, physi- 
ologic measurements may permit more effective early treatment, 
as the authors have demonstrated. We seek even better alterna- 
tives, but the results are not worse than early results were in oper- 
ative procedures now commonly performed with low mortalities. 
Some persons at this meeting can remember the early results of 
the techniques for mitral commissurotomy: the mortality was 
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high. The high mortality in this group should serve as an incentive 
to further effort despite the dissatisfaction with results from pres- 
ent-day methods. 

Dr CascapE: I must emphasize that the survival rate in this 
group of patients is in the range of 15%. With the small number of 
patients who have emergency corrective cardiac surgery, it ap- 
pears as though the survival rate has been increased to 30% or 
40%. A large number of patients will have to be operated on to ob- 
tain a more statistically valid conclusion as to the efficacy of sur- 
gery. 

Better noninvasive methods that will evaluate the amount of 
myocardial injury are being developed. With these bedside proce- 
dures, perhaps we will be able to predict in which patients delayed 
cardiogenic shock will develop. Perhaps then we will be able to op- 
erate on these patients before the onset of shock. At the present 
time, isotope studies of the heart appear to be the promise of the 
future in this area. 


a 
wr) 


ae ee 
cynic SS sania aia: 


Teit 
< inu 


| one niei UES ’ 


zi 
amit 
+ 


al atl 


Bu re 
OE P Slee! r E 


Cardiac Surgery—Cascade etal 1367 








^ 
>J 

mar, 
4 

<a 





Topical Myocardial Cooling 


An Intensive Laboratory Investigation 


Harjeet M. Singh, MD; Alfred J. Tector, MD; 
Robert J. Flemma, MD; Derward Lepley, Jr, MD 


è To better understand efficacy of topical cooling in myocar- 
dial protection, three groups of 12 dogs each were studied. 
Group 1 dogs had systemic cooling to 30 C; group 2 had cooling 
to 30 C and outside cooling of left ventricle; group 3 was cooled 
in the same way as group 2 was but also had inside of left ven- 
tricle topically cooled. Measurements were taken of left ventricu- 
lar function curves, regional blood flow distribution to the sub- 
endocardium, sequential pH, Pco,, Po,, and lactate and serum 
glutamic oxaloacetic transaminase (SGOT) levels. Lower 
midseptal and subendocardial temperatures (means, 11 and7 C, 
respectively) in group 3 correlated with higher survival and 
greater preservation of left ventricular function. Lower levels of 
SGOT and lactate in coronary sinus efflux, and higher regional 
flow to subendocardium postoperatively, also correlated with 
minimal evidence of subendocardial necrosis in group 3 dogs. 
Rapid cooling of subendocardium was noted as achieving 
maximum preservation of left ventricular function. 

(Arch Surg 110:1368-1373, 1975) 


E mic ischemic arrest of the canine myocar- 
dium, induced by aortic cross clamping during cardi- 
opulmonary bypass, causes irreversible myocardial dam- 
age after 30 minutes.’ Hypothermia reduces cellular 
metabolism and tissue oxygen consumption and provides 
safety in prolonging the ischemic period of the myocar- 
dium.’ Differential myocardial cooling, while main- 
taining the body at moderate hypothermia, allegedly 
avoids the hazards and inconvenience of deep, total body 
hypothermia but retains the advantages of hypothermic 


preservation of the myocardium." 
ES ES a OG 
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Differential cooling by topical cold (advocated by Shum- 
way and Lower") and by coronary perfusion has been 
variously studied."'*= Wilman and associates” have pre- 
sented evidence that topical cooling alone does not result 
in a uniform temperature change throughout the heart 
and that such temperature differentials are deleterious. In 
the studies of Urschel and Greenberg,'? 98% of the ex- 
ternally cooled dogs and 85% of the coronary-perfused 
dogs survived. Kugelberg"® has indicated that local myo- 
cardial hypothermia was superior to coronary perfusion in 
the preservation of heart muscle during 60 minutes of aor- 
tic occlusion. Thus, divergent views exist concerning the 
role of differential myocardial cooling in the preservation 
of left ventricular function. 

Recent work suggests that the subendocardium is vul- 
nerable to ischemia during cardiopulmonary bypass.'*-22 
Whether or not topical cooling adequately preserves the 
subendocardium remains to be determined. The purpose of 
the present study is to correlate the biochemical and func- 
tional characteristics and the regional flow patterns of the 
topically cooled myocardium, in order to determine the 
degree of safety this method provides against ischemic 
arrest. 


MATERIALS AND METHODS 


Forty adult mongrel dogs, each weighing between 20 and 25 kg, 
were anesthetized with thiopental (Pentothal) sodium (20 mg/kg 
of body weight), intubated, and ventilated with a volume respira- ə 
tor. Median sternotomies were performed and heparin sodium 
therapy was administered (3 mg/kg of body weight). The left 
femoral artery, superior vena cava, and inferior vena cava of each 
dog were cannulated for extracorporeal perfusion. An oxygenator 
was primed with 5,000 ml of Ringer lactate solution. Systemic 
pressure was maintained above 60 mm Hg by flow adjustmexts. 
Exclusion of caval blood from the right atrium was ascertained 
with the use of full bypass. 
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Fig 1.—Left ventricular (LV) functions after 60 minutes of aortic cross clamping. 


Measurements 

Right atrial pressure was measured with a saline manometer. 
Pressures in the aortic root, right femoral artery, left atrium, and 
left ventricle were measured with a micromanometer transducer 
system. Left ventricular dp/dt values were recorded. A pre- 
calibrated and adjustable length Walton-Brodie strain gauge was 
stitched on to the left ventricle at right angles to the branches of 
the left anterior descending coronary artery. Cardiac output was 
obtained with the use of a micron electromagnetic flow-probe 
placed around the ascending aorta. To eliminate the difficulties 
with flaccid aorta in the postbypass period, tightly fitting aortic 
probes were used. At the end of the procedure, the cardiac output 
probe was calibrated with known flows into the aortic root. To 
create an increasing preload in the left atrium, a line from the 
right femoral arterial return line was advanced into the pulmo- 
nary artery through the right ventricle. At varying left atrial 
pressures, the cardiac output and myocardial contractility were 
recorded on an eight-channel recorder. Preoperative left ventricu- 
lar function curves were obtained using the method of Sarnoff and 
Berglund.” In order to adjust the cardiac output to increment in 
the event of peripheral vascular resistance due to hyperthermia in 
the postischemic period, we noted changes in cardiac output and 
myocardial contractility on opening a fixed, femoral artery-pulmo- 
nary artery shunt.” To determine coronary blood flows at the time 
of thermal washout curves, right atrial blood was diverted to a 
measuring cylinder and timed collections obtained; coronary sinus 
blood was returned to the oxygenator. Body temperature was 
measured by esophageal thermistor; myocardial temperature was 


measured in the subendocardium and the subepicardium of the 


left ventricle and the interventricular septum with thermistor 
_ probes. Hematocrit level, blood pH, and partial pressures of oxy- 
gen and CO, were monitored during the procedure. 


Groups and Myocardial Cooling 


After establishing cardiopulmonary bypass, the dogs were 
cooled systemically to a myocardial temperature of 30 C. When 
the esophageal temperature approximated the myocardial tem- 
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perature, the left ventricle was vented and the aorta cross 
clamped. Four groups of dogs were then studied as follows: 

Group 1 (N=12).—The aorta was cross clamped for one hour at 
myocardial and esophageal temperature of 30 C. 

Group 2 (N=12).—The aorta was cross clamped at 30 C, and a 
continuous drip of Ringer lactate solution at 4 C was run into the 
pericardium. Aortic cross clamping was maintained for one hour. 

Group 3 (N= 12).—The same procedure as that for group 2 was 
adopted, except that the inside of the left ventricle was cooled 
with a continuous drip of Ringer lactate solution at 4 C through a 
cannula inserted at the apex. To obtain free drainage, an atri- 
otomy was made in the left atrial appendage. 

Group 4 (N=4).—The mode of cooling described for group 3 was 
carried out and aortic cross clamping was maintained for 90 min- 
utes. Myocardial and esophageal temperatures were measured at 
five-minute intervals during the ischemic arrest. 

In order to maintain similarity in the pattern of cooling in 
groups 3 and 4, only those dogs that showed the drop in the inter- 
ventricular septal temperature to below 10 C in the first ten min- 
utes of topical cooling were included in the study. Thereafter, the 
temperature was allowed to vary about 1 C in either direction. 
About four liters of Ringer lactate solution at 4 C, at a fairly rapid 
rate, was necessary to maintain these temperatures. In group 2 
the interventricular septal temperature did not drop below 18 C, 
and the variations in the interventricular septum were much 
greater. 


Coronary Venous Samples 


An arterial sample was obtained from the aortic root. The coro- 
nary venous sample was obtained in the following manner: the 
right atrium was emptied of all blood; the aortic cross clamp was 
released for a very brief period; and the sample was collected to a 
point measuring 20 ml in a tube conduit stitched around the coro- 
nary sinus. The arterial and coronary venous samples were ana- 
lyzed for Po,, Pco,, pH, lactate, sodium, potassium, and serum 
glutamic oxaloacetic transaminase (SGOT) values. Blood samples 
were obtained five minutes after the ischemic arrest and there- 
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after at 15-minute intervals for the duration of the aortic cross 
clamping. 


Regional Blood Flows 


Preoperative regional blood flows were determined on cardio- 
pulmonary bypass by the thermal washout technique.” Thermis- 
tor probes (24-gauge size) were placed in the base of the anterior 
and posterior papillary muscles. At known coronary blood flows 
and aortic root pressures, and at a stable thermal state, a mea- 
sured bolus of cold blood was injected into the aortic root. Sub- 
endocardial flow was determined as a function of the slope of the 
initial part of the rewarming phase of the washout curve. A num- 
ber of such curves were obtained preoperatively for each dog. 


Postbypass Studies 


After 60 minutes of aortic cross clamping in the first three 
groups of dogs and 90 minutes in the fourth group, the aortic 
clamp was released and the dogs rewarmed. When the tempera- 
ture in the esophagus and myocardium reached 38 C, the dogs 
were defibrillated and weaned from the cardiopulmonary bypass. 
Postischemic left ventricular function curves and myocardial con- 
tractility studies were performed at esophageal temperatures be- 
tween 36 and 37 C one hour after abandoning cardiopulmonary 
bypass. Studies were repeated after opening the fixed femoral ar- 
tery-pulmonary artery shunt, so that correction for the rise of pe- 
ripheral vascular resistance due to hypothermia could be made. To 
determine regional myocardial blood flows in the postischemic pe- 
riod, four animals each in groups 1, 2, and 3 were maintained on 
cardiopulmonary bypass with a beating left ventricle, and thermal 
washout curves obtained at preoperative coronary blood flows and 
aortic root pressures. 

For comparative analysis, myocardial contractility was read as 
millimeter deflections at similar preloads and postloads. Postoper- 
ative values were expressed as percentages of preoperative values 
of the contractile force. The left ventricular stroke work was ob- 
tained from the formula 


LVSP—LAP x CO 
100x heart rate 


where LVSP indicates left ventricular systemic pressure; LAP, 
left arterial pressure; and CO, cardiac output. Minute work was 
then computed. Allowance was made for the rise of postload val- 
ues following hypothermic perfusion in calculating left ventricu- 
lar stroke work.” The postischemic, subendocardial blood flows 
were compared to the preoperative values at similar aortic root 
pressure and coronary blood flows. 


RESULTS 
Left Ventricular Functions and Survival 


Figure 1 depicts preischemic and postischemic left ven- 
tricular function curves after 60 minutes of aortic cross 
clamping and indicates better function in group 3 as com- 
pared to the other groups. This implies preservation of 
left ventricular function and higher potential for survival 
when the subendocardium was topically cooled. However, 
after 90 minutes of ischemia (group 4), a further loss of 
left ventricular function was seen (Fig 2). This would 
mean that despite topical cooling, there was a further loss 
of left ventricular function when the ischemic period was 
prolonged. Corresponding results are reflected by the 
strain gauge readings (Fig 3). Again, all the dogs in group 
8 survived. None of the dogs in group 1 and only 50% in 
groups 2 and 4 survived the procedure (Fig 1 through 3). 
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Metabolic Studies 

Metabolic studies indicate lower CO, release (Fig 4) and 
lower lactate production (Fig 5) in group 3 as compared to 
groups 1 and 2, and would indicate basal cellular activity 
that would seem to enhance their potential for recovery. 
At 60 minutes, group 1 dogs were beyond revival. Cessa- 
tion of production of CO, (Fig 4) and simultaneous 
plateauing of lactate values would indicate an end of 
anaerobic metabolic activity. Failure of group 1 dogs to 
recover would certainly mean that the metabolic path- 
ways in generation of energy and CO, release had been 
overwhelmed. Group 2 survivors and nonsurvivors had bio- 
chemical changes similar to those in groups 3 and 1, re- 
spectively. 


Subendocardial Flows 


The postoperative subendocardial flows, which were 
notably reduced as compared to preoperative values in 
groups 1 and 2 (Fig 6), approached preoperative value in 
group 3. Although the cause of the reduction of postopera- 
tive subendocardial blood flow in groups 1 and 2 was not 
defined in our study, it is believed to be related to the is- 
chemic swelling of the subendocardial cells.” Higher sub- 
endocardial flows in group 3 would certainly enhance their 
chance of survival, and would also explain the better left 
ventricular functions in the postischemic period. 

The reason for the superior results in group 3 can be 
best judged from the septal temperatures recorded from 
groups 2 and 3 (Fig 7). The septal temperature of 10 C and 
subendocardial and subepicardial temperatures that par- 
alleled those of the cooling solution (range, 4 to 8 C) indi- 
cated almost total abolition of temperature gradients in 
the myocardium in group 3. The septal and subendocardial 
temperature did not fall below 18 C by external cooling 
alone (Fig 7), although subepicardial temperature ranged 
from 4 to 9 C. Thus, substantial temperature gradients oc- 
curred in the myocardium in group 2 dogs. 


COMMENT 


Urschel and Greenberg,” Ebert and associates,” and 
Stoney and Roe“ have studied the effects of differing the 
duration of ischemia on ventricular function using several 
methods to provide hypothermia. As pointed out by Ben- 
zing and associates” and others,” allowance needs to be 
made for the persistence of increased systemic vascular 
resistance due to hypothermia at the time when myocar- 
dial functions are determined on rewarming. The earlier 
studies, and perhaps this one, are open to criticism be- 
cause, despite a considerable practice of, and interest in, 
the various modes of hypothermic anoxic arrest, precise 
criteria on which to base the safe time of interruption of 
coronary flow are still not available. We have attempted 
to define the temperature gradient that might exist in the 
myocardium from the epicardium to the endocardium con- 
sequent on the particular mode of cooling employed. Both 
Bjork® and Wilman and associates” contend that sys- 
temic cooling before cross clamping is important in myo- 
cardial preservation. We have studied the application of 
local hypothermia after systemic cooling in carefully con- 
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= trolled canine studies; only animals that showed a par- 


ticular pattern of myocardial cooling were selected for our 
study. 

On the basis of left ventricular functional and metabolic 
criteria and of regional blood flow patterns in the early 
postoperative period, our studies indicate that local hy- 
pothermia improves the safety factor during ischemic ar- 
rest when the endocardial as well as the epicardial aspects 
of the myocardium are simultaneously and rapidly cooled. 
During cardiopulmonary bypass, ventricular fibrillation” 
and ischemic arrest of the myocardium” render the 
subendocardium vulnerable to ischemic damage. Rapid 
cooling of the subendocardial region to prevent ischemic 
damage would seem a rational approach to myocardial 
preservation. However, the complication of subendocar- 
dial necrosis, which reportedly causes half the patient 
deaths following cardiopulmonary bypass,”"* can only be 
prevented, even in the cooled heart, if the time of ischemic 
arrest is maintained within the safe margin. Although the 
safe margin has not been defined in this study, 90 minutes 
would seem to be too long a period of time in which the 
safe return of myocardial function could invariably be an- 
ticipated. 

We believe that the return of subendocardial blood flow 
to the preoperative value in group 3 is consistent with 
the view that the subendocardium was maximally preserved 
in this group of dogs. Possibly, the ischemic damage of the 
subendocardium in the other groups led to cellular swell- 
ing and compromised the postischemic subendocardial 
flow.” Extrapolating this work to the clinical situation of 
a grossly hypertrophied heart is undesirable and purely 
speculative. For instance, the cooling characteristics of 
the hypertrophied human left ventricle may not parallel 
those of the small canine heart that has been intensively 
cooled under a controlled environment. So far, however, in 
the severely compromised left ventricle in patients with 
severe aortic stenosis and severe coronary artery disease, 
the method has so far yielded seemingly gratifying re- 








sults. It may be that the normal canine ventricle is even 
more intolerant to ischemia than the hypertrophied hu- 
man left ventricle. 

For the most part, our canine studies agree with the 
work of Urschel and Greenberg,"? Kugelberg, and Ro- 
bicsek and associates. Topical cooling conducted in the 
manner described provides a simple and safe approach to 
aortic cross clamping if the length of time of cross clamp- 
ing is not unduly prolonged. The many risks of coronary 
cannulation have been pointed out by several authors.**-3* 
Moreover, photomicrographs have demonstrated a higher 
degree of embolization in perfused hearts with increased 
coronary circulatory resistance.’ In the presence of coro- 
nary atheroma and ventricular fibrillation during cardio- 
pulmonary bypass, coronary perfusion with altered flow 
characteristics may be unphysiologic and harmful, and 
topical cooling may be the optimal mode of myocardial 
preservation. 

In conclusion, on the basis of left ventricular function, 
metabolic studies, and alteration of regional blood flow 
patterns, topical cooling of the canine myocardium in the 
manner described has been confirmed in this study to be 
of value in the preservation of the subendocardium, and 
hence, the postischemic myocardial function. When the 
endocardial and epicardial surfaces were simultaneously 
and rapidly cooled and the interventricular septal tem- 
perature reduced to 10 C, a margin of safety was provided 
against myocardial ischemic damage. However, the risks 
of compromising left ventricular function were still exis- 
tent if the aortic cross clamping was unduly prolonged. 
The rapid cooling of the subendocardium during ischemic 
arrest is an important aspect in the maximal preservation 
of left ventricular function. 


Frank Schwartzman and Earl Weirauch provided technical assistance. Ed 
Sweeny and Bruce Frank also helped with this study, and the Department 
of Audiographic Communications, Milwaukee County General Hospital, 
provided assistance with the illustrations. 
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Discussion 


BENSON B. Rog, MD, San Francisco: I would like to supplement 
Dr Singh’s excellent laboratory study with a clinical corollary. 

We are in the process of reporting a series of 100 unselected pa- 
tients in whom myocardial cooling was combined with prompt car- 
dioplegia by the single aortic root injection of 500 to 1,000 ml of 
isosmotic glucose electrolyte solution containing 20 mEq of potas- 
sium. 

Encouraged by our early experience with prompt resumption of 
unsupported function and either prompt spontaneous defibrilla- 
tion or single shock defibrillation, we extended our period of is- 
chemia beyond the initial boundary of one hour. 

The series now includes ten patients who have had ischemia for 
periods of 120 to 210 minutes without subsequent perfusion. They 
each either had spontaneous defibrillation or required only one 
shock, and did not require other support. Paradoxically, it appears 
that cold ischemic arrest may result in better cardiac function 
than does sustained coronary perfusion. 

Donat M. Bituic, MD, Philadelphia: This important contribu- 
tion corroborates some laboratory investigations indicating that 
cytochrome oxidase activity in the mitochondria returns progres- 
sively toward normal over a period of approximately 20 minutes in 
the myocardium that has been subjected to ischemic arrest and 
topical cooling for periods up to one hour. I note that your ventric- 
ular function curves improved steadily over a 15-minute period. 
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Our clinical material from a large number of patients undergoing 
ischemic arrest and topical cooling corroborates these findings and 
has allowed us to virtually discontinue the use of coronary perfu- 
sion. It is important not to allow the heart to fibrillate during the 
ischemic period, but to maintain it at standstill. When working on 
the aortic or mitral valve, we prefer to cool the endocardial sur- 
face as well; however, this is not possible during coronary artery 
surgery. Fortunately, the periods of ischemia are shorter in coro- 
nary surgery. 

Dr Sincu: The problem in the field of myocardial preservation 
arises from the fact that we are extrapolating an experimental 
situation to a situation where the left ventricle is grossly hyper- 
trophied, where there is a diseased valve, and where the hemody- 
namics are compromised. 

We used this method of myocardial cooling in a group of 14 pa- 
tients with severe coronary artery disease and severe coronary 
artery stenosis. In our past experience, the mortality with similar 
patients has been very high. However, all 14 patients in this group 
survived and are doing exceedingly well. It may be that the nor- 
mal canine ventricle cannot withstand hypoxia or anoxia to a sim- 
ilar extent as a human ventricle. 

Please note that we are presenting these data as a guideline; we 
do not stipulate that they meet the clinical situation. 
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Experimental Evaluation 


of Coronary Infusates in Dogs 


Seshadri Raju, MD; W. J. Gibson, MD; Bobby Heath, MD; Virginia Lockhart, PhD; Harold Conn, MD 


e In a study involving dogs, a coronary infusate containing a 
variety of substances including cardiac substrates, metabolic in- 
hibitors, membrane stabilizers, electrolytes, and anticoagulants 


_ was evaluated in terms of protection afforded to the myocardium 


for up to 90 minutes of normothermic anoxic arrest. Electron mi- 
croscopical studies and tissue adenosine triphosphate mea- 
surements revealed this coronary infusate to be considerably 
beneficial to the myocardium. Infused myocardium was better 
preserved compared to myocardium that was not infused or in- 
fused with two other “control” infusates. The individual com- 
ponents of our infusate are known cardiac preservatives. The 
rationale for combining a number of them in our infusate is to 
produce an additive or synergetic effect through beneficial inter- 
vention at several points in the cardiac metabolic cycle. This ob- 


- jective appears to have been fulfilled under the conditions of the 


present experiment. 
(Arch Surg 110:1374-1382, 1975) 


yocardial hypofunction continues to be a major 
cause of morbidity and mortality after open-heart 
surgery, especially in instances in which the aorta has to 
be cross-clamped. However, actual clinical practice of deal- 
ing with myocardial anoxia during aortic cross-clamping 
varies widely among major surgical centers. Coronary 
perfusion is routinely used by some; but because of techni- 
cal and other problems related to coronary perfusion, some 
surgeons avoid this technique altogether, in preference to 
simple anoxic cardiac arrest. Hypothermia is often com- 
bined with the latter, with the purpose of extending the 
“safe period” of anoxic arrest. Varying combinations of 
the above modalities are in common use. Nevertheless, 
anoxic myocardial damage is still a problem, especially in 
the presence of cardiac hypertrophy. As a result, there has 
been a great deal of interest in myocardial metabolism in 
both the normal and ischemic heart, and in methods of 
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modifying it in favor of better myocardial preservation. 
Certain fundamental facts in this area appear well estab- 
lished’; the anoxic myocardium resorts to anaerobic gly- 
colysis to satisfy energy-dependent processes. While the 
absence of hemodynamic work and fibrillation greatly re- 
duce the energy demand, the residual requirements are 
still important,? so much so that anaerobic glycolysis is 
unable to maintain a steady supply of high-energy phos- 
phate bonds. As a result, there is speedy depletion of these 
important substrates. After 45 to 60 minutes of normo- 
thermic anoxic arrest, these changes are severe enough to 
reach the point of irreversibility, producing well-recog- 
nized ultrastructural, -* biochemical,*® and functional 
changes.*"' In addition, there is increasing recognition of 
the importance of microcirculation in cell preservation, 
and the necessity to avoid the “no-reflow” phenomenon.’ 
There have been several attempts to modify one or more 
of the above processes to advantage, ie, to reduce anoxic 
myocardial damage. These include hypothermia," meta- 


Table 1.—Composition of Coronary Infusate HR-14* 


Metabolic inhibitors 












Allopurinol 1 gm/liter 
Chlorpromazine 15 mg/liter 
Magnesium sulphate 6 mEq/liter 





Substrates 
Dextrose 
Potassium dibasic phosphate 


lons 
NaCl 


10% 
29 mEq/ liter 





20 mEq/ liter 
20 mEq/liter 
0.527 gm/liter 















Membrane stabilizers 
Procainamide hydrochloride 
Methylprednisolone 

Hyperosmolar substances 
Mannitol 

Anticoagulants 
Heparin sodium 

Buffer 

Sodium bicarbonate 


0.67 gm/liter 
500 mg/liter 










12.5 gm/liter 


2,000 units/liter 














44mEq/liter ° 


* DH 7.4; osmolarity 700. 
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| Table 2.—Myocardial ATP Levels* 4 l 


Anoxic Period 


45 min 75 min 5z 


HẸR-14 infusion 
No. of animals 11 3 
Mean ATP level 0.85 (P < .02) 0.42 


No infusion, control 

No. of animals 9 

Mean ATP level 0.43 (P < .02) 
Physiological solution, control 

No. of animals 

Mean ATP level 0.6 





* pmols/G wet tissue. 
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22 Washout 4 
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Fig 1.—Myocardial ATP levels in HR-14-infused dogs after up to 90 minutes of anoxia. Each bar represents a single animal. "i 
k 
t A 
Table 3.—Mean* Aortic and Coronary Sinus Concentration of Metabolites and Enzymes 
Lactate, Pyruvate, Uric Acid, CPK, LDH, 
mg/100 ml mg/100 mi mg/100 mi Units Units 3 
; HR-14 infusion (13 dogs) F 
Aortic 106 + 32 1.92+1.2 0.5 + 0.1 930 + 490 398 + 159 = 
Coronary sinus 102 + 18 3.11 £ 1.7 921 + 372 386 + 157 
No infusion, control (6 dogs) 7 3 


Aortic 84+ 15 2.9 + 0.1 i ; 693 + 476 361 + 149 
Coronary sinus 84 + 11 3.3 = 1.0 ; í 831 + 374 343 + 128 


Physiological solution (3 dogs) A 
Aortic r ~ 
Coronary sinus 





* + SD where applicable. 
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Fig 2.—Myocardium infused with HR-14 after 45 minutes of anoxia (original magnification x 800). 


bolic inhibitors, *"° membrane stabilizers, "° cardiac 
substrates,’ supply of intracellular electrolytes," anti- 
coagulants,” and finally, hyperosmolar substances”? to 
prevent the no-reflow phenomenon. While these various 
interventions have been individually evaluated by several 
workers, there is reason to believe” that a combination of 
several of these metabolic modifiers may have a beneficial 
additive effect. With this objective in mind, a special 
coronary infusate was developed containing a wide variety 
of cardiac substrates, metabolic inhibitors, membrane 
stabilizers, and other substances known to play a favorable 
role in myocardial preservation. This article presents an 
evaluation of this infusate as compared with two others»? 
that are presently in experimental or clinical use. 


MATERIALS AND METHODS 
Coronary Infusates 


Table 1 depicts the composition of the coronary infusate (HR- 
14) to be tested. For control purposes two other infusates, a modi- 
fied physiological solution” and another that is in current clinical 
use in renal allograft preservation™ (Sacks solution), were also 
evaluated. All infusates were assessed at normothermia. A third 
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control group consisted of dogs with simple cardiac anoxia, which 
did not receive coronary infusate. 


Experimental Design 


Adult mongrel dogs weighing 22 to 25 kg (48.4 to 55.0 lb) were 
anesthetized with pentobarbital, intubated, and received mechani- 
cal respiratory assistance. The electrocardiogram, intra-arterial 
pressure, and the central venous pressure were continuously moni- 
tored. The superior and inferior vena cavae were cannulated in 
retrograde fashion from the jugular and femoral veins, respec- 
tively. The arterial return cannula was placed in the femoral ar- 
tery. A thoracotomy was performed, the pericardium was opened, 
and the position of the venous lines was carefully checked. A No. 
14 plastic catheter for drawing blood samples was introduced into 
the coronary vein by puncture through a purse-string suture. A 
venous pump was utilized for venous return, and the animal un- 
derwent cardiopulmonary bypass at flow rates of 90 ml/kg. When 
the flow rate had stabilized to optimum levels, the canine heart 
was fibrillated electrically, and at once a full thickness biopsy 
of the left ventricular apex was performed. This was immediate- 
ly frozen for adenosine triphosphate (ATP) assay. Through the 
biopsy site a left ventricular sump was inserted for decompression 
during cardiopulmonary bypass. The aorta was cross-clamped and 
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the coronary infusate was introduced into the proximal aorta 
through a No. 14 intracatheter and allowed to flow by gravity. 
Coronary infusion was confirmed by observing the clearance of 
blood in the coronary arteries and the myocardium, as well as the 
absence of the infusate in the left ventricular sump. A total of 150 
ml of the infusate was allowed to flow for a ten-minute period. A 
good deal of the infusate escaped through the intracatheter in the 
coronary sinus, but no attempt was made to prevent the rest from 
intermingling with the venous return. In control dogs aortic cross- 
clamping was utilized without coronary infusion. After 45 minutes 
of aortic cross-clamping, another left ventricular biopsy from the 
apex was taken for ATP assay and ultrastructural study. Follow- 
ing this, the aortic clamp was removed, and the myocardium was 
allowed to perfuse for ten minutes; blood samples were taken 


e from the coronary sinus for biochemical determinations. A sample 


was also taken from the aorta at this time. Similar aortic and cor- 
onary sinus blood samples were also withdrawn before aortic 
cross-clamping. In some animals the anoxic period extended up to 
90 minutes. 

The ATP assays on the myocardial biopsy specimens were car- 
réed out, using a commercially available kit with modifications of 
the method of Jones et al.” 

The electron microscopical biopsy specimens were immediately 
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Fig 3.—Myocardium infused with HR-14 after 90 minutes of anoxia (original magnification x 13,200). 


placed in buffered formaldehyde solution and processed subse- 
quently. Some sections were also processed for light microscopy 
by embedding them in paraffin in the usual manner. Enzymes 
(creatine phosphokinase [CPK], lactate dehydrogenase [LDH], se- 
rum glutamic oxaloacetic transaminase [SGOT], lactate, pyruvate, 
and other biochemical determinations were carried out by stan- 
dard methods. 


RESULTS 


The ATP assays from myocardial biopsy specimens are 
presented in Fig 1 and Table 2. These are significantly 
higher with HR-14 infusion as compared to the controls. 
Infusion with the other two infusates resulted in inter- 
mediate levels. 


Ultrastructure 


Electron microscopical examination of myocardial 
biopsy specimens revealed striking differences between 
the various groups. The HR-14-infused myocardium was 
remarkably well-preserved after 45 minutes of ischemia 
(Fig 2). The ultrastructural changes from the normal, if 
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Fig 4.—Myocardium in control animals after 45 minutes of simple anoxia (original magnification x 13,200). 


any, were minimal. Even after 90 minutes of anoxia, dis- 
cernible changes were few (Fig 3). The mitochondria, the 
most important energy-producing organelle, other than 
the myocardium, were essentially normal in appearance. 
The matrix was dense, the cristae were closely packed to- 
gether, the peripheral granules were sparse, but present, 
and the membrane of the mitochondria maintained its 
structural integrity. The amorphous masses described by 
Jennings and Ganote,’ characteristic of myocardial dam- 
age, were not in evidence. The myofibrils were intact with 
normal Z bands and intercalated discs. The nuclei were 
normal, and blood vessels showed no evidence of damage. 
In contrast, control animals that had simple anoxic arrest 
only for 45 minutes and no coronary infusion showed 
varying degrees of myocardial damage. The biopsy speci- 
«mèn showed depletion of glycogen granules and striking 
changes in the architecture of the mitochondria, which 
bordered on irreversibility (Fig 4). These latter organelles 
showed loss of matrix, disorganization of the cristae, loss 
of peripheral granules, and the appearance of amorphous 
masses characteristic of myocardial damage. The myofi- 
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brils themselves were largely intact, but not as well pre- 
served as in the previous group. The intercalated discs 
showed accretion of electron-dense material around them. 
Margination of chromatin material in the nuclei was oc- 
curring. There were, however, no visible changes in the 
blood vessels, which were largely intact. 

The other two coronary infusates showed changes inter- 
mediate between the controls and the HR-14 coronary in- 
fusate. In some of the animals the changes were serious 
enough to be considered irreversible. 

Continuous infusion of HR-14 throughout aortic cross- 
clamping was tried in two animals. This was structurally 
destructive to the myocardium. Electron microscopical ex- 
amination of these myocardial biopsy specimens showed 
extensive destruction of mitochondria and nuclear and 
myofibrillar disorganization and destruction. Several con- 
traction bands were in evidence (Fig 5). 


Biochemical Determinations 


Table 3 shows uric acid levels in dogs who received the 
various coronary infusates and in control animals. En- 
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Fig 5.—Continuous infusion with HR-14 results in severe myocardial damage (original magnification x 13,200). 


zyme (CPK, LDH, SGOT) and lactate and pyruvate values 
are shown in the same table. Coronary sinus uric acid lev- 
els (Fig 6) were extremely low after HR-14 infusion. The 
systemic level of this metabolite actually declined during 
anoxia in these animals. In contrast, corresponding uric 
acid values rose during anoxia in the control animals and 
in the animals infused with the other two coronary infu- 
sates studied. 

Differences in lactate and pyruvate levels in the coro- 
nary sinus effluent in the various groups of dogs studied 
were not statistically significant. However, there did ap- 
pear to be an increased efflux of pyruvate from HR-14-in- 
fused dogs after removal of the aortic clamp. 

There were no important differences between the vari- 
ous groups with regard to enzyme (CPK, LDH, SGOT) 
output from the coronary sinus. 


COMMENT 


There is an extensive literature on the cardiac metabo- 
lism of both the normal and anoxic myocardium. This has 
been concisely reviewed by others recently’? and will not 
be recapitulated in detail here. It is now clear that normo- 
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thermic anoxic cardiac arrest beyond a few minutes pro- 
duces myocardial damage that becomes irreversible after 
a determinable period of time. There is some individual 
and species variation in this safe period of anoxia before 
considerable irreversible damage occurs. Such a time limit 
for the dog appears to be between 45 and 60 minutes. Ul- 
trastructural changes after 45 minutes of anoxic cardiac 
arrest in the dog reveal changes bordering between ir- 
reversibility and reversibility.*° The predominant change 
occurs in mitochondria, with loss of matrix, disor- 
ganization of the cristae, and the appearance of amor- 
phous substances. While the determination of reversibility 
of such changes is essentially a subjective one, functional 
studies*"' of myocardium, as well as biochemical determi- 
nations** of tissue creatinine phosphate and ATP, indi- 
cate that a safe period of anoxic cardiac arrest in the ca- 
nine is approximately between 45 to 60 minutes. It should 
be noted, however, that a substantially damaged myocar- 
dium may still be capable of homeostasis through utiliza- 
tion of its reserve capacity.''**° On the basis of clinical 
experience, it is generally assumed that the human myo- 
cardium is more resistant to anoxic damage than the ca- 
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Fig 6.—Coronary sinus uric acid levels before and after anoxia in 
control and HR-14-infused animals. Uric acid levels increased in 
all control animals and decreased in all HR-14-infused animals. 


nine heart. Certainly, at some medical centers, surgical 


procedures requiring aortic cross-clamping are routinely 
done while anoxic cardiac arrest frequently extends to an 
hour or more. However, there is increasing recognition 
that even though such hearts may resume and maintain 
satisfactory hemodynamic function during surgery and 
after, structural damage may still be present, which 
means a reduced reserve capacity. This damage may be 
critical in hypertrophied hearts that have an already re- 
duced functional reserve.'? Because of differential blood 
distribution within the myocardium between its various 
layers, the subendocardial muscle layer appears to be par- 
ticularly vulnerable to anoxic damage.'” The “jelly-sand- 
wich” and the “stone heart” represent variations of such 
myocardial damage. Regional hypothermia with or with- 
out the use of coronary perfusion has become routine in 
several medical centers with the objective of reducing 
myocardial oxygen consumption and metabolism, to min- 
imize anoxic damage. Hypothermia is a well-known meta- 
bolic inhibitor, and there is extensive experimental work 
regarding its protective effect on the myocardium during 
periods of anoxia.'*'* While hypothermia extends the anox- 
ic safe period considerably, the protection afforded by re- 
gional hypothermia is by no means complete, especially in 
hypertrophied hearts, in which there may be a gradient of 
over 10 C (50 F) between the epicardium and endocar- 


« dium."** There has been comparatively little experimental 


interest in other metabolic inhibitors with regard to myo- 
cardial preservation during anoxia. However, recent work 
indieates that these agents may hold promise’ and, 
when combined with hypothermia, may indeed provide ad- 
ditive protection to the myocardium. The coronary infu- 
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sate, HR-14, evaluated in the present study contains three 
metabolic inhibitors: allopurinol, chlorpromazine, and 
magnesium sulfate. Allopurinol is an inhibitor of the en- 
zyme xanthine oxidase. The latter enzyme is found to a 
small extent in the heart" and, in much larger concentra- 
tion, in the liver.'*"* This enzyme converts the purine 
bases, broken down from high-energy phosphates, to uric 
acid. This reaction is irreversible, and the purine bases 
converted into uric acid are irretrievably lost to the orga- 
nism. In contrast, if this reaction is blocked by the inhibi- 
tion of xanthine oxidase by allopurinol, the functional pu- 
rine bases are still theoretically available for reconversion 
into ATP along with restitution of the oxygen supply. 
This postulate of the protective effect of allopurinol has 
had limited experimental substantiation.’** 

In the latter studies, allopurinol was given intrave- 
nously since the major site of action appeared to be the 
liver. In the present investigation, the substance was 
added to HR-14 to inhibit the myocardial xanthine oxi- 
dase. However, the substance was eventually distributed 
systemically through the venous return of the cardio- 
pulmonary bypass. Animals receiving HR-14 had systemic 
uric acid levels that were extremely low, indicating suc- 
cessful metabolic inhibition of the xanthine oxidase sys- 
tem in the liver. Chlorpromazine has a widespread inhib- 
itive action on several metabolic enzyme systems.” There 
appears to be some synergism when chlorpromazine is 
combined with magnesium sulfate, another metabolic in- 
hibitor.” Magnesium is required as a catalyst for several 
enzymatic reactions involved in glucose metabolism. An 
excess or deficiency of magnesium is said to function as a 
metabolic inhibitor.'’ Our coronary infusate also contained 
cardiac substrates such as dextrose, in combination with 
potassium, and insulin, which may play a constructive role 
in myocardial preservation under anoxic conditions.? Our 
coronary infusate also included a number of membrane 
stabilizers, some of which have already been described as 
metabolic inhibitors. This category includes procainamide 
hydrochloride, chlorpromazine, magnesium sulfate, and 
methylprednisolone (Table 1). There were small amounts 
of sodium, calcium, and phosphate included in the solution. 
Heparin sodium was included, since the protective effect 
of anticoagulation on the myocardium during anoxic ar- 
rest appears to be well established.” The pH of the solu- 
tion was adjusted to 7.4 with appropriate amounts of so- 
dium bicarbonate. Mannitol (12.5 gm) was added to the 
infusate for its beneficial effect on the microcirculation” 
and the prevention of the no-reflow phenomenon. Both 
the dextrose and the mannitol contributed to the hyper- 
osmolarity of the solution (700 units). In the present 
study, the successful ultrastructural preservation of the 
myocardium when exposed to this extremely high osmolar 
solution is surprising. It has been shown by other workers 
that the cardiac muscle preserves well in the presence of 
hyperosmolar solutions,” or perhaps because of it. The 
basis for this phenomenon appears to be the reduction in 
cellular edema, which normally occurs during anoxic ar 
rest from the influx of sodium and water into the cell, two 
constituents that are normally kept out of oxygenated tis- 
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sues by energy-dependent “pumps.” The cellular edema is 
thought to be responsible for closing down capillary vascu- 
lar spaces, even though major arteries may remain open, 
resulting in the no-reflow phenomenon. The ratio of open 
capillary spaces to myocardial fibers in well-preserved car- 
diac musculature nears unity. The successful maintenance 
of this high ratio at the time of revascularization after 
anoxic cardiac arrest is considered critical in myocardial 
preservation.':** In addition to the prevention of the no- 
reflow phenomenon by cell-edema reduction, the mannitol 
content of the coronary infusate may have other salutary 
effects on the microcirculation through its antisludging 
and antithrombogenic properties. Nevertheless, the ex- 
tremely high osmolarity of our coronary infusate was ad- 
vantageous, only when it was used as a one-time infusion 
at the beginning of anoxic cardiac arrest. Continuous per- 
fusion of the myocardium with HR-14 resulted in exten- 
sive destructive changes in the myocardium (Fig 4). Pre- 
sumably, dilution of the infusate can be expected to occur 
after a single infusion. 

The ATP assay used in the present study is a modi- 
fication of a method described by Jones et al.” Tri- 
chloroacetic acid was used instead of perchloric acid, and 
the final readout of ATP levels was obtained, using a com- 
mercially available kit. The values so obtained were lower 
than reported by Jones et al, but the modification yielded 
reproducible results with little variation. The difference 
between the two methods may be due to the fact that in 
situ freezing of the myocardium was utilized in the origi- 
nal technique. This was obviously inapplicable in the pres- 
ent study. However, great care was taken to transfer 
the myocardial biopsy specimen to the freezing medium 
within a few seconds after excision. Myocardial ATP lev- 
els are extremely sensitive to anoxia, the rate of dis- 
appearance being especially high during the first few min- 
utes of cessation of blood flow. The criticality of adequate 
ATP levels in the myocardium for successful resuscitation 
after anoxic arrest is soundly established.'*** The dis- 
appearance rate during anoxia is time-dependent. In the 
present study, we attempted to modify this level favor- 
ably by exposing the myocardium to substrates and meta- 
bolic inhibitors during the period of anoxic arrest. In the 
group of animals exposed to HR-14, ATP levels after 45 
minutes of anoxia were more than twice as high as those 
of the control animals. The HR-14 infusate was more ef- 
fective in this regard than the other two infusates tested. 
It should be noted, however, that Sack solution is a renal- 
preservation medium, and its electrolyte composition is 
not conducive to the electrical environment of the myocar- 
dium. It was included in this study for control purposes 
only since its composition is “intracellular” in type. The 
relatively high levels of myocardial ATP in dogs having 
the HR-14 infusate is further corroborated by ultra- 
structural studies. In these animals the infused myocar- 
dium maintained excellent structural integrity, the impor- 
tant mitrochondrial organelles showing little variation in 
afchitecture even after 90 minutes of anoxic arrest. 

Coronary arterial venous differences of a wide variety 
of biochemical substances, including lactate, pyruvate, 
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CPK, LDH and SGOT, potassium, and phosphate, were 
monitored in the present study. There were no noteworthy 
differences between control groups and the HR-14-infused 
animals in these factors. However, in the latter group of 
animals there was a trend toward increased efflux of pyru- 
vate from the myocardium after restoration of coronary 
flow following anoxic arrest. This was thought to be due to 
a combination of excess substrate and metabolic inhibi- 
tion. Of special note, there were no substantial differences 
in the enzyme concentrations between the test and control 
groups. Other studies with anoxic or ischemic myocardium 
have yielded similar results.” There is a considerable time 
delay of several hours following anoxic damage, before in- 
creased enzyme levels in the coronary sinus blood are de- 
tected. 

The experimental use of coronary infusion in the fash- 
ion used in our study is not original. Similar infusions, but 
with solutions of different composition, have been utilized 
by others"? with measurable benefit. The present 
study merely attempts to integrate the numerous sub- 
stances known to be protective to the myocardium, for 
possible maximum benefit. Further modifications in the 
composition of HR-14 in osmolarity and elimination of 
substances of marginal benefit are presently underway. 


This investigation was supported by Veterans Administration grant 
CMR 3838. 
Margaret Keating provided technical assistance. 
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Discussion 


RicHarD M. ENGELMAN, MD, New York: I want to congratulate 
Dr Gibson on an excellent presentation and on being able to suc- 
cessfully use a solution that has evaded most of us. Basically, our 
laboratory has tried to study a balanced-electrolyte continuous 


washout of anoxic myocardium in the experimental animal. 


We use a balanced salt solution that has a normal pH and is iso- 
osmolar. In employing this solution, which we varied from 15 to 60 
ml/min with continuous washout through 60 minutes of anoxia, we 


compared normothermic anoxic animals at 37 C (98.6 F) with the 
solution also at 37 C and animals with hypothermic arrest in which 


the animal and the solution were allowed to reach room tempera- 


BS ture, in this case 25 C (77 F). 
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Much to our surprise, in normothermic animals in which we 


j? E thought that washing out acid metabolite during anoxia would aid 





the myocardium, we were unable to wean the animals from by- 
_ pass despite prolonged postarrest support for 30 to 60 additional 
_ minutes. Measuring myocardial perfusion after arrest by micro- 
heres, we found a decrease in perfusion of approximately 70% 


ng from control levels, which indicates to us myocardial edema for- 
~ mation. 


In the hypothermic group, on the other hand, we discontinued 


_ bypass readily, and after this the left ventricular stroke work was 
_ decreased only about 15% and maximum dp/dt about 10% from 


control levels. The myocardial perfusion postbypass was increased 
by 50% in the hypothermic group. 
This implied to us that hypothermia is more important than 


_ washing out the acid metabolites at normothermia. I would ask Dr 
_ Gibson how he employs his perfusion; does he use it intermittently 


or once only, and is this at the beginning of the anoxic period so 


_ that the heart can obtain the glucose substrate for use during 
- anoxia, or is it given as a washout after a period of anoxia? 


SonaGar, MD, Denmark: The last two papers read have inter- 
ested me because similar experiments have been done in Europe 
for several years. 

A friend of mine, a German professor interested in metabolism 
of the myocardium, has used this cardioplagic solution. A Swedish 
colleague of mine has made some actual experiments on dogs in 


-= which he measured stroke work and minute work of the heart in 


three situations: (1) after one hour of standard perfusion on the 


lung machine, but with the aorta clamped, and infusion in the aor- 
tic root with Bretschneider solution, (2) in the standard extra- 


corporeal circulation in which the aorta is perfused normally, and 
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(3) in selective coronary perfusion. 

He has shown that not only is the arrest with cooling far supe- 
rior to simple anoxic arrest, but even superior to selective coro- 
nary perfusion and to the standard perfusion that occurs with the 
heart on extracorporeal circulation without clamping of the aorta. 

Since 1964 I have not performed anoxic cooling, in the old un- 
derstanding of the word, with the heart stopped by clamping of 
the aorta. All have been perfused with Bretschneider solution, and 
I can very briefly mention my technique. 

I put in a wide-bore canula, clamp the aorta, perfuse the heart 
with oxygenated cold blood, cool the heart down, and switch then 
to perfusion through the aortic root with Bretschneider solution, 
which is circulated until the heart is absolutely quiet. Due to the 
amount of protein in the solution, there is no fibrillation. As soon 
as there is stoppage of movement of the heart, everything is re- 
moved, and we go on with the operation. 

In the last 100 aortic valve replacements we have done, the total 
mortality was 6% and not a single case showed anoxia or hypoxia. 

Dr Rayu: This study was prompted by the fact that there was 
very little work with metabolic inhibitors compared to the tre- 
mendous amount of work being carried on with hypothermia in 
myocardial preservation. 

Since, hypothermia and the other metabolic inhibitors, in our 
cocktail act at different points in myocardial metabolism, there is 
reason to believe that we might indeed get a synergetic or addi- 
tive effect by combining both. 

In one dog we combined mild hypothermia with our infusate 
HR-14 and we got an ATP value very much higher than with the 
infusate alone, and at the end of 90 minutes of anoxic arrest, we 
were able to successfully resuscitate the dog. In every single dog 
that we utilized for controls, uric acid levels went up sharply, 
which indicates that purine catabolism continued on. In each dog 
tested with our infusate, uric acid levels went down, indicating 
that we did indeed succeed in inhibiting purine metabolism. This 
is almost certainly due to the allopurinol component of our infu- 
sate. 

To answer Dr Engelman’s question specifically, we infuse the 
solution as soon as we cross-clamp the aorta and allow it to per- 
fuse the heart for ten minutes at low gravity flow. Dr. Sonagar, 
thank you for your remarks. We are very much aware of Dr 
Bretschneider’s work. In fact, it provided a strong stimulus for 
this study. 
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Palliation of Tricuspid Atresia 


Potts-Smith, Glenn, and Blalock-Taussig Shunts 


William G. Williams, MD; Lorraine Rubis, MD; George A. Trulser, MD; William T. Mustard, MD 


è Aortopulmonary (Potts-Smith), subclavian-pulmonary (Bla- 
lock-Taussig), and cavopulmonary (Glenn) shunts are the com- 
monly performed operations for palliation of tricuspid atresia. A 
total of 104 patients with tricuspid atresia have undergone these 
procedures, either alone or in combination over a 28-year-period 
at the Hospital for Sick Children, Toronto. Operative risk is high 
in the first six months of life (44%), reasonable after six months 
of age (7.4%), and low for reoperation (3.5%). 

Long-term palliation of the 75 survivors (mean follow-up, 8.5 
years) is compared for the three operative groups and charted 
on an actuarial table. Potts shunt offers superior long-term pal- 
liation. Therefore, as an overall plan of management, a Potts 
shunt with restriction of its anastomotic growth is the initial pro- 
cedure of choice. When the patient outgrows the Potts shunt, a 
Glenn anastomosis is constructed. Ideally, the combination of 
these two shunts will produce a balanced circulation offering ex- 
cellent long-term palliation. 

(Arch Surg 110:1383-1386, 1975) 


ricuspid atresia is a rare form of congenital heart 

disease that accounts for only 3% of all heart defects 

at birth. Without treatment, two thirds of these infants 
will die within the first year of life.’ 

Tricuspid atresia is a complex anomaly with four consist- 
ent defects and two variable components.’ The four con- 
stant defects are as follows: (1) absence of the right arte- 
riovenous valve; (2) atrial septal defect; (3) hypertrophy of 
the left ventricle; and (4) hypoplasia or absence of the 
right ventricular sinus. The two variable features are as 
follows: (1) relation of the two great arteries and (2) nar- 
rowing of the right ventricular outflow tract. 

The variation of the latter two components of the anom- 
aly result in a wide spectrum of clinical manifestations. 
Most children with tricuspid atresia show initial symp- 
toms of cyanosis due to inadequate pulmonary blood flow. 
A few (15%) have congestive heart failure due to excessive 
pulmonary blood flow. However, even members of this 
smaller group are likely to become cyanotic as they grow 
older. 

Operative intervention to increase pulmonary blood flow 
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is usually required in all of these children. The commonly 
preferred palliative procedures have been the Potts-Smith 
shunt (anastomosis of descending aorta to left pulmonary 
artery), the Blalock-Taussig shunt (anastomosis of subcla- 
vian artery to pulmonary artery), and the Glenn shunt 
(anastomosis of superior vena cava to pulmonary artery). 
This article reviews our experience with these three oper- 
ative procedures in tricuspid atresia over the past 28 
years. 


SUBJECTS AND METHODS 


Between 1947 and 1975, 104 children with tricuspid atresia un- 
derwent a Potts, Blalock-Taussig, or Glenn shunt at the Hospital 
for Sick Children, Toronto. The indication for operation is anoxia, 
producing acidosis, cyanotic spells, or a progressive rise in hema- 
tocrit value above 60%. Fifty patients required operation before 
the age of 6 months. 

A Potts shunt was performed as the initial palliative procedure 
in 43 children. A Blalock-Taussig shunt was performed in 37 other 
children, and a Glenn anastomosis in the remaining 24 patients. 

Subsequent operations were required in 22 patients. A total of 
29 procedures were performed, consisting of nine Potts shunts, 
eleven Glenn anastomoses, and nine Blalock-Taussig shunts. _ 

Follow-up of these patients varies from five months to 23 years 
and averages 8.5 years. 


RESULTS 


Operative risk is related to the patient’s age: 


Operative Risk vs Patient Age 


< 6 mo >6 mo 
Potts 13/82 (41%) 3/18 (17%) 
Glenn 2/4 (50%) 0/31 
Blalock-Taussig 7/14 (50%) 3/32 (9.4%) 
Total 22/50 (44%) 6/81 (7.4%) 


Operative risk for those patients requiring subsequent 
procedures is also low (3.5%). Out of 29 patients requiring 
secondary procedures, we had one death. Operative mor- 
tality was as follows: nine Potts shunts, one death; 11 
Glenn shunts, no deaths; nine Blalock-Taussig shunts, no 
deaths. 

At the time of the most recent clinical follow-up, 25% ef 
the survivors are asymptomatic, 65% had mild to moderate 
exercise limitation, and 10% are severely limited. 

To assess the effectiveness of the three shunt procedures 
on a long-term basis, patient survival is charted by the ac- 
tuarial method (Fig 1). Patient survival for the three oper- 
ative groups varies between 86% and 100% (mean follow- 
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= Fig 1.—Seventy-five patients survived a Potts, Glenn, or Blalock- 


Taussig shunt. Long-term survival is not statistically different 
among three operative groups. Mean follow-up is 8.5 years. 
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up, 8.5 years). There is no significant difference among the 
three groups. 

The long-term palliation of these patients frequently 
requires secondary operative procedures. Because the risk 
of reoperation is low, patient survival does not necessarily 
reflect the effective long-term palliation of the initial op- 
erative procedure. To illustrate the duration of effective 
palliation by these three operations, the actuarial curve 
was recalculated to illustrate shunt survival, rather than 
patient survival (Fig 2). “Shunt mortality” is defined as 
one of the following: thrombosis of a shunt; reoperation to 
augment pulmonary blood flow in spite of a functioning, 
but inadequate, shunt; or death of a patient. 

The Glenn anastomosis, when constructed as the initial 
palliative shunt, maintains most patients adequately for 
the first seven years. A rather dramatic decline then oc- 
curs. The Potts shunt is almost as effective as the Glenn 
shunt during the first seven years and then declines only 
gradually. Ten years following operation, almost 70% of 
the survivors of a Potts shunt have not required further 
palliative surgery. A few patients are surviving 20 years 
after a Potts shunt without further palliation. 

The Blalock-Taussig shunt is less effective as the sole 
palliative procedure. Five years after their initial oper- 

‘ation, only 63% of Blalock-Taussig patients are main- 
4 tained adequately. 

. To further clarify the palliation offered by a Blalock- 
~ Taussig operation, shunt survival was plotted according to 
~ the side on which the operation was performed. Figure 3 
illustrates the superiority of a right (ipsilateral to innomi- 
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Fig 2.—Recalculated survival curves illustrate duration of effec- 
tive palliation by initial operation. Death, thrombosis of shunt, or 
reoperation in spite of functioning shunt are considered ‘‘shunt 
mortality.” Glenn shunt yields satisfactory palliation in 83% for 
seven years but by 8⁄2 years only 41% are palliated by initial oper- 


ation. Potts shunt maintains 68% up to ten years following oper- 
ation. 


nate artery) Blalock-Taussig shunt compared to an oper- 
ation on the left side. All Blalock-Taussig shunts, whether 
primary operations or subsequent procedures, were in- 
cluded to calculate these survival curves. Long-term pal- 
liation is inadequate with a Blalock-Taussig shunt on the 
left side. Sixty percent of these patients have needed fur- 
ther palliation before the fourth postoperative year. A 
right-sided Blalock-Taussig shunt compares favorably to a 
Potts shunt for the first five postoperative years, but ade- 
quate palliation after that time is much more likely in 
those patients with a Potts shunt. 

The question of pulmonary vascular disease is an impor- 
tant problem in these patients. The only definite case of 
pulmonary hypertension in the entire series occurred in a 
patient with a Blalock-Taussig shunt. Of the 26 surviving 
patients with a Potts shunt, only two do not have contin- 
uous murmurs. Three of the 27 survivors of Blalock-Taus- 
sig shunt do not have continuous murmurs. 


COMMENT 


Recently described corrective operations for tricuspid 
atresia by Fontan and Baudet? and by Kreutzer and asso- 
ciates* have renewed interest in this complex anomaly. It 
seems appropriate to review the results obtained with con- 
ventional palliative procedures as a base line for assessing 
the newer operations. 

Most children with tricuspid atresia will require oper- 
ation in the first year of life because their pulmonary 
blood flow is inadequate. The cavopulmonary anastomosis 
is generally recognized as being inappropriate for children 
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Fig 3.—Blalock-Taussig shunt offers longer palliation if con- 
structed on the side of the innominate artery. Follow-up informa- 
tion of 19 children with right (ipsilateral) and 15 with left (contra- 
lateral) Blalock-Taussig operations was utilized. 


under 2 years of age.** Use of the shunt joining the as- 
cending aorta and the right pulmonary artery or a right- 
sided Blalock-Taussig shunt requires a right-sided tho- 
racotomy. This will complicate reoperation at an older age 
when cavopulmonary anastomosis is recommended. Only 
if the superior vena cava is on the left (5% of tricuspid 
atresia patients in our series) should a right-sided sys- 
temic shunt be considered. 

Consequently, the two operations to be considered for 
the infant with inadequate pulmonary blood flow are the 
Potts shunt and the left-sided Blalock-Taussig shunt. As 
seen in Fig 3, a left-sided Blalock-Taussig shunt is un- 
likely to yield satisfactory palliation beyond the first three 
postoperative years. The recent modification of proximal 
arterioplasty for a contralateral Blalock-Taussig shunt’ 
may improve long-term palliation. Five percent of tri- 
cuspid atresia patients have a right aortic arch, and in this 
small group a left-sided Blalock-Taussig shunt is on the 
same side as the innominate artery. Nevertheless, even 
the ipsilateral Blalock-Taussig shunt offers a less satisfac- 
tory rate of palliation than the Potts shunt after the fifth 
postoperative year. 

We recommend the Potts shunt for the initial palliative 
procedure in patients up to the age of 8 years. In the in- 
fant group, it should be preceded by a balloon septostomy* 
to ensure unobstructed flow of blood into the left atrium. 
Operative risk is high in the first six months of life (31% 
difring the past ten years) but the long-term palliation of 
this shunt is superior to all other shunts. Almost 70% of 
the patients who have survived when a Potts shunt was 
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the initial procedure have not required further operation 
during the first ten postoperative years. We band the 
Potts anastomosis with a No. 1 ligature to a circumference 
of 25 mm. By restricting the total anastomotic growth,’ 
the patient’s total pulmonary blood flow will become 
inadequate at approximately 10 to 14 years of age. Liga- 
tion of the right pulmonary artery during cavopulmonary 
anastomosis will divert all of the Potts flow into the left 
lung. This flow should be adequate for one lung. 

The Glenn shunt is a safe operation with excellent early 
palliative results. Beyond the seventh postoperative year, 
however, there is a sharp decline in the percentage of pa- 
tients with adequate palliation. Others have previously re- 
ported this late deterioration'’” that correlates with a 
slowly progressive rise in hemoglobin and hematocrit lev- 
els, a phenomenon that appears to be delayed by a sys- 
temic shunt to the contralateral lung.’ Therefore, we 
presently utilize the Glenn cavopulmonary shunt as the 
second operative procedure. In the rare instance where 
a child reaches age 8 years or older without operative 
treatment, it is likely that his pulmonary blood flow is ade- 
quate to supply the left lung. Consequently, in this situ- 
ation, the Glenn shunt would be recommended as the ini- 
tial operation. 

The combination of an initial Potts shunt with limita- 
tion of its growth, followed by a Glenn anastomosis ap- 
proximately ten years later, may achieve a balanced circu- 
lation with excellent palliation that will continue into 
adulthood. } 


This investigation was supported by the Ontario Heart Foundation. Betty 
Kuzin, assisted in the preparation of the actuarial graphs. 
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Discussion 


GEORGE J. REUL, MD: I would like to congratulate Dr Williams 


and his associates on their excellent results, particularly in long- 
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term follow-up. At the Texas Heart Institute, we have operated 
on 129 patients with tricuspid atresia and we, too, favor Potts 
anastomosis. Potts anastomosis was done in 85 patients, Blalock- 
Taussig in 19, shunt of the ascending aorta to the pulmonary ar- 
tery in 18 patients, and the Glenn procedure in only three pa- 
tients. The remaining four patients had other types of shunts. We 
prefer to use Potts anastomosis as the primary procedure. The 
Blalock-Taussig shunt is our chosen procedure for a second oper- 
ation if the child outgrows the Potts anastomosis and another 
shunt is required. Shunt of the ascending aorta to the pulmonary 
artery is done as a primary procedure when a Blalock-Hanlon pro- 
cedure is required in addition to a shunt. 

We have also noted increased mortality when shunts were per- 
formed on patients under the age of 6 months. Seven out of 23 pa- 
tients under the age of 1 month died and two out of 24 patients 
between the ages of 1 to 4 months died. Mortality of these 47 pa- 
tients operated on under the age of 4 months was 18%. 

It is interesting to note that there were no deaths in the oper- 
ative period (the first 30 days following surgery) when the patient 
was over 12 months of age. However, we had four late deaths. 

I would like to ask whether the banding is necessary at the time 
of construction of Potts anastomosis, and in particular, how the 
size of the constriction is measured. 

It would seem from analysis of our own results with the Potts 
anastomosis that a constricting band is not necessary and, in fact, 
may worsen late results. 

W. W. L. GLenn, MD, New Haven, Conn: Our results correspond 
very closely to those of Dr Williams and his group. I think they 
have made a valuable contribution to the treatment of tricuspid 
atresia. 

I would like to give a progress report on an operation we de- 
scribed several years ago that was designed to increase the blood 
flow te the right lung in patients with anastomosis of the superior 
vena cava to the right pulmonary artery. The operation, an ax- 
illary arteriovenous fistula on the right side, has been performed 
on two patients with tricuspid atresia, 10 and 12 years after 
anastemosis of the cavopulmonary artery. Both patients had had 
a shunt joining the left subclavian artery to the pulmonary artery 
performed in infancy that had become occluded. 

Following the creation of an axillary arteriovenous fistula, there 
was a notable increase in arterial oxygen, an appreciable decrease 
in the hematocrit level sustained over a four-year period, and a 
substantial improvement in blood flow to the right lung. 

This improvement has been achieved without evidence of pul- 
monary congestion or cardiac enlargement. A seeond patient fol- 
lowed up for a shorter period of time has had similar results. This 
operation is recommended in patients with a shunt of the superior 
vena cava to the right pulmonary artery in whom supplemental 
oxygenation is necessary, and where a shunt of the left pulmo- 
nary artery to the systemic artery has been performed, but has 
become occluded. 

F. C. Spencer, MD, New York: Dr Glenn, how large is the 
fistula? 

DR GLENN: The fistula we have made has been between 6 and 7 
mm. | consulted several times with Dr Emile Holman in San Fran- 
cisco to decide what the appropriate size might be. We concluded 
that the size that is used for a peripheral arteriovenous fistula for 
dialysis is probably about right. 

Dr SPENCER: Is this a bigger diameter than that of the artery? 
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Dr GLENN: I would guess in a 13- to 14-year-old child that it is 
slightly larger, but not very much. 

Dr SPENCER: One other question that has troubled everybody 
testing with tricuspid atresia. The cavopulmonary anastomosis is 
superb for a few years. What would you guess would be the per- 
centage of people now at ten postoperative years who continue to 
have a satisfactory result or the percentage of those who would 
need some sort of supplemental procedure? 

DR GLENN: I notice the figure given by Dr Williams was about 
40% occurring around the eighth year. This is our experience as 
well. On the other hand, we have some patients who, for reasons 
that I do not understand, are doing extremely well without a sup- 
plemental shunt 12 to 14 years postoperatively. 

There seems to be a difference when a supplemental shunt is 
needed, depending on the disease or the lesion. For some reason, 
patients with tricuspid atresia seem to require a supplemental 
shunt earlier than do patients with transpositions of the great 
vessels with pulmonary stenosis, double outflow right ventricle 
with pulmonary stenosis, or corrected transposition with pulmo- 
nary stenosis. 

H. Laks, MD, St Louis: With the availability of the Fontan pro- 
cedure, one of the major concerns of palliation during infancy 
should be the development of increased pulmonary vascular resist- 
ance. One of the problems in the past with the Potts shunt has 
been occasionally excessive flow. For that reason, we would think 
that it might be a shunt to be avoided in favor of the Blalock- 
Taussig shunt on, perhaps, the left side. 

DR SPENCER: Is this a belief of yours or do you have statistics? 

Dr Laks: No, we do not have statistical evidence, but it is a 
fairly strong belief. Unlike the Blalock-Taussig shunt, the Potts 
shunt does have occasionally excessive fiow as shown by Cole and 
others. In the presence of increased pulmonary vascular resist- 
ance, the Fontan procedure would have poor results. 

DR SPENCER: In closing, Dr Williams, what are your plans for 
this mortality of 40% for patients under the age of 6 months? I 
also have another question similar to that of Dr Reul concerning 
the banding concept. I wonder if the reason that your Potts re- 
sults are best is because the shunt actually grows with age? And 
you may drop the Potts curve below your Blalock-Taussig curve if 
you band too much. How long have you been doing this banding? 
Do you have statistics or is this a recently mustered idea? 

Dr WILLIAMs: No, this is a George Trussler idea that he verified 
in the laboratory. We have been doing this clinically since about 
1968. In answer to your question about whether the banding 
works, I think there is little doubt that it does. A few infants 
whose initial shunts were banding too tightly—22 mm circum- 
ference—outgrew the shunt by 5 years of age. 

Dr SPENCER: What is the size of the band you use now? 

Dr WILLIAMS: We recommend between 25 and 26 mm but it is a 
trial and error measurement. This size should maintain a patient 
up to the 10- to 14-year old age group. We cannot claim that the 
lack of late pulmonary hypertension is a result of using the band 
because that is a comparatively recent experience. 

For patients under the age of 6 months, I think our mortality 
for the Potts shunt is now very much less and I congratulate the 


group of Dr Ruel for their excellent results, particularly in that 


younger, difficult age group. Our operative mortality for the Potts 
procedure for patients under the age of 6 months has been just 
under 10% in the last two years. 
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The Blalock-Hanlon Procedure 


Simple Transposition of the Great Arteries 


Virginia Herrmann, MD; Hillel Laks, MD; George C. Kaiser, MD; 
Hendrick B. Barner, MD; Vallee L. Willman, MD 


è Between 1959 and 1975 at St. Louis University Medical Cen- 
ter, 71 patients underwent surgery with the Blalock-Hanlon tech- 
nique. Thirty-nine had simple transposition of the great vessels. 
The mean age at the time of operation was 3.4 weeks. Sixty-four 
percent were less than 1 month of age. Eighty-five percent sur- 
vived the operation, In 11 the Blalock-Hanlon procedure was per- 
formed after failure of balloon septostomy. Arterial saturation 
was increased from a mean of 47% to 73%. There were three late 
deaths prior to Mustard repair (intra-atrial baffle procedure). Six- 
teen patients underwent Mustard repair at a mean age of 4 years 
and a mean follow-up of 2'2 years. There were three deaths after 
surgery and three late deaths after the Mustard procedure. The 
Blalock-Hanlon procedure achieves prolonged palliation, avoid- 
ing an emergency Mustard procedure in infancy with its risk of 
late vena caval obstruction. 

(Arch Surg 110:1387-1390, 1975) 


netin of the great arteries (TGA) has been 
responsible for the greatest mortality resulting from 
congenital heart disease during an infant’s first year of 
life. In 1948 Blalock and Hanlon, at Johns Hopkins Hospi- 
tal, reported the use of a closed method for creating an 
atrial septal defect for TGA.' Atrial septectomy by this 
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closed method, or atrial septectomy with inflow occlusion,’ 
became the standard treatment for TGA where the atrial 
septal defect (ASD) was inadequate in size to allow com- 
plete mixing. In 1966 Rashkind® reported on the successful 
use of balloon atrial septostomy at the time of cardiac 
catheterization. Although balloon septostomy has the ad- 
vantage of a low immediate mortality, there is a high fail- 
ure rate in some series, with need for early atrial sep- 
tectomy or for correction by a Mustard procedure. Early 
correction, however, carries an increased risk of vena 
caval obstruction, particularly if a prosthetic baffle is 
used.‘ It is our experience that the Blalock-Hanlon proce- 
dure can be done primarily with a low risk, and will allow 
the child to achieve adequate size, so that definitive repair 
can be done electively between 1 and 2 years of age. At 
the St. Louis University Medical Center the Blalock-Han- 
lon procedure has been performed on all cases of trans- 
position if there was inadequate mixing at the atrial level. 
This experience affords us an opportunity to reevaluate 
the Blalock-Hanlon technique for TGA with intact ven- 
tricular septum. 


SUBJECTS AND METHODS 


Between 1959 and 1975, a total of 71 patients underwent the 
Blalock-Hanlon procedure at the St. Louis University Medical 
Center. Diagnosis was based on cardiac catheterization with selec- 
tive angiographic studies in all but one patient who underwent an 
emergency Blaleck-Hanlon shunt for severe respiratory distress. 

The patients were classified according to their anatomic lesions, 
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Congenital Defects in Patients Who Underwent 
Blalock-Hanlon Procedure 


Defect 


Simple TGV 
TGV with ASD 
TGV with ASD + PDA 
TGV with insignificant VSD 


Total 


Complex TGV 
TGV with VSD 
TGV with VSD + PDA 
TGV with VSD + PS 
TGV with ASD + PS 
TGV with coarctation 


No. of Patients 


Complex lesions 
Mitral atresia 
Tricuspid atresia 
Others 





as shown in the Table. Review of the records and long-term fol- 
low-up of 39 patients with simple TGA comprised this study. Of 
this group, 26 had TGA with a small ASD and no other associated 
defeets. Seven had TGA with a patent ductus arteriosus (PDA). 
Six had TGA with an insignificant ventricular septal defect 
(VSD), which did not require subsequent treatment. The diag- 
noses in the complex group are also shown in the Table. 

The charts of these patients were reviewed, and recent follow- 
up obtained. Adequate blood gas or saturation measurements 
were obtained before and after the atrial septectomy, and prior to 
Mustard repair in 19 patients. In some instances, capillary blood 
gas values were available. In others, arterial blood gas or satura- 
tion measurements were available. Oxygen saturations were cal- 
culated from the oxygen pressures, the arterial carbon dioxide 
pressure, and pH, using standard nomograms. Thus, all results 
are reported in terms of oxygen saturation. 


RESULTS 


Eleven of the 39 patients with simple TGA underwent 
Rashkind balloon septostomy at the time of cardiac cathe- 
terization. In six, this attempt failed to produce adequate 
improvement. Five, whose conditions were improved ini- 
tially after balloon septostomy, also required a subsequent 
Blalock-Hanlon procedure. 

There were 21 male and 18 female patients with simple 
TGA. The mean age at the time of the Blalock-Hanlon 
procedure was 3.42 weeks. All patients with simple TGA 
were less than one year of age at the time of the proce- 
dure. Early deaths were defined as occurring within 30 
days of surgery, while late deaths were those occurring 
prior to Mustard repair. Twenty-five patients (64%) were 
operated on at less than 1 month of age. There were four 
early deaths in this group. Twelve (31%) were between 1 
and 3 months of age, with two early deaths in this group. 
Two patients (5%) were operated on between 4 and 12 
months of age; both survived. Of the 39 patients classified 
as simple TGA, there were six early deaths, a mortality of 
15%. There was one intraoperative death due to hemor- 
rhage. The remaining five early deaths were due to car- 
diac or respiratory arrest. Three patients required ligation 
of a patent ductus arteriosus. In two of the survivors, this 
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was performed during the same operation. In a third pa- 
tient who died, it was done three weeks after the first 
procedure. 

Technically, the previous Blalock-Hanlon operation fa- 
cilitated the Mustard procedure. The common atrium was 
large, and only a semblance of an atrial septum was left 
for excision. Adhesions were rarely a problem, and the 
pericardium could be used for the baffle in the majority of 
cases. 

The mean arterial oxygen saturation prior to creation 
of the ASD was 47%. The mean arterial saturation after 
atrial septectomy in this group of patients was 73%. Sev- 
eral patients showed little increase in arterial oxygen sat- 
uration after atrial septectomy, although clinically they 
were much improved. 

There were three late deaths prior to corrective surgery 
among the 33 survivors. Two of the three died of respira- 
tory problems and sepsis at four and six months postoper- 
atively. One died suddenly at home of an unexplained 
cause two months after surgery. 

Of the 30 long-term survivors, 16 have undergone the 
Mustard procedure at a mean age of 4 years. The mean ar- 
terial oxygen saturation of these 16 patients immediately 
before the definitive correction was 76%. There were three 
early deaths (18%) and three late deaths (23%). The ten 
survivors have been followed up a mean of 2% years. Only 
one patient developed mild superior vena caval obstruc- 
tion, which has not yet required surgical correction. 

There are 14 patients at the time of this report who are 
classified as survivors of the Blalock-Hanlon procedure, 
and who have not yet undergone definitive correction. The 
mean age of these patients is 12 months. 


COMMENT 


At this institution, 33 of 39 patients (85%) with simple 
TGA survived the Blalock-Hanlon procedure and were ef- 
fectively palliated. Arterial oxygen saturation was 
strikingly increased, from a mean of 47% to 73%. In addi- 
tion to realizing immediate palliation of symptoms, these 
patients did well on long-term follow-up. There were only 
three late deaths prior to definitive correction of the 33 
survivors of the Blalock-Hanlon operation. The average 
age of the 16 patients who underwent the Mustard proce- 
dure in this series was 4 years, and the mean arterial Oxy- 
gen saturation prior to definitive correction was 76%. 
These figures indicate that palliation is maintained for a 
considerable duration until the Mustard procedure can be 
electively performed. 

The mortality of the procedure has dropped since Bla- 
lock and Hanlon’ first reported an early mortality of 75% 


(9) in a series of 12 patients. Ochsner et al, in 1961 re-. 


viewed 45 patients with TGA during a six-year period who 
underwent Blalock-Hanlon septectomy. The early mortal- 
ity of 29% (13 of 45) fell to 18% (5 of 28) during the last 
three years of the series. Cornell et al’ reviewed 90 pa- 
tients between 1948 and 1964 with an overall early mortal- 
ity of 53% (49 of 90). This figure reflects a very high early 
mortality in the series between 1948 and 1949. Deverall et 
al* reported an early mortality of 45% (80), in a review of 
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178 patients. However, they, too, report a notable decrease 
in mortality in recent years. In a recent review of 48 pa- 
tients with TGA who underwent Blalock-Hanlon proce- 
dure, Behrendt et al° report an early mortality of 21% (10). 
They also note that of 38 survivors there were only three 
late deaths, with no major complications requiring early 
Mustard repair. In addition, prolonged improvement in 
the arterial oxygen saturation was obtained. 

While the above reports show a seemingly high early 
mortality, it should be noted that in all of these series, pa- 
tients with both simple and complex transposition of the 
great vessels are included. The mortality in patients with 
more complex transposition, including significant VSD, 
pulmonic stenosis, coarctation, and other defects is 
greater at the time of atrial septectomy. In addition, the 
above series also include patients who underwent other 
procedures at the same time as the septectomy, such as 
systemic-pulmonary artery shunts. 

In reviewing reports on balloon atrial septostomy, it is 
evident that although the mortality related to septostomy 
is quite low, and early palliation is often achieved, the 
long-term effectiveness of this procedure is not as impres- 
sive. Rashkind” in 1974, described a series of 64 patients 
with simple and complex transposition of the great ar- 
teries who underwent balloon atrial septostomy. Although 
the immediate mortality in this series was only 3% (2 of 
64), 18% (8 of 64) of the patients suffered early deaths, and 
18% (10 of 56) suffered late deaths. 

The experience of others had not been so favorable. In 
1973 Hawker et al“ from the Johns Hopkins Hospital re- 
viewed 29 patients with simple TGA undergoing balloon 
atrial septostomy. Forty-five percent (13 of 29) of these 
patients were classified as early failures, which were de- 
fined as infants who died, or required surgical atrial sep- 
tectomy or open repair because of hypoxia. Forty-four 
percent (7 of 16) were defined as late failures, and either 
died or required repair before the end of the sixth month. 
Neches et al’? described a series of 50 patients with TGA 
who underwent balloon septostomy with an immediate 


mortality of only 2% (1 of 50). While the early failure rate 
in this series was only 8% (4 of 50), nine patients required 
operative atrial septectomy, and two patients required a 
second balloon septostomy. There were a total of 12 deaths 
in this series. Tynan" reviewed 37 patients with simple 
transposition undergoing balloon atrial septostomy. Mor- 
tality due to the procedure itself in this series is also quite 
low. However, he notes an early mortality of 16% (6 of 37) 
and a late mortality in these patients of 26% (8 of 31). The 
author of this series points out that while an early advan- 
tage may be gained by balloon atrial septostomy, the late 
death rate for balloon septostomy was higher than that of 
surgical atrial septectomy. Parsons et al’ also reported a 
fairly high early and late failure rate following balloon 
septostomy, with a number of patients requiring surgical 
atrial septectomy after balloon septostomy had been per- 
formed. 

It is thus our feeling that, while the initial mortality af- 
ter balloon atrial septostomy is quite low, palliation is not 
as effective and is of shorter duration. 

Stark et al, in 1974, reviewed the results of 63 infants 
who underwent the Mustard procedure for repair of TGA 
between the ages of 3 weeks and 12 months. Twenty-two 
of the 26 patients who developed vena caval obstruction 
with the Dacron baffle were smaller than 12 kg (26.4 1b). 

With this and other current reports on vena caval ob- 
struction following the Mustard procedure,***’ partic- 
ularly in the younger age group,‘ we deem it advanta- 
geous to perform definitive correction above the age of 1 
year. 

Our current approach is to perform balloon atrial sep- 
tostomy at the time of cardiac catheterization. If the in- 
fant’s condition is only marginally improved or begins to 
show signs of deterioration, atrial septectomy by means 
of the Blalock-Hanlon procedure is done immediately. 
This procedure has a low early mortality and achieves pro- 
longed, effective palliation with a low late mortality. This 
allows definitive correction to be performed electively at 1 
to 2 years of age. 
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Discussion 


WILLMM G. WILLIAMS, MD, Toronto, Canada: Our current re- 
sults with the Blalock-Hanlon technique for the past seven years 
have been three deaths out of 50 cases, an operative mortality of 
6%. We advocate this operation in patients under the age of 3 
months instead of early correction, for the same reasons that the 
authors have given. 

We have also had some experience with the Edward procedure 
and have done 46 of these septal shifts, as they are called. The 
mortality has been slightly higher in this group, 12%, but we feel 
that this allows for more adequate banding of the pulmonary ar- 
tery, should that be necessary. I wonder if the authors have had a 
similar experience with the Edward procedure or do they use the 
Blalock-Hanlon procedure alone? 

ROBERT S. SADE, MD, Boston: I think it is important to distin- 
guish between the causes of failure of early balloon atrial septos- 
tomy. The two possible causes are (1) inadequate ballooning with 
an inadequate opening of the atrial septum, or (2) desaturation 
and acidosis after adequate ballooning or Blalock-Hanlon proce- 
dure. These patients can be distinguished by evaluating the angio- 
grams and the cardiac catheterization findings. If the findings 
suggest that the balloon atrial septostomy was adequate, rather 
than doing the Blalock-Hanlon procedure, we would choose to do a 
Mustard operation. 

We now have done nine Mustard procedures in patients under 
the age of 3 months. Only one of these patients, a 5-day-old infant 
at the time of surgery, died, and this happened a month after the 
operation. Therefore, when considering what to do after early 
failure of a balloon atrial septostomy, one should take into account 
the causes for the failure, and whether a Blalock-Hanlon proce- 
dure is likely to produce improvemext. If the interatrial communi- 
cation seems adequate, consideration should be given to a Mus- 
tard operation. 

JOHN A. WALDHAUSEN, MD, Hershey, Pa: Have the authors seen 
any cerebral complications in the postoperative period following 
the Blalock-Hanlon procedure, while the patient is waiting for the 
apprepriate time for total correction of his transposition? In our 
experience, following balloon atrial septostomy, infants were usu- 
ally adequately palliated, but approximately 20% would develop a 
cerebrovascular accident while awaiting their correction at the 
age ef 2 years, an age at which the operation could be done with 
little or no mortality. However, this complication has persuaded 
me that earlier repair (1 year of age or under) is indicated, even 
though the operative mortality may be slightly higher. 
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Dr Laks: Dr Williams, we have not utilized the Edwarc proce- 
dure and have no experience with it. As to Dr Sade’s comments, 
we have had some patients who have had persistent desaturation 
after the Blalock-Hanlon procedure, but no patients who have had 
acidosis, and all have done well clinically in terms of beginning to 
eat well and gain weight. 

Dr Waldhausen commented on the occurrence of stroke after 
balloon septostomy. We had one patient in the series who devel- 
oped a cerebrovascular accident with hemiparesis immediately af- 
ter the procedure, possibly due to embolism. However, we have 
had no patients during the late follow-up who have developed 
strokes. I think there is evidence now that the occurrence of 
strokes in cyanotic heart disease is related to the cyanosis and 
polycythemia. There was also a recent article by C.A. Fischbein et 
al (Am J Cardiol 34:97, 1974) showing that the incidence of brain 
abscess was related to the degree of cyanosis. In some of the 
series with the Rashkind balloon septostomy, these infants have 
had persistent cyanosis, and I think that plays a part in the inci- 
dence of cerebrovascular accidents. At Children’s Hospital in Bos- 
ton, with the use of the Blalock-Hanlon procedure in children 
whose conditions have not improved with balloon septostomy, 
there has been a low incidence of strokes in the last few years ac- 
cording to an oral communication from Amnon Rosenthal, MD, in 
June, 1975. 

Dr Spencer asked me to comment on the place of the Blalock- 
Hanlon procedure in our methods. Our series and those of others 
have shown that the Blalock-Hanlon technique does achieve pro- 
longed palliation with low mortality and morbidity. It eliminates 
the need for “emergency” Mustard procedures in patients under 
the age of 6 months and allows the definitive correction to be done 
electively at 1 year of age. It would certainly seem justified for 
groups doing deep hypothermia work to continue performing the 
Mustard procedure in small infants. However, we have not had a 
long-term follow-up in this group in terms of vena caval obstruc- 
tion, and this may present a very serious problem to correct. Our 
current protocol, therefore, is to attempt balloon septostomy, but 
to go immediately to closed atrial septectomy if there is inade- 
quate improvement. The Mustard procedure can then be done 
electively when the patient is 1 to 2 years of age. If the long-term 
follow-up of the Mustard procedure done in the first 6 months of 
life is good, the Blalock-Hanlon procedure may become archaic for 
simple transposition of the great arteries. 
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Surgical Treatment of 


Atrioventricular Canal Defect 


Robert L. Hardesty, MD; J. Robert Zuberbuhler, MD; Henry T. Bahnson, MD 


e Fifty-nine patients with congenital anomalies of the atrioven- 
tricular canal underwent operation and all survivors were fol- 
lowed up. 

In 42 patients with partial atrioventricular canal defects, ten 
had preoperative congestive heart failure. Three, or 7.1%, died of 
endomyocardial fibroelastosis, high pulmonary vascular resist- 
ance, and severe mitral regurgitation. A fourth patient later died 
of Wolff-Parkinson-White syndrome and fibrillation. Reopera- 
tions in five patients were all successful. No patients had 
persistent atrioventricular blocks, and all patients are asympto- 
matic. Two of these subjects continue to receive digoxin ther- 
apy, and one of them is believed to have substantial mitral insuf- 
ficiency. 

Of the 17 patients who had complete atrioventricular canal de- 
fects, 13 had a divided common anterior leaflet attached to the 
septum by chordae tendineae, and four had undivided and unat- 
tached anterior leaflets. Two had previously undergone pulmo- 
nary banding, and nine were treated for congestive heart failure. 
Six died after operation. There were no reoperations. No patient 
presently has required a pacemaker. Two subjects have persist- 
ent cardiomegaly. 

(Arch Surg 110:1391-1396, 1975) 


real cushion defects are characterized 
anatomically by the presence of an ostium primum 
type of atrial septal defect, a deficient crest of the inter- 
ventricular septum with or without an interventricular 
communication, and a variety of atrioventricular valvular 
abnormalities. The valvular dysfunction and the need to 
produce competent and durable valves from the available 
tissues are the major challenges of repairing anomalies of 
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the atrioventricular canal. This study reviews an 1l-year 
experience at the University of Pittsburgh with “correc- 
tion” of these defects and also clinically evaluates the pa- 
tients after operation. 


CLINICAL SUBJECTS 


The distinction between a partial and a complete defect of the 
atrioventricular canal is based on the existence in the complete 
form of an interventricular communication. This study is a retro- 
spective analysis of our experience with 59 patients who were sur- 
gically treated at Children’s Hospital of Pittsburgh between Sep- 
tember 1963 and December 1974. Partial atrioventricular canal 
defects were present in 42 patients, 40 of whom had a cleft in the 
anterior leaflet of the mitral valve (two of these subjects also had 
a cleft in the septal leaflet of the tricuspid valve). Two patients 
had an ostium primum defect without valvular deformity. 

There were 17 complete atrioventricular canal defects that have 
been classified according to the description of Rastelli and co- 
workers.” 

Type A.—In the type A defect, the anterior leaflet is divided into 
mitral and tricuspid portions whose chordae extend from the 
rim of the ventricular septal defect to the margins of the leaflet 
bordering the divisions. There were 13 patients in the 17 with 
complete atrioventricular canal defects who had type A defects, 
and there were 11 patients who had ventricular septal defect pres- 
ent beneath the posterior leaflet. 

Type B.—In the type B defect, the anterior leaflet is divided and 
not attached to the ventricular septum, but both the mitral and 
tricuspid components attach medially to an anomalous papillary 
muscle arising in the right ventricle, adjacent to the ventricular 
septum. Of the patients with complete atrioventricular canal de- 
fects, there were none who had type B. 

Type C.—In the type C defect, an anterior leaflet is not divided 
and does not have chordal attachments to the ventricular septum. 
Four of these 17 patients had type C defects. A ventricular septal 
defect was present beneath the posterior leafiet in three patients. 


Partial Atrioventricular Canal Defect 


The partial atrioventricular canal anomalies were repaired in 42 
patients at a median age of 7 years (range, 11 months to 16 years) 
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with a median weight of 22 kg (48.5 lb) in a range between 7 kg 
(15.4 lb) and 60 kg (132.2 Ib). There were 20 male and 22 female pa- 
tients. Three of the 42 patients had Down syndrome. All patients 
were asymptomatic, but ten were receiving digoxin therapy be- 
cause of previous congestive heart failure or an unusual degree of 
cardiomegaly. Two years prior to operation, one patient had sus- 
tained a cerebral embolus that resulted in persistent hemiparesis 
on the right side. 

Thirty-eight of the 42 patients had clefts in the mitral valve 
alone, two had clefts in the mitral and tricuspid valves, and two 
had no clefts. 

The median preoperative cardiothoracic ratio was .55 (range, .48 
to .68). The electrocardiograms in all patients demonstrated an 
rSr’ complex in V, and an associated left (93% of the patients) or 
northwest (7% of the patients) frontal plane axis. Of the 40 pa- 
tients with clefts in the mitral valve, hypertrophy of the right 
ventricle was present in 13 patients (82%) and hypertrophy of the 
left ventricle was present in four (10%). The characteristic “goose- 
neck” deformity of the left ventricular outflow tract was con- 
sistently found when an injection in the left ventricle was 
performed in the anteroposterior view (33 patients). Cineangi- 
ography demonstrated mild to moderate mitral insufficiency in all 
but seven patients, five of whom had a cleft anterior leaflet of the 
mitral valve. In general, the left-to-right shunt through the atrial 
septal defect was large (mean Q,/Q, of 2.8), but pulmonary 
hypertension (average mean, 19 mm Hg) and increased pulmonary 
arteriolar resistance (mean R,/R,) were unusual (Table 1). The 
associated anomalies were uncommon and diverse. For the 
patients with partial atrioventricular canal defects, these 
anomalies consisted of the following: (1) patient ductus arteriosus 
and postductal coarctation of the aorta; (2) congenital aortic 
insufficiency; (3) retroesophageal right subclavian artery; (4) sinus 
venosus atrial septal defect; (5) left superior vena cava to coronary 
sinus; (6) situs inversus with right superior vena cava draining to 
coronary sinus; (7) anomalous pulmonary venous drainage of left 
uper lobe to left superior vena cava to coronary sinus; and (8) 
Wolff-Parkinson-White syndrome. For the patients with complete 
atrioventricular canal defects, the anomalies were a left superior 
vena cava to coronary sinus and infundibular pulmonic stenosis. 


Complete Atrioventricular Canal Defect 


Operative repair of complete defects of the atrioventricular ca- 
nal was accomplished in eight male and nine female patients at a 
median age of 4% years (range, 20 months to 10 years) and a me- 
dian weight of 16 kg (35.2 lb) in a range between 9 kg (19.8 lb) and 
26 kg (57.3 lb). Seven of these 17 patients had Down Syndrome. 
More than half (53%) were treated preoperatively with digoxin for 
congestive heart failure. Two patients had previously undergone a 
pulmonary artery banding procedure. The median preoperative 
cardiothoracic ratio was .58 (range, .50 to .67). An rSr’ complex in 
V, and either left axis deviation (88% of the patients) or northwest 
axis deviation (12% of the patients) were invariably present, as 
determined by the results of the ECGs. Definite hypertrophy of 
the right ventricle was common (71% of the patients); biventricu- 
lar hypertrophy (12% of the patients) and enlargement of the left 
atrium (12% of the patients) were occasional findings. A gooseneck 
configuration of the left ventricular outflow tract was demon- 
strated in all subjects, and all had varying degrees of mitral re- 


“gurgitation. The interventricular communication was identified 


by ventriculography of the left ventricle. In two cineangiograms, 
the shunt was noted to be from the left ventricle to the right 
atrium. With the exception of two patients who had previously un- 
dergone pulmonary artery banding procedures, the left-to-right 
shunt was large (mean Q,/Q, of 2.9), pulmonary hypertension was 
common (average mean, 52 mm Hg), and the pulmonary arteriolar 
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Table 1.—Hemodynamics 


Partial Atrio- Complete Atrio- 
ventricular ventricular 
Canal Defect Canal Defect 




















Mean Range Mean Range 

Q,/Qs 2.8 1.2-6.5 2.9 1.2-7.0 

Rp/ Rs .08 .01-.40 33 .06-.81 
Pulmonary artery 

pressure, mnt Hg 19 10-85 52 17-80 





resistance was moderately increased (mean R,/R, of .33) (Table 
1). Associated anomalies were not common. 


Surgical Technique 


Incomplete Atrioventricular Canal Defect-The usual approach 
was by a median sternotomy. The technique of cardiopulmonary 
bypass included moderate hemodilution (hematocrit value, 30%), a 
normothermic perfusate (37 C), no aortic occlusion, and a vent in 
the apex of the left ventricle. Through an atriotomy on the right, 
the cleft in the anterior leaflet of the mitral valve was sutured 
with fine silk to obtain proper coaptation from the free edge to the 
point of attachment to the ventricular septum. The atria. septal 
defect was closed with a prosthetic patch (36 were of Tefion felt 
and five were of Dacron velour) or pericardium (in one patient), 
using horizontal mattress sutures along the ventricular septum 
and continuous sutures around the atrial margin of the defect. Su- 
tures were placed superficially in the region of the atrioventricu- 
lar node. 

In one patient, the anterior leaflet of the mitral valve was en- 
larged by suturing a pericardial patch into the cleft of the leaflet. 
A cleft in the septal leaflet of the tricuspid valve was sutured in 
two patients. 

An alternate approach through an anterolateral incision on the 
right in the fourth intercostal space has also been used. Air has 
then been evacuated through the atrial septal defect prior to its 
complete closure, and its removal has been further ensured by 
continuous aspiration through a needle in the ascending aorta. 

Complete Atrioventricular Canal Defects.-The incision was al- 
ways a median sternotomy. The technique of cardiopulmonary by- 
pass was similar to that for repair of the incomplete atrioventric- 
ular canal except that the heart was quieted by short periods (ten 
minutes) of aortic cross-clamping at 32 C. Prior to 1968, the mitral 
portions of the anterior and posterior leaflets were approximated, 
and the interventricular communication was either obliterated by 
suturing the reconstructed mitral and tricuspid leaflets to the 
crest of the muscular septum with interrupted mattress sutures or 
closed with a prosthetic patch to which the leaflets were attached. 
The interatrial defect was closed with a prosthetic patch. 

In the last ten patients who have undergone an operation for 
complete atrioventricular canal defects, the operative technique 
has varied with the anatomic type as described by Rastelli et al.’ 
In the type of defect characterized by an anterior leaflet divided 
into mitral and tricuspid portions that were attached to the ven- 
tricular septum (type A), the mitral portions of the anterior and 
posterior leaflets were approximated with fine silk sutures. The 
prosthesis (Teflon felt or Dacron velour) was sewn to the ventricu- 
lar septum, and then the atrial-most edge of the anterior mitral 
leaflet was attached to the patch with interrupted horizontal mat- 
tress sutures. If no interventricular communication existed be- 
neath the posterior common leaflet, the patch was sewn over leafy 
let tissue. When the posterior common leaflet was not attached to 
the septum, it was incised, and the patch was sutured with shallow 
bites to the crest of the septum. The medial edges of the recon- 
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Table 2.—Hemodynamic Comparison 


Case 1 


Preoperative Postoperative 
Rp/ Rs 22 14 
Q;/Q; x. Ff 1.5 


Pulmonary artery 
pressure, mm Hg 55 35 


Mitral insufficiency +1/+4 +1/+4 


* No value was obtained. 


structed mitral and tricuspid leaflets were then sutured to the 
prosthesis. In the type of defect characterized by an undivided 
and unattached anterior common leaflet (type C), the leaflet was 
incised anteriorly from the cleft to the end of the ventricular de- 
fect in order to allow suture of the patch to the ventricular sep- 
tum. The medial edges of both mitral and tricuspid leaflets were 
then sewn to the patch. We have recently buttressed sutures with 
Teflon felt. 


RESULTS 
Partial Atrioventricular Canal Defect 


Mortality.—Three patients did not survive the immedi- 
ate postoperative period (7.1%). Death occurred because of 
residual mitral insufficiency, endomyocardial fibroelasto- 
sis of both ventricles, or severe pulmonary vascular dis- 
ease. 

Morbidity.—One surviving patient demonstrated a tem- 
porary third-degree atrioventricular block with a junc- 
tional pacemaker producing a normal ventricular rate. 
Normal sinus rhythm returned within one month. Four 
children were treated for transient congestive heart fail- 
ure. 

Reoperations.—A residual or recurrent interatrial com- 
munication (3 patients), hemolytic anemia (one patient), 
and residual mitral insufficiency (one patient) necessi- 
tated second operations. The residual atrial defect was al- 
ways located anteriorly near the anulus of the aortic valve 
and not near the atrioventricular node. In the one patient 
with hemolysis, there was a regurgitant jet through a su- 
ture hole in the sinus of Valsalva onto the Teflon patch 
that was not covered with endothelium at the site of this 
jet. Neither the aortic insufficiency nor a small recurrent 
interatrial communication was important hemodynam- 
ically, but the hemolysis required repeated transfusions 
over a period of 18 months. One child initially underwent 
closure of an ostium primum defect when a cleft in the mi- 
tral leaflet was not approximated. Mitral insufficiency led 
to reoperation three years later. Nine years later, a Beall 
valve was inserted in the mitral position, and a fourth op- 
. eration was necessary within one month beause of a peri- 
prosthetic leak. 

Late Evaluation.—Evaluations have been conducted 
regularly following operation. A clinical assessment of all 
but four patients has been made within the last 18 
months. Three of these four patients have been contacted 
by° questionnaire so that information was available for 
97% of the subjects. The median interval after surgery has 
$ been 3% years (range, 1 month to 10 years). 
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Preoperative 
.50 .24 tj 
17 1.0 : 1.0 


+3/+4 


Case 2 Case 3 


Postoperative Preoperative Postoperative 


27 
+2/+4 





One month after operation, a patient known to have 
Wolff-Parkinson-White syndrome died when an atrial 
tachycardia progressed to ventricular fibrillation while 
treatment was being instituted. 

Thirty-three of the remaining 37 children (89%) have no 
symptoms, are growing normally, are receiving no cardiac 
medication, and have no arrhythmia. Three (8%) have mild 
exercise intolerance and remain on digoxin therapy. One 
has moderate aortic regurgitation resulting from postop- 
erative bacterial endocarditis; one underwent operation a 
second time for correction of a recurrent atrial septal de- 
fect and aortic insufficiency; one had four operations in- 
cluding the insertion of a prosthetic mitral valve. One of 
these three patients developed persistent atrioventricular 
block after discharge, and another developed an atrial 
bradycardia one month after operation. Neither patient 
has been symptomatic nor required a pacemaker. The 
mean postoperative cardiothoracic ratio has decreased to 
.50 (range, .45 to .64). Every patient has a grade 1 or 2/6 
pansystolic murmur at the apex. 


Complete Atrioventricular Canal Defect 


Mortality.—Six patients died in the early postoperative 
period (35%). Five of these subjects had a type A defect 
and one had a type C defect. Three deaths were associated 
with unusually severe pulmonary vascular disease that 
was confirmed at autopsy, one with a long cardiopul- 
monary bypass necessitated by an arterioplasty of the 
pulmonary artery that had been banded, one with an exci- 
sion of an infundibular pulmonic stenosis, and one death 
that was inexplicable. Two of these patients had also had 
postoperative atrioventricular blocks. 

Morbidity.—F ive surviving patients acquired a transient 
atrioventricular block that did not require a permanent 
pacemaker. Return to normal sinus rhythm occurred at 
two weeks, three weeks, six months, two years, and three 
years after the operation. One other patient had a perma- 
nent pacemaker installed. This functioned for two years 
and he then had a normal sinus rhythm. Moderately se- 
vere congestive heart failure has been common during the 
postoperative period (82%), but no one has required diuret- 
ics at home. Two patients did not require digoxin therapy 
either before or after operation. No patient has undergone 
a second operation. 

Late Evaluation.—Every patient has been assessed with- 
in the past 18 months. The median interval since oper- 
ation was four years and nine months (range, 4 months to 
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12 years). No late death has occurred. 

Eight of the 11 (78%) surviving patients have no symp- 
toms, no arrhythmia, require no cardiac medication, and 
have normal growth. Two patients (18%) are presently 
being treated with digoxin. One underwent operation only 
four months ago, and the other has persistent mild cardio- 
megaly and limitation of his physical activity. One subject 
developed atrioventricular block four months after sur- 
gery but no pacemaker has been necessary. The mean 
postoperative cardiothoracic ratio has decreased to .53 
(range, .48 to .65). Each patient has a grade 2 or 3/6 pan- 
systolic murmur maximal at the apex. 

Recatheterization.—The data presently available are il- 
lustrated in Table 2. 


COMMENT 
Partial Atrioventricular Canal Defect 


Amont the patients who have a partial atrioventricular 
canal defect, the major hemodynamic abnormality is in- 
creased pulmonary blood flow, and the uncomplicated op- 
erative correction results in a satisfactory clinical result.*° 
Mitral regurgitation is usually not severe, and closure of 
the cleft mitral valve probably does not contribute to the 
hemodynamic and clinical improvement after correction. 
Persistence of the apical pansystolic murmur has been a 
eoncern. Its origin may be mitral regurgitation or left 
ventricular outflow obstruction that is related to the re- 
paired mitral leaflet and the intrinsic deformity of the left 
ventricular outflow tract.° Anatomic studies indicate that 
the inflow (diaphragmatic) portion of the left ventricle 
and ventricular septum are short relative to the outflow 
length of the septum, and that there is also a deficiency in 
the subaortic portion of the ventricular septum. In the 
partial atrioventricular canal defect, the ventricular sur- 
face of a portion of the anterior mitral leaflet is fused 
with the crest of this deficient septum and often en- 
croaches on the left ventricular outflow tract.’ If the base 
of the leaflet is pulled closer to the ventricular septum, the 
left ventricular outflow tract could be further narrowed’ 
and result in subaortic stenosis. An abnormal outflow 
tract as explanation of the murmur gains further support 
from those studies in which mitral insufficiency was 
suspected postoperatively but rarely substantiated by 
ventriculography of the left ventricle and hemodynamic 
studies. The angiograms showed persistence of the charac- 
teristic gooseneck deformity of the medial border of the 
left ventricular outflow tract.’ Three of our patients un- 
derwent a repeat angiogram. There was no mitral regur- 
gitation in one, minimal in a second, and mild in a third. 
In each instance the gooseneck deformity persisted but no 
subaortie obstruction was measurable. Based on the avail- 
able information, it is probable that both mitral insuff- 
ciency and narrowing of the left ventricular outflow tract 
can result and can produce a systolic murmur. To date, 
neither has been hemodynamically relevant. Mitral ste- 
nosis has not been suspected clinically. Because of this ex- 
perience we will continue to close the cleft in the anterior 
leaflet of the mitral valve even in the absence of demon- 
strable mitral regurgitation before or after operation, and 
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anomalous chordae tendineae attached to the repaired 
valve? will be left intact. Subsequent evaluations will be 
necessary to determine if progressive mitral insufficiency 
or stenosis occurs. 

Generally, moderate to severe mitral regurgitation is 
tolerated,’ but there is a consensus that its presence in- 
creases the operative risk.*°° Two of four patients who 
were judged to have severe regurgitation underwent a 
successful operative repair without a prosthesis. One died 
after surgery with residual mitral insufficiency, and one 
subsequently underwent insertion of a prosthesis. This 
latter patient was symptomatic preoperatively and has 
not improved after insertion of the Beall valve. Rarely, a 
young patient with substantial mitral incompetence can- 
not be managed medically, and early surgical repair must 
be attempted. 

Correction using profound hypothermia and circulatory 
arrest!!! has recently been considered for young patients 
when medical management of congestive heart failure has 
been unsatisfactory or when catheterization indicates un- 
usually severe or progressive pulmonary hypertension. 
One patient has been successfully treated in this manner. 
A pulmonary banding procedure has never been per- 
formed. | 

Atrioventricular block did not noticeably contribute to 
mortality or morbidity as it occurred only twice, was not 
responsible for death, and was resolved without the use of 
a pacemaker in the surviving patient. 


Complete Atrioventricular Canal Defect 


Experience also confirms that the uncomplicated correc- 
tion of complete atrioventricular canal defects can result 
in satisfactory clinical improvement, but the operative 
mortality remains noticeably greater than for other 
anomalies. Prior to 1968, the principles of repair that we 
employed were similar to those described by Rastelli et al, 
and later their technique was adopted. Nevertheless, the 
operative mortality at the University of Pittsburgh from 
1963 through 1967 was 43% (three of seven patients died) 
and 33% from 1968 through 1974 (three of ten patients 
died). Using this technique of repair, no death has been 
ascribed to substantial residual mitral insufficiency alone, 
either due to an insufficient amount of valvular tissue for 
repair or due to dehisence of sutures. Pulmonary vascular 
disease and technical problems related to correcting an in- 
fundibular pulmonic stenosis and removing a pulmonary 
artery band have contributed to this high mortality. 

Nine (82%) of the 11 survivors are asymptomatic, have a 
lesser degree of cardiomegaly, are receiving no cardiac 
medication, and have no arrhythmia or other complica- 


tions. All have a persistent loud pansystolic apical mur- . 


mur. Although only three patients underwent a repeat 
catheterization, this murmur was not associated with sub- 
stantial mitral insufficiency, as assessed angiographically, 
nor was there a gradient across the left ventricular out- 
flow tract. Mitral stenosis has not been suspected postop- 
eratively. This experience and the absence of a death due 
to mitral insufficiency alone indicate that mild to moder- 
ate regurgitation is preferable to valvular replacement." 
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One patient who developed an atrioventricular block 
four months after operation has not required an artificial 
pacemaker. No deaths were related to surgically induced 
atrioventricular block. 

The youngest patient was 20 months of age at the time 
of operation and underwent correction under profound hy- 
pothermia and circulatory arrest. She survived and is clin- 
ically improved. At present, selected infants who require 


surgical intervention are being considered for correction 
using this technique as a result of recent reports of suc- 
cessful correction in very young infants." The alternative 
surgical approach (banding the pulmonary artery) is asso- 
ciated with a high surgical mortality,’® and a death in the 
present series was related to correction of the stenosis 
produced by a previous banding procedure. 
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Discussion 


JOHN L. OCHSNER, MD, New Orleans: Somewhat in contrast to 
the authors, we have found mitral insufficiency to be the major de- 
terrent to a successful operation. In order to produce a competent 
valve, we have followed three principles that I would like to share 
with you. | 

We think it is important to evaluate or determine the proper po- 
sition of the free-floating leaflet before a patient goes on extra- 
corporeal circulation. We palpate this in reference to the ostium 

‘primum defect and try to make a reference in our mind as to 
where this valve should be. : 

It is actually more common to find the floating leaflet in the su- 
perior position than in the middle or low-lying portion. In the ma- 
jority of our cases, we have found that the valve ought to float 
higher to the atrial septal defect than to the ventricular septal de- 
fect. 

We also believe that all of the sutures for the patch should be 
buffered or buttressed-with a Teflon felt to avoid the pulling out of 
the leaflet. 

In the immediate postoperative period, it is essential that one 
not allow the valve anulus to dilate because most of these patients 
do have some mitral insufficiency. If this anulus begins to dilate, it 
becomes worse and creates a vicious cycle. We try to keep the pa- 
tients dry in the early postoperative period and also judiciously 
use some catecholamines to keep tone in the myocardium. 

Dwicut C. McGoon, Rochester, Minn: As Dr Ochsner stated, the 
chief interest today in this area, at least in our opinion, relates to 
the status of the mitral valve and the presence of mitral regurgi- 
tation. This is a factor that may dictate when symptoms first ap- 
péar, and we have noted a tendency to see patients at earlier ages. 
If they first appear with failure in the early months, it is usually 
related to the presence of mitral regurgitation. This is a more dif- 
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ficult group to deal with and our recent mortality with partial de- 
fects of the atrioventricular canal has been slightly higher than it 
was some years ago. 

We have had a 4% incidence of reoperation for mitral regurgita- 
tion during the late postoperative period. It would be of interest to 
be able to detect at the conclusion of the initial repair those pa- 
tients who would require a second operation later on so that one 
could then resume bypass, open the left atrium, and replace the 
valve. One means of attempting this has been to perform intra- 
operative dye curves at the end of the repair. We have been doing 
this for two or three years, but to date we have had only one pa- 
tient who has come forward later on for reoperation. It is inter- 
esting that in the initial dye curve at the end of this patient’s first 
procedure, the concentration of dye in the left atrium was about 
one third of that in the aorta after injection in the left ventricle. 
That was the highest concentration of dye we had seen up to that 
point, and at his second operation, the dye curves were exactly the 
same as they were at the conclusion of the first procedure. Even 
though intraoperative dye curves are not necessarily quantitative, 
they may provide a qualitative estimate of the degree of mitral 
regurgitation. 

I would ask the authors whether or not they believe there has 
been an apparent improvement in their ten most recent oper- 
ations as compared with the earlier seven operations, in light of 
employing what is perhaps a better definition of both the anatomy 
and the surgical technique. 

JAMES V. MALoNnEy, MD, Los Angeles: We have also found the 
problem of persistent mitral incompetence to be a vexing one. In 
an effort to get at the question raised by Dr McGoon regarding de- 
termination at the time of initial operation as to the mechanism of 
mitral incompetence, we began an interesting procedure some 12 
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to 14 years ago at the suggestion of my associate, Dr Mulder. 

After suturing the mitral valve cleft, the atrial septal defect is 
closed with a patch, except for the top 2 em, which is left unsu- 
tured to the septum secundum. The patient is then taken off ex- 
tracorporeal circulation, a finger is inserted into the right atrium 
and through the patch defect into the left atrium, and the func- 
tion of the mitral valve is assessed. 

To eur astonishment, in several instances we found that prior to 
the repair the incompetence that existed at the cleft seemed to be 
transferred to the free edge of the mitral valve after the repair. 
This suggested to Dr Mulder that it was deficient leaflet tissue 
rather than a cleft as such that caused mitral incompetence. 

When one pulls the two segments of the septal leaflet of the mi- 
tral valve together, the free edge is shortened. If the leaflet tissue 
is deficient, incompetence will be created in a new position along 
the free edge of the valve. We have on at least one or two occa- 
sions gone back at a later time and done a standard annuloplasty 
to relieve this competence by reducing the size of the valve ring. 

Subsequent to that experience, we have in many of the cases 
(depending on our estimate of the circumstances at the time) 
elected to put a triangular-shaped piece of Dacron fabric into the 
cleft defect rather than suture it directly. I would like to be able to 
report that this has predictably eliminated the problem of mitral 
incompetence following the operation, but I regret to say that we 
continue to have a systolic murmur in most of the patients, and 
some patients occasionally must undergo reoperation and subse- 
quent annuloplasty or valve replacement. 

FRANK C. SPENCER, MD, New York: For the past two to three 
years we have used a technique of selectively inducing aortic in- 
sufficiency to evaluate competency of the mitral valve. A perfo- 
rated catheter is manipulated retrograde from a small opening in 
the aorta across the aortic valve so that proximal perforations lie 
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above the valve and distal ones lie below the valve in the ventricle. 
This creates some aortic insufficiency that will selectively balloon 
the leaflets of the mitral valve and float them up into a closed posi- 
tion. For some reason, this is far more effective than attempting 
to introduce fluid through a vent in the left ventricle. 

In at least two patients in whom we used this technique, the re- 
sidual jet of mitral insufficiency was centrally located where the 
cleft leaflets were not completely sutured and could be corrected 
with additional sutures. I am particularly intrigued with Dr Ma- 
loney’s observations that the insufficiency might arise elsewhere. 
The basic problem is a reliable technique to determine the source 
of insufficiency at operation, correcting it as much as possible but 
also not making it worse. Perhaps Dr Hardesty will have some an- 
swers next year. 

Dr Harpesty: I do not believe we have any argument with Dr 
Ochsner in that the degree of preoperative mitral insufficiency 
does have some relationship to postoperative mortality. His point 
is well taken. We have also been presently buttressing the leaflets 
that are sutured to the patch. 

As Dr McGoon’s question implies, we have hoped that mortality 
for the last ten patients would be less than that for our initial 
series because the mortality is high compared with what he has 
previously reported. However, the mortality for the last ten pa- 
tients was not lower. We have partially attributed this recent high 
mortality to the fact that we received patients who had previously 
undergone a pulmonary artery banding procedure. We also pres- 
ently receive patients who have associated anomalies. 

As Dr Maloney has suggested, we, too, have a single patient in 
the partial atrioventricular canal defect series whose cleft was 
patched; he is in the group that has survived and he is doing well 
postoperatively. 


Atrioventricular Canal Defect—Hardesty et al 
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Prosthetic Valve Replacement in Children 


Horace C. Stansel, Jr, MD; Dov B. Nudel, MD; Michael A. Berman, MD; Norman S. Talner, MD 


e Reported clinical experiences with prosthetic valve replace- 
ment in children have suggested a high operative mortality. We 
placed 25 valves in 24 children with one operative death. There 
has been one late death related to pacemaker malfunction, but 


-~ the remainder of the patients have generally done extremely 


well. The children have not undergone elective anticoagulation, 
and the long-term embolism rate has not exceeded the inci- 
dence of systemic embolization in adults who have been con- 
trolled on warfarin sodium (Coumadin) therapy. The objective of 
prosthetic valve replacement is myocardial preservation. We be- 
lieve that valve replacement with currently available prostheses 
should be undertaken in any child with valvular malfunction who 
is not well controlled with good medical management. 
(Arch Surg 110:1397-1400, 1975) 


he replacement of malfunctioning heart valves with 


prostheses in the adult population is widely accepted. 
- Many reports document the risks and complications of 


such a procedure in this age group.’° However, there are 
fewer reports regarding valve replacement in pediatric 
patients. This study relates our experience with pros- 
thetic valve replacement in children at the Yale-New 
Haven Medical Center from 1965 to 1975. We investigated 
the morbidity, mortality, and medical and surgical man- 
agement of these children. 


SUBJECTS AND METHODS 


Twenty-five prosthetic valves were inserted in 24 children at the 
Yale-New Haven Medical Center between 1965 and 1975. The age 
of the patients ranged from 1% to 18 years (mean, 14 years). The 
mitral valve was replaced in nine subjects and the aortic valve 
was replaced in 13. One patient had both the mitral and aortic 
valves replaced. 

At surgery, a bubble oxygenator primed with electrolyte solu- 
tion was used for all*patients. Moderate hypothermia (28 C [82.4 
F]) with aortic cross clamping that produced anoxic cardiac arrest 
was used in each ease. Coronary perfusion during aortic valve re- 
placement was not utilized. 


Mitral Valve Replacement 


Of the ten patients who underwent mitral valve replacement, 
seven were female and three were male. Six had congenital heart 
edefects and four had acquired lesions. The preoperative diagnosis 
for these ten patients was as follows: (1) five patients had endo- 


cardial cushion defects; (2) one patient had mitral stenosis; (3) 
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three patients had rheumatic heart disease; and (4) one patient 
had subacute bacterial endocarditis. 

Three patients with endocardial cushion defect had undergone 
four previous operations. In two of these subjects, an atrial septal 
defect (septum primum) was closed, and one patient underwent 
repair of a ventricular septal defect and closure of clefts in both 
atrioventricular valves. 

Nine of the ten patients were at least New York Heart Associa- 
tion (NYHA) class III. All ten valves replaced adult-size Starr-Ed- 
wards valves. None of the patients in this group initially received 
anticoagulation therapy. The one child with mitral prosthesis who 
suffered a mild cerebral embolus was placed on aspirin therapy. 

The ten valves placed in the mitral position were Starr-Ed- 
wards. 


Aortic Valve Replacement 


Fourteen patients received aortic valve replacements. The cause 
and nature of the cardiac lesions in the patients in this group were 
as follows: (1) congenital aortic stenosis (four patients, one of 
whom had subacute bacterial endocarditis); (2) ventricular septal 
defect and aortic insufficiency (four patients, one of whom had 
subacute bacterial endocarditis); (3) ventricular septal defect and 
aortic stenosis (one patient); (4) tetralogy of Fallot (two patients, 
one of whom had subacute bacterial endocarditis); (5) congenital 
aortic insufficiency (one patient); and (6) rheumatic heart disease 
(two patients). 

Ten of these 14 patients were males and four were females (one 
with double valve replacement). Twelve patients had congenital 
heart disease that was complicated in three patients by bacterial 
endocarditis, and two had rheumatic heart disease (one with 
double valve replacement). The 16 previous surgical procedures 
undertaken in this group and in the group that underwent mitral 
valve replacement were as follows: 


Procedure No. of Patients 


Aortic commissurotomy 

Repair of tetralogy of Fallot 

Subaortic membrane 

Insertion of Hufnagel cusp 

Patent ductus arteriosus ligation 
Ventricular septal defect closure 

Atrial septal defect closure (primum type) 
Valve plication 


One of the patients who underwent repair of the Fallot tetrad 
also had a subaortic membrane excised. 

Twelve of the patients in the group of 14 who underwent aortic 
valve replacement were at least functional NYHA class III. The 
15 prosthetic valves in the aorta were Starr-Edwards, (nine 
valves), porcine (four valves), and Bjork-Shiley (two valves). In 
one patient, the aortic valve was replaced twice within a four-year 
interval between the two operations. 

This patient exhibited only the minimal symptoms related te 
cardiovascular surgery, but the prosthetic valve was believed to be 
the origin of recurrent cerebral microemboli and was therefore re- 
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Fig 1.—Preoperative and postoperative functional status of pa- 
tients with mitral valve replacement (NYHA classification). 


placed. In four patients, a ventricular septal defect was closed at 
the time of valve replacement. Two patients in this group were 
treated with anticoagulants. Treatment started one week after 
surgery in one patient, and it began in another patient after he 
had sustained a cerebral embolus. 


RESULTS 
Operative Mortality 


The overall operative mortality was 4.3%. Complications 
consisted of one operative death in a patient undergoing 
aortic valve replacement, two complete heart blocks (one 
in a patient with endocardial cushion defect undergoing 
mitral valve replacement and the other in a patient under- 
going aortic valve replacement), and one late death that 
occurred 44 months after surgery. This late death was at- 
tributed to failure of a pacemaker. The death in the 18- 
year-old man undergoing aortic valve replacement was 
due to intractable ventricular fibrillation. He had under- 
gone previous aortic commissurotomy at the age of 10. No 
operative deaths occurred among the patients undergoing 
mitral valve replacement. 

Pacemakers were inserted in both of the patients who 
had complete heart blocks. Other complications that arose 
were as follows: 


Aortic Valve Mitral Valve 
Complication Replacement Replacement Total 

Tracheostomy 2 1 3 
Postpericardiotomy 

syndrome 1 1 2 
Wound infection 1 1 2 
Purulent pleural 

effusions 1 0 1 
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Fig 2.—Preoperative and postoperative functional status of pa- 
tients with aortic valve replacement (NYHA classification). 


Follow-up 


The follow-up period ranged from seven months to ten 
years (mean, 3% years). Noticeable clinical and functional 
improvement (Fig 1 through 3) was observed in all but 
two patients. Both were only moderately symptomatic 
prior to operation. 


Late Deaths 


As previously mentioned, one patient with mitral valve 
replacement died 44 months after surgery due to pace- 
maker failure. No late deaths have occurred among the pa- 
tients with aortic valve replacement. 


Thromboembolism 


One patient with mitral valve replacement suffered a 
cerebral embolus nine months after surgery with mild re- 
sidual hemiparesis. In the group that received aortic valve 
replacement, two patients sustained cerebral emboli. In 
one subject, the prosthesis had to be replaced four years 
after surgery. However, this patient had been receiving 
anticoagulation therapy before the cerebral embolus oc- 
curred. The other patient sustained a mild hemiparesis 
two years after surgery. The calculated incidence of. 
thromboembolic phenomena is one per 35.7 years of pa- 
tient follow-up for the group with mitral valve replace- 
ment, and two per 42.6 years of patient follow-up for the 
group with aortic valve replacement. 


Hemolysis ° 


One patient in each group had low-grade hemolysis that 
was treated successfully with iron. No patients had major 
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Fig 3.—Typical course of endocardial cushion defects following 
closure of atrial communication with residual mitral valve insuffi- 
ciency. Second roentgenogram from left reveals cardiomegaly 


bleeding or required transfusion. 
Bacterial Endocarditis 


No patient in this series had bacterial endocarditis after 
valve replacement. 


COMMENT 


Prosthetic valve replacement in children suffers, as it 
does in the adult population, for the lack of an ideal pros- 
thesis. Complications, such as systemic emboli,*:° bacterial 
endocarditis,” hemolysis, and prosthetic failure,®* limit 
the usefulness of this clinical tool. In certain congenital 
heart malformations, such as aortic valve canal and aortic 
stenosis, the only method of satisfactory hemodynamic re- 
pair currently involves the use of a prosthetic valve. It is 
therefore imperative to know the fate of prostheses and 
their inherent risks in children. 

Previous studies in pediatric patients have reported 
mortality as being between 14% and 25%.*° This mortality 
is strikingly higher than it is in adults.’~* It is unlikely 
that this mortality relates to the inexperience of the oper- 
ative team, since most cardiosurgical groups that operate 
on children have extensive experience of valve replace- 
ment in adults. Therefore, case selection and timing of op- 
erative intervention must play a vital role in these statis- 
tics.» 

Since preservation of the myocardium is one of the 
goals of valve replacement, early intervention in sympto- 
matic children is necessary. In the present series, all but 
three children were at least class III and six were class IV. 
However, medical management was measured in terms of 
months from the onset of symptoms rather than in years, 
as is often done with adults. The one operative death in 
the present series was a result of intractable ventricular 
arrhythmias. An aortic commissurotomy had been per- 
formed eight years previously, but the patient had been 
lost to medical follow-up for three years. When seen again 
at the age of 18, severe ischemia of the left ventricle was 
present, as shown by the results of his electrocardiogram. 
Closer observation would have resulted in earlier surgical 
intervention. 

The low incidence of thromboembolic phenomena in this 
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and pulmonary plethora consistent with severe mitral insuffi- 
ciency. Third and fourth roentgenograms from left reveal the 
patient at one and eight years after valve replacement. 


series (2.8 per 100 years of patient follow-up for mitral 
valve replacement, and 4.7 per 100 years of patient follow- 
up for aortic valve replacement) compares favorably to 
the recently published data of Bonchek and Starr.' In con- 
trast to the Bonchek and Starr series, it should be noted 
that none of our patients were treated with anti- 
coagulation therapy with the exception of one of the two 
patients with an aortic prosthesis who subsequently had 


an embolus. He had undergone surgery in 1965 and had an - 


early Starr-Edwards valve that was not cloth-covered. In 
spite of anticoagulation therapy, he had a cerebral em- 
bolus four years after his first valve replacement. He sub- 
sequently underwent another valve replacement because 
of recurrent embolization in spite of long-term anti- 
coagulation therapy. 

One of the most dreaded complications of prosthetic 
valve insertion is bacterial endocarditis. Various series 
have placed the incidence of infection following valve re- 
placement as being between 3% to 6%.°* All patients in 
the present series were treated with antibiotics for 90 
days after surgery. In addition, all were carefully in- 
structed with respect to antibiotic prophylaxis during den- 
tal and surgical procedures. 

As can be seen in Fig 1 and 2, all children improved 
symptomatically. However, future postoperative he- 
modynamic evaluation must be undertaken on these pa- 
tients so as to assess their repairs. This is especially true 
in those patients with aortic stenosis, since frequently the 
aortic anulus is the limiting factor in the adequacy of a 
valvotomy and it may preclude the use of a Starr-Edwards 
or similar prosthesis. More patients operated on at 
younger ages will receive a porcine or similar prosthesis. 
It remains to be seen whether the tissue valves will de- 
generate with the passage of time. 

The data presented show that aortic and mitral valve 
replacement can be done in children with a low operative 


mortality and morbidity. The incidence of thromboembolic ` 


phenomena and the occurrence of bacterial endocarditis 
can also be minimal. We believe that valve replacement 
should be considered in those children who have substan- 
tial valvular malfunction in spite of adequate medical 
therapy. 
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Discussion 


Dowa.p M. Bituic, MD, Philadelphia: I am somewhat surprised 
that none of the patients with degenerative changes in the as- 
cending aorta and a bicuspid valve had coarctation of the aorta, 
since degenerative changes in other areas of the vessels are com- 
mon in this type of patient. We have now made repairs in four 


such patients who had undergone prior repair of coarctation and 


who developed these changes in the ascending aorta in the pedi- 
atric stage. The degenerative changes in the media of patients 
with coarctation are the cause for sudden death from rupture or 
dissection in some instances, even when the coarctation has been 
repaired. 

CHARLES R. HATCHER, MD, Atlanta: We have been very con- 
cerned about children who have aortic stenosis when the problem 
is in atresia of the ring itself rather than in fusion of the leaflets. 
One would like to insert a prosthesis, but the anulus is not of suffi- 
cient size to permit a prosthesis that would be worthwhile for any 


_length of time. One would also be faced with periodic replacement 


that might be very difficult. 

Based on the comments of the Japanese, we have avoided this 
problem in two of our patients. We replaced the aortic valve by 
making a longitudinal incision in the aorta down between the 
right and left coronary arteries toward the pulmonary artery. We 
combined this with an oblique incision into the right ventricle so 
as to approach the end of the aortotomy, and then we made an in- 
cision in the septum that could be visualized from the aorta and 
from the right ventricle. 

By creating a ventricular septal defect, the entire outflow tract 
of the left ventricle opens to a desirable size, and an adult pros- 
thesis can then be inserted without any problems. We use a patch 
to close the ventricular defect, suture the patch to the sewing ring 
of the valve, and complete the aortotomy, using a separate tri- 
angular patch to close the outflow tract of the right ventricle. 

I recommend this as a very worthwhile technique that permits 
insertion of a large prosthetic valve in an infant when required. 
We have not encountered any particular problems with the tradi- 
tional prostheses in children who are not placed on anticoagulant 
therapy. Our experience with valves in general has resulted in an 
enthusiasm for porcine valves, and I myself would prefer such for 
any child or young adult. Thromboembolism is a catastrophic 
event, and I would rather be faced with potential future replace- 
ment of a porcine valve and avoid the threat of thromboembolism. 

CLARENCE S. WELDON, MD, St. Louis: I always take a very deep 
breath before inserting a prosthetic valve in a child, and I always 
try to do everything in order to avoid doing so. I would like to 
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make a comment about repairing incomplete canals. I believe that 
one thing that was not previously mentioned was the extreme im- 
portance of unrolling the cleft in the mitral valve. Tissue is gained 
in the leaflet if it is unrolled and sutures are therefore inserted in 
the free margin of the cleft rather than where it rolls under. In- 
sufficiency can be created if the cleft is not unrolled. 

I do not believe that many valves must be replaced for aortic in- 
sufficiency and ventricular septal defect. There were some pa- 
tients in this series who had both. However, we have put a lot of 
prosthetic valves in children. We have also had some children who 
have had thromboembolic complications. I agree with Dr Hatcher 
in that, at the present time, our preference would be to use a xeno- 
graft (porcine) valve rather than to insert a prosthesis. 

I still believe that one should do everything he can in order to 
avoid placing a valve in a child, including annuloplasty work in the 
mitral valve and repair of aortic and mitral valves that are con- 
genitally diseased. 

Dr STANSEL: I agree that no one looks forward to putting valves 
in children. We are all aware of the problems they generally pre- 
sent. Hopefully, many of these children can look forward to a long 
life. 

The valve that we have certainly had the most experience with, 
as most of us here have, has been the Starr-Edwards, and we have 
been enthusiastic about using it whenever possible. However, the 
problem with many of the children, especially in the aortic area, is 
that part of the disease of aortic stenosis is hypoplasia of the aor- 
tic anulus, and if one inserts a prosthesis of the Starr-Edwards 
type that will fit in the anulus, aortic stenosis is created. 

The high flow or the large orifice that one can obtain with the 
porcine valve makes it the valve of choice, at least in smaller chil- 
dren. I do not believe that the porcine valve is going to last for 50 
years, and I doubt that many of us do. When inserting these 
valves, one must be prepared to anticipate its future replacement. 

However, we have to live one day at a time, so this is a small 
price to pay. With regard to coarctation, we have had few patients 
who had valve replacement after coarctation repair, but most of 
these patients have long been past the pediatric age, so they were 
not included in this study. 

I agree that valve replacement in children is generally to be 
avoided whenever possible. However, if one is faced with a patient 
who is late class III or class IV cardiac in spite of good medigal 
management, that is the time at which to change the valve, rather 
than when the child becomes moribund. 
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Aortic Insufficiency Secondary to 


Aortic Root Aneurysm or Dissection 


Hassan Najafi, MD; William S. Dye, MD; Hushang Javid, MD; 


James A. Hunter, MD; Marshall D. Goldin, MD; Cyrus Serry, MD 


e Twenty-four patients with aortic regurgitation secondary to 
aortic root aneurysm (13 patients) or dissection (11 patients) 
were operated on, utilizing a variety of surgical procedures to 
cope with the varied pathological findings. These ranged from 
primary repair of the ascending aorta without any prostheses in 
patients with acute aortic dissection to replacement of the valve 
and the entire ascending aorta for aortic root aneurysm. In four 
patients with Marfan syndrome the right coronary artery was 
transplanted to the ascending aortic graft, allowing an extension 
of the graft to the valve anulus and excision of the entire aneu- 
rysmal aorta. The immediate and late results have been most en- 
couraging. 

(Arch Surg 110:1401-1407, 1975) 


E V insufficiency is a serious complication of 
aortic dissection, and by virtue of its strain on the 
left ventricle, it also constitutes the most common clinical 
manifestation of aortic root aneurysm. This report sum- 
marizes our surgical experience in the past eight years 
with 24 patients having aortic valve incompetence second- 
ary to aortic root abnormalities consisting of intact aneu- 
rysm, dissection, and, in a few instances, a combination of 
both lesions. The review of the two groups, one with aneu- 
rysm and one with dissection, provides an opportunity to 
elaborate on the differences in clinical manifestations, 
mechanisms of valve incompetence, pathological features, 
and, in particular, surgical management. 
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SUBJECTS AND METHODS 


The 24 patients under consideration were mostly men from 22 
to 71 years of age. 

Thirteen patients had aortic root aneurysm. The lesions were 
cystic medionecrotic in seven patients, arteriosclerotic in two, and 
part of Marfan syndrome in four. In 12 patients the abnormality 
was confined to the ascending aorta. In one patient the aneurysm 
extended to the proximal part of the transverse aortic arch, neces- 
sitating reconstruction of both the entire ascending aorta and the 
innominate artery. Of interest in this group were four patients in 
whom the aneurysm was not apparent on a chest roentgenogram 
and was discovered either during aortic root injection of contrast 
medium for assessment of aortic insufficiency, or during surgery. 
There were no symptoms directly related to the aneurysm. All pa- 
tients were referred to other physicians because of cardiac decom- 
pensation. 

The typical operative findings were dilated valve anulus with 
three apparently normal aortic cusps forming a triangular central 
defect. Valve replacement was carried out in every instance with 
use of either a Starr-Edwards or Bjork-Shiley prosthesis. Surgical 
management of the aneurysm consisted of tangential resection in 
three patients and resection with tube graft replacement of the 
ascending aorta in ten. In the first six of these patients the proxi- 
mal aortic anastomosis was made immediately superior to the cor- 
onary orifices. In the last four patients (two with Marfan syn- 
drome) the right coronary artery, which seemed to be greatly 
displaced superiorly, was transplanted to the ascending aortic 
graft either directly (one) or with saphenous vein interposition 
(three). This permitted resection of aneurysmal sinuses of Val- 
salva and extension of the graft to the valve anulus, except in the 
region of the left coronary orifice." 

There have been three deaths in this group. One patient devel- 
oped a sternal wound infection, which led to massive bleeding, 
presumably from a disrupted aortic suture line. He died five 
weeks after surgery, and postmortem examination was not ob- 
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(using Bjork-Shiley prosthesis) of a 38-year-old man with Marfan 
aortic graft, using autogenous Saphenous vein. 


tained. Another patient died three months after surgery when re- 
operation for a large mycotic aneurysm of the distal aortic anasto- 
mosis proved unsuccessful. A third patient, whose operation and 
postoperative course were extremely satisfying, died suddenly 2% 
years after surgery. The cause of death remains obscure. He was 
last seen two years after the operation, was asymptomatic, and 
had a perfectly functioning Bjork-Shiley aortic prosthesis; heart 
size was normal on a chest roentgenogram. Ten patients remain 
alive and well four months to eight years following surgery. A 
typical example of postoperative chest x-ray films in this group is 
shown in Fig 1. One asymptomatic patient with Marfan syn- 
drome, operated on four years ago, has developed moderately se- 
vere aortic insufficiency secondary to perivalvular dehiscence. She 
is under consideration for reoperation. 

Eleven patients had aortic insufficiency secondary to aortic dis- 
section. These patients were generally younger than those in the 
previous group. Two patients had chronic dissection with aneu- 
rysmal dilation of the false channel in the region of the ascending 
aorta. In these the aortic valve and ascending aorta were replaced, 
using appropriate prostheses. 

Nine patients suffered aortic insufficiency and intractable left 
ventricular failure several hours to several days following the on- 
set of dissection. In two patients the dissection had initiated im- 
mediately distal to the left subclavian artery and extended in a 
retrograde fashion to the aortic valve, causing regurgitation. In 
spite of good-quality aortograms, erroneous diagnosis of anterior 
dissection was made, and the patients were operated on via ster- 
notomy. A mistake in judging the location of the tear was dis- 
covered when, on total bypass and with the ascending aorta 
clamped distally, the false channel was entered, and no blood es- 
caped, indicating no tear or communication with the true lumen in 
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Fig 1.—Posteroanterior and lateral roentgenographic views of the chest two years after replacement of ascending aorta and acrtic valve 
syndrome. Right coronary artery was also transplanted to ascending 


the isolated proximal section of the aorta. In the first patient the 
entire arch, including the brachiocephalic arteries, was dissected 
and satisfactory reconstruction of the aortic arch was carried out. 
This patient initially did well, but died suddenly three days later 
with recurrence of dissection and hemopericardium. In the second 
patient the abnormality was insurmountable, and effective recon- 
struction was not feasible. 

Seven patients had anterior dissection with the intimal tear im- 
mediately superior to the aortic valve. The common clinical fea- 
ture in this group was excruciating chest or intrascapular pain. 
None had been known to have a heart murmur. All were examined 
within several hours of the onset of pain. Signs of aortic insuff- 
ciency appeared shortly thereafter. This was followed by intrac- 
table congestive heart failure. The electrocardiogram did not show 
myocardial infarction in any of the patients. 

The specific clinical features consisted of hypertension in three 
patients, acute iliac artery occlusion in two, electrocardiographic 
evidence of myocardial ischemia in two, and signs of pericardial 
tamponade in two. Diagnosis of dissection causing aortic insuffi- 
ciency was made on clinical grounds in all seven patients. Five pa- 
tients had a retrograde aortogram preoperatively. In four it 
showed the dissecting process and confirmed the aortic insuffi- 
ciency. In one, two separate injections of contrast medium in the 
aortic root failed to show the dissection. Emergency operation in 
this patient was carried out on the basis of the clinical diagnosis 
and intractable left ventricular failure. In three patients the dis- 
secting process began in the aortic root and terminated in the left 
iliac artery. In two the dissection was confined to the ascending 
aorta, and in the remaining two the distal extension cf the dis- 
section remained obscure. The operations were performed within 
several hours to several days from the onset of dissection. 
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Because of extremely poor cardiac performance in three pa- 
tients partial bypass through the common femoral vessels was ini- 
tiated under local anesthesia before the heart was exposed. The 
surgical repair consisted of transection of the ascending aorta and 
obliteration of the false lumen by suture approximation of the dis- 
sected layers, both proximally and distally, followed by either pri- 
mary anastomosis (four patients) or graft replacement of the as- 
cending aorta (three patients) (Fig 2).’ 


RESULTS 


The operative findings in these patients consisted of a 
nearly normal caliber ascending aorta and a sizeable inti- 
mal tear superior to the aortic valve with near circum- 
ferential dissection. The dissection extended to the valve 
anulus in every patient. In two the right coronary artery 
was dissected, although it was still in continuity with its 
orifice. In one of them a dissecting hematoma was present 
in the atrio-ventricular groove, extending to the diaphrag- 





Fig 2.—Intimal tear with downward displacement of aortic cusps 
(A), circumferential dissection (B), repair of dissected layers (C), 
and graft replacement (D), or primary anastomosis of divided as- 
cending aorta (E). 


Fig 3.—Seven-year postoperative aortogram in patient with aortic 
arch dissection who underwent resection and graft replacement 
of ascending aorta, restoring aortic valve competence. Graft is 
satisfactory and dissection, except for some enlargement of false 
channel immediately superior to distal anastomosis, has re- 
mained stable. 
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matic aspect of the heart. The aortic anulus was of normal 
size in every patient. The aortic insufficiency had been 
caused by downward displacement of normal aortic cusps 
into the left ventricle. Aortic valve competence was re- 
stored through elevation of the prolapsed cusps of their 
normal position by reapproximating the dissected layers 
(Fig 2).2° In three patients, due to the poor quality of the 
adventitia, the ascending aorta was replaced with a 
woven Dacron tube graft. The postoperative course was 
uneventful in six patients. One patient developed severe 
hypertension, which was vigorously treated for fear of re- 
currence of dissection. The seven survivors have main- 
tained normal aortic valve function during the follow-up 
period of six months to eight years. Three patients have 
had a postoperative aortogram. In only one the aorto- 
gram, seven years after surgery, shows definite enlarge- 
ment of the false channel distal to the ascending aortic 
graft (Fig 3). 
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COMMENT 


Aortic root aneurysm usually results in the death of the 
patient unless treated surgically. Death is invariably due 
to rupture or congestive heart failure secondary to aortic 
regurgitation. In evaluating the cause of the aneurysm, 
three entities, mainly cystic medionecrosis, syphilis, and 
arteriosclerosis, have been encountered. Cystic medio- 
necrosis, the most common cause of aortic root aneurysm, 
is a degenerative noninflammatory process involving most 
commonly the ascending aorta. The aneurysm, usually 
fusiform, develops as a consequence of focal degeneration 
of the elastic matrix of the media. As in four patients in 
this series some of these aneurysms are the result of an 
inherited defect as seen in Marfan syndrome, and others 
are the result of what seems to be an acquired process 
termed “idiopathic cystic medionecrosis.” Second to rup- 
ture, the most important associated hemodynamic abnor- 
mality is aortic regurgitation. Consequently, aortic insuf- 
ficiency has been the most common clinical manifestation 
leading to the diagnosis of aortic root aneurysm. Bahnson 
and Nelson‘ pioneered the surgery of medionecrotic aneu- 
rysm of the proximal part of the aorta in 1956. At that 


_ time the emphasis was on the aneurysm rather than aortic 
insufficiency. The management of the aneurysm has pro- 
-gressed from early conservative wrapping, or aneurys- 


morrhaphy, to radical replacement of the entire ascending 
aorta with a prosthetic graft.°. 
As the importance of aortic insufficiency in these pa- 


tients became evident, a variety of surgical procedures 


ranging from bicuspidization to total prosthetic valve re- 
placement have developed. The first successful replace- 
ment of the aortic valve and of the entire ascending aorta 
was reported in May 1964. Since then many impressive 
successful series have appeared in the literature.*” 
Surgical treatment of cystic medionecrotic aortic root 
aneurysm has been a challenge for a number of reasons. 


_ Invariably, the aorta is of poor quality, and bleeding has 
_ been a serious complication and an occasional cause of 


death. The bleeding tendency is further compounded if 
the pump run is prolonged and multiple units of homolo- 


_ gous blood are utilized. Of the 13 patients under consid- 
=~ eration, five required reoperation for evacuation of clots 


and restoration of hemostasis. Reoperation is of special 
concern in these patients because of its probable contribu- 
tion to the development of infection. Indeed, the two early 
deaths in this series (one and three months after surgery) 
were caused by suture line disruption secondary to infec- 
tion. Both patients were reoperated on for bleeding. This 


_ occurred in spite of a five-day course of prophylactic 
broad-spectrum antibiotic therapy starting the night be- 


fore surgery. 
Furthermore, unless the proximal anastomosis is made 


‘very close to the valve anulus, a portion of the aneurysm, 


namely, the dilated sinuses of Valsalva, are left in place 
and can subsequently rupture. To overcome this problem, 
in four most recent patients in whom the right and non- 
coronary sinuses of Valsalva were considerably aneu- 
rysmal, the right coronary artery was transplanted to the 
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ascending aortic graft allowing almost total resection of 
the aneurysm. In one patient the artery, bearing a small 
rim of aorta, was directly sutured to the graft, and in 
three a short segment of autogenous saphenous vein was 
used to revascularize the right coronary artery.: The most 
extensive operation in this series consisted of replacement 
of the aortic valve, tube graft replacement of the ascend- 
ing aorta, and two vein bypasses to the anterior descend- 
ing and the right coronary arteries for concomitant coro- 
nary arterial occlusive disease. 

Acute dissection of the aortic arch is an extremely lethal 
event. Severe aortic insufficiency caused by retrograde ex- 
tension of dissection is a major cause of death in these pa- 
tients. More than 70% of the patients in this particular 
group die as a result of pericardial rupture and cardiac 
tamponade. Fortunately, the majority live long enough 
for the diagnosis to be established and therapy instituted. 
The improvement in the accuracy of diagnosis has been 
stimulated in part by the greater awareness of this entity 
and by the increasing number of successful operative re- 
sults reported in the literature.2:*:13-» 

Retrograde aortography is essential when aortic dis- 
section is suspected. When the clinical diagnosis is certain, 
however, and the patient’s life is threatened by massive 
and intractable congestive heart failure, immediate surgi- 
cal treatment becomes essential. Two patients in this 
series would have died if the operation had been delayed 
because of angiography. These two terminal patients in 
profound congestive heart failure were admitted to the 
operating room on their arrival at the hospital, and cardio- 
pulmonary bypass was instituted within one hour. In 
these patients not only was the diagnosis certain, but also 
the extent of dissection was obvious. Both patients devel- 
oped acute aortic insufficiency shortly after the onset of 
unremitting chest pain, followed by abrupt unilateral iliac 
occlusion. In general, because of the tendency of the con- 
dition to progress rapidly toward death, surgical treat- 
ment should be applied as soon as possible. If the indica- 
tion for operation is congestive heart failure caused by 
severe aortic insufficiency, it is not essential to insist on 
delineating the type of dissection since the operative ap- 
proach and the technique utilized are not dependent on 
precise determination of the extent of the process. The ex- 
ception is when posterior dissection extends retrograde 
into the aortic root, causing valve incompetence. Under 
these circumstances the abnormality is insurmountable, 
and the surgical salvage probably unachievable. Unfortu- 
nately, even with a good-quality aortogram the precise 
diagnosis has been unattainable. 


REPORT OF A CASE 


An interesting patient in this series is a 35-year-old woman 
with typical stigmas of Marfan syndrome who initially had an ex- 
tremely large and painful infrarenal abdominal aortic aneurysm. 
The diagnosis of posterior dissection was made by aortography, 
but due to fear of rupture of the terminal aorta, an infrarenal bi- 
furcation graft was inserted uneventfully. She returned thred 
months later with chest pain and considerable enlargement of the 
false channel in the proximal part of the descending aorta. At this 
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time, resection and graft replacement of nearly the entire de- 
scending aorta was carried out. She returned two months later 
with massive aortic insufficiency and transient right eye blind- 
ness. Anterior dissection, extending into the right common carotid 
artery, was confirmed by aortography. Primary repair of the 
proximal part of the dissected ascending aorta, as shown in Fig 2, 
was carried out, restoring aortic valve competence. It is now one 
year after the third procedure and she remains asymptomatic 
with no evidence of recurrent dissection, aneurysm, or aortic in- 
sufficiency. The method of repair described is particularly appli- 
cable in the early stage of dissection when there is minimal ana- 
tomic disruption and distortion of the aorta at the site of the 
intimal tear. The procedure is designed to restore mural integrity, 
permitting normal blood flow into the true lumen by obliterating 
the false lumen and preventing further progression of the dis- 
section process. It is encouraging to note that localized operation 
of the aortic root in patients with dissection extending into the 
iliac arteries is effective in stabilizing the lesion. The discouraging 
feature in this group, however, has been the obscure pathogenesis 
of the lesion. Aortic specimens from several of these patients have 
not aided in the identification of the abnormal structure respon- 
sible for the disruption of the aorta. 


CONCLUSIONS 


An important aspect of the operation relates to the site 
of arterial cannulation. In patients with a second tear dis- 
tally, (reentry) there is a hazard of retrograde perfusion 
of the dissected lumen. Undoubtedly, this has contributed 
to the deaths of some patients treated surgically. Fortu- 
nately, in the patients described here and in many re- 
ported by others, retrograde perfusion through a cannula 
in the femoral artery was not hazardous. This, of course, 
in part relates to the absence of a second intimal tear dis- 
tally. In patients with dissection and unilateral iliac occlu- 
sion one can be reasonably sure that a second tear does 
not exist and therefore the contralateral femoral artery 
can be cannulated for arterial return. Others have advo- 
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cated cannulation of the aortic arch under these circum- — 


stances.” We have not tested the effectiveness of this — 


method and hesitate to believe that it would be superior to 
the femoral artery cannulation. 
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Discussion 


HARRIS B. SHUMACKER, JR, MD, Indianapolis, Ind: Dr Najafi and 
his associates have presented a most fascinating and helpful 
study. I am in general agreement with them. Thinking that our 
experiences might complement theirs, I have looked over our own 
data and have confined the search to patients with acute and suba- 
cute dissection involving the ascending aorta and to chronic cases 
with massive aortic insufficiency judged to have the character- 
istics of those due to chronic cystic disease. 

This includes my personal experiences at the University Medi- 
cal Center during the past 12 years and those of my associates and 
me at St. Vincent Hospital during the past two. I believe that we 
have carried out 19 operative resections of the ascending aorta 
with graft replacement for acute or subacute dissection. In 14 
there was evidence of aortic insufficiency, often massive in degree. 
In each we have suspended the flail aortic valve and have carried 
out no valve replacement. 

In a single instance, after an immediate satisfactory result, in- 
creasing aortic insufficiency developed and it was necessary to op- 
erate again 3% months later and insert a porcine valve. The ex- 
cised valve showed mucoid degenerative changes. One patient 
Pequired an aortic coronary bypass graft. There are, I think, two 
patients who have a barely audible diastolic murmur, but no he- 
modynamically significant cardiac insufficiency, and in the rest 
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there is no evidence at all of any aortic incompetence. 
There were two patients whose split aortic wall was situated at 


the distal end of the ascending aorta rather than in the usual ~ 


supervalvular area, and in two, unfortunately, like those of Dr 
Najafi in whom the site of the tear could not be determined by 
angiographic study, no tear was found in the ascending aorta de- 
spite the fact both had hemopericardium. One of the latter also 
had aortic insufficiency, which was treated by valve suspension. 

Eleven patients were operated on for chronic aneurysms and se- 
vere aortic insufficiency and all of them had valve substitution, the 
most recent ones with porcine valves. One of the 11 died of rhythm 
problems about 12 days postoperatively. Three of the early cases 
were treated by aortoplasty, as were a few of theirs, and I am 
fully persuaded that graft replacement is preferable to aorto- 
plasty. 

I have not mentioned the subsequent course of events in these 
patients nor our experiences with atherosclerotic aneurysms and 


aortic insufficiency. What I have presented confirms, I believe, the ` 


authors’ opinion that operative management is the procedure of 
choice in these cases; that valve suspension is generally satisfac- 
tory for dealing with insufficiency in acute and subacute cases; 
that valve replacement is always required in chronic cases; and 
that the hospital survival rate is surprisingly high (only one of our 
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30 patients died in the hospital). 

J. Kent TRINKLE, MD, San Antonio, Tex: I would like to confine 
my comments specifically to those patients with aneurysms of the 
aortic root due to cystic medial necrosis, both with and without the 
full-blown Marfan syndrome. These patients are quite unique in 
that the ascending aorta is essentially intact and the pathophysio- 
logical findings are dilation and elongation of only the immediate 
supervalvular segment. 

In three of our patients with cystic medial necrosis aneurysms 
the aortic root angiograms showed a segment that corresponds 
in length to a normal ascending aorta prior to the takeoff of the 
innominate artery. The left ventricle is rotated inf eriorally and to 
the left. It is possible to take advantage of this elongation and do 
a primary anastomosis of these aneurysms. 

The length of this segment should be in the range of 5 to 6 cm. 
This is true even in the much larger aneurysms. For instance, one 
of our patients had quite a large aneurysm that had eroded 
through the inner table of the sternum and had a posterior dis- 
section, but still had a relatively normal ascending aortal seg- 
ment. 

In another case there was a large ascending aortic aneurysm 
with a relatively normal intrapericardial segment above it. We re- 
sected this and did a primary end-to-end anastomosis with the su- 
ture line going down to the right ventricle in the epicardial fat. 

As Dr Najafi mentioned, the right coronary artery frequently 
arises quite high from these aneurysms and generally we cut a 
little ellipse or a tongue-shaped area of the aorta at the proximal 
end to include this in the suture line. In one patient we did a vein 
bypass graft, excising the orifice. 

We did not really pull the aortic valve up to the sternal notch in 
these patients. Even though it was only eight days since surgery 
in one of our patients, there was a considerable diminution of car- 
diac size. Essentially, we took the transverse or obliquely lying 
left ventricle and pulled it up into its relatively normal position. 

We have done this in six patients. We started off rather timidly 
with a small aneurysm and progressed toward large ones. It is a 
much quicker and simpler procedure. Since cystic medial necrosis 
is a generalized disease, and since we are treating only the local 
exacerbation of the generalized disease, we believe this is a pre- 
ferable approach to the more extensive and hazardous approach of 
using grafts and coronary reimplantations in grafts. 

Lari A. Atral, MD, New York: I wish to compliment Dr Najafi 
on his excellent presentation and bring to your attention the prob- 
lem of recurrent or persistent dissection at the repair or the anas- 
tomotic site following successful surgery for acute aortic dis- 
section. 

At Montefiore Hospital and Medical Center, Dr George Rob- 
inson and I have demonstrated by postoperative angiography at 
least five instances of recurrent dissection in the area of previous 
surgery at various intervals from the initial operative procedure. 
Only in one instance, empyema of the left side of the chest was 
probably responsible for disruption of the anastomosis and recur- 
rent aneurysm. 

I will discuss two illustrative cases. Both had resection of the 
ascending aorta with graft replacement. Aortic incompetence in 
both cases was treated by resuspension of the cusps to their 
normal anatomical position. Case 1 had recurrent dissection 
proved by aortography one year after surgery. He was successfully 
operated on again, and fistula between the true and false lumen 


` was repaired by simple sutures. The second patient had a routine 


aortogram two weeks after surgery, revealing persistent double 
lumen involving the entire descending aorta. This patient is 
asymptomatic and being followed up medically. 

Information regarding the actual incidence of recurrent dis- 
section after successful surgery is not available, and survival from 
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initial surgery is presumed to be associated with eradication of 
the abnormality. We would like to recommend a routine postoper- 
ative angiogram whenever possible to verify recurrence of dis- 
section and carry out appropriate therapy. 

CLARENCE S. WELDON, MD, St. Louis, Mo: I rise just to comment 
on one very different approach we are taking to the problem of pa- 
tients who have massive dilation of the aortic valve anulus with 
cystic medial necrosis and Marfan syndrome. I am talking now 
about patients in whom the aortic root is massively enlarged. In 
such cases, the angiogram shows the anulus of the aortic valve 
measures about 15 cm in diameter. 

We have operated on three such patients and prepared, follow- 
ing measurements from angiograms, prosthetic valves that fit the 
dilated ring precisely. We have done this by taking a large-size 
Bjork-Shiley prosthesis and sewing to it.a piece of arterial pros- 
thesis, usually a 10-mm arterial prosthesis. We put it on the pros- 
thesis as one puts a tire on a wheel. This makes a very large pros- 
thesis. We construct an aortic prosthesis that fits the prosthesis 
below and the aorta above by putting a triangular gusset into one 
end of an aortic prosthesis, thus making it in the shape of a trun- 
cated cone. 

So the entire abnormality is replaced with a prosthetie device 
and no attempt is made to reduce the size of the aortic ring with 
plication or suspending sutures. We have done this operation 
three times, once recently. It is now about 1% years after the first 
patient’s operation and about a year after that of the second pa- 
tient; so far this is a repair that has held up well. It is a different 
approach to the patient who has a very massive enlargement of 
the aortic root. 

CHARLES A. HUFNAGEL, MD, Washington, DC: I think this paper 
by Dr Najafi and his colleagues brings into focus many problems 
worth consideration in relation to dissecting aneurysms. The mech- 
anism for the production of aortic insufficiency in dissection, as we 
pointed out some years ago, is basically prolapse of the leaflet due 
to the interruption of the suspensory function of the commissural 
attachment of the valve. 

This is important in relation to the diagnosis also. Sometimes 
aortography does not indicate the site of origin. For example, in 
two cases presented, while the dissection was actually beyond the 
left subclavian artery, the patient was operated on for the ascend- 
ing arch. 

We have had this experience, too, over the last 15 years, with 
some of our 150 cases of dissections. The problem of the site of ori- 
gin is always a difficult one. I think I might point out that massive 
aortic insufficiency is almost never present when the dissection 
arises in the left subclavian artery, distal to the left subclavian ar- 
tery. There may be distortion of the valve with a diastolic mur- 
mur, but there is no interruption of the total suspensory function 
of the leaflets and, therefore, the insufficiency usually tends to be 
relatively small. In this instance one operates as a rule, because of 
dissection rather than massive acute insufficiency. 

Another important point is that it is very easy to get recurrence 
of dissection. If any single suture cuts through the aorta with the 
classic repairs, then one basically has an opening and communica- 
tion with the false lumen. There have been a number of methods 
used to try to minimize this. The use of a graft going internally so 
that it forms a flap and goes distally has been a great dea! of help 
both in the acute form and the chronic type of dissection. 

In the acute dissections it is frequently possible not to use a 
prosthesis, but I think one should be very careful not to put the su- 
ture line under great tension. While the heart is displaced down- 
ward and to the left in chronic cases, and while a great deal of 
length can be gained by moving the heart back to its normal posis 
tion, one should take into consideration the character of the aor- 
tic wall and be certain not to put the aorta under tension because 
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loss of elasticity of the interval layer, a part of the primary mech- 
anism, is a factor in cutting through of the sutures. 

Finally, I would like to introduce an extension of Dr Attai’s re- 
marks. We think the incidence of recurrence is relatively high and 
that one should follow these patients quite closely. Theoretically, 
if you have an ascending tear and you repair it, a certain number 
of these patients are going to have a reentry point already pres- 
ent, which is particularly true if the dissection is a week or more 

old. 
| This i is true because frequently the means of temporary sur- 
vival is to have reentry at a distal point. It is extremely important 
at some point in the patient’s course to find that reentry point. If 
~ one does a correction of the ascending portion, one could expect 
~ that the internal pressure should force the internal or external 
layers of the dissection back into position and that there would be 
= a correction of the distal obstruction or the distal dissection. 
aN That does not always occur. There may be clotting and approxi- 
mation of these layers with rehealing, or there may not. It is im- 
portant to know the difference. We would like to introduce the 
idea that you should also close the distal dissection at a subse- 
quent date because in the closed hydraulic system, the pressure is 
g Bi transmitted equally in all directions and the blood can pass retro- 
ae grade up to the point of the suture line just as well as it can go 
- down. 
z So at this time we believe that the next step in the course of 
treatment of dissections is to identify the point of reentry and to 
À dose the point of reentry as well in order to achieve a good and 
_ long-term result. We are also currently working with a series of 
_ fast-setting acrylics as a means of reapproximating the layers in 
an extremely brief interval time at the primary operation to help 
achieve a seal and perhaps eliminate some of the secondary ap- 
proaches previously mentioned. 

Dr Nayari: I certainly appreciate the pertinent remarks made 
_ by the discussers. I came to the podium with some degree of ap- 
F prehension for presenting an old subject in front of so many pio- 
neers. The eloquent discussion of Dr Shumacker and elaboration 
. by Dr Hufnagel attest to my point. 

Dr Trinkle refers to primary repair of the ascending aorta fol- 
_ lowing resection of the aneurysm. It should certainly be kept in 
_ mind. My worry would be that one may leave behind some aneu- 
= rysmal tissues and, unless these patients are followed up between 
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10 to 20 years, one could not be certain as to the merits of some of _ 


these operations. For instance, I have trepidation about inter- 
position of the saphenous vein for right coronary artery trans- 
plantation as we are describing, even though the circumstances 


for long-term patency are excellent. E 


The persistence of dissection is extremely common. We have 
three long-term survivors who have thoracicoabdominal aortic dis- _ 
section. We have followed them up closely through some enlarge- 
ments of the aortic arch. One has developed some enlargement of — 
the false lumen in the region of the ascending aorta. Because he 


remains asymptomatic, we have not recommended surgery. o 


The operation in these patients is palliative and one hopes that 
by proximal repair the distal dissection will remain stable. 

As to the composite graft described by Dr Weldon, I would like 
to take 30 seconds to bring this matter to the attention of every- 


one. Mr Hugh Bentall, cardiovascular surgeon at Hammersmith 


Hospital in London, actually was the first to describe composite 


graft replacement of the aortic valve and ascending aorta. I found 


this out with some embarrassment last July when, along with Dr 
Spencer, Mr Bentall was a member of my panel on aortic aneu- 





Bs. 


rysms. When I referred to Sterling Edwards’ report on this tech- 4 $ l 


nique, Mr Bentall reminded me that he had previously reported it- 
in Thorax in July 1968. Undoubtedly, it is a good operation for pa- 
tients with aortic root aneurysm. 

Dr Hufnagel stated that massive aortic insufficiency is never 
associated with posterior dissection going retrograde into the aor- 


tic valve. We said the same thing until a year ago when we en- 


countered two patients with this condition. 


Two patients underwent surgery merely on the basis of our ites si a 
ical diagnosis. These patients had new murmurs of aortic insuffi- — 
ciency preceded by chest pain. Both had acute left iliac occlusion 


secondary to extension of the dissection and were in such a pre- 
carious condition that we felt delay due to aortography might 


cause their demise. They are two of the survivors. Having had two 


patients with massive aortic insufficiency secondary to retrograde 


dissection from the descending aorta makes me very apprehen- _ 
sive. Unfortunately, aortography was not helpful in identifying — 


the origin of the dissection. 

We are still in the process of learning and I hope that some of 
the comments made here will be helpful in the management of the 
condition of some of these patients. 
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Mitral Valve Replacement With the 
Hancock Stabilized Glutaraldehyde Valve 


Clinical and Laboratory Evaluation 


Wally S. Buch, MD; Robert D. Pipkin, MD; Warren D. Hancock, MBA; Thomas J. Fogarty, MD 


@ From March 1971 through April 1975, one hundred twenty 


_ patients underwent mitral valve replacement with a Hancock 


“stabilized glutaraldehyde process” porcine aortic xenograft. A 
simultaneous canine experimental series was also carried out. 
In the clinical series, the early mortality was 8.3%. Actuarial 
analyses of all patients predicts survival at two years of 81.0% 
and at four years of 70.0%. The predicted survival for patients 
without coronary artery disease or prior prosthetic valve replace- 
ment is 87.5% at two years and 77.5% at four years. There were 
four thromboembolic episodes, a rate of 2.4% per patient-year. 
None were fatal. No valve failures were noted. Histologic exami- 
nation and shrink temperature analysis of recovered valves show 
excellent tissue preservation at 40 months. The data indicate 
that the Hancock valve is durable, enjoys a low incidence of 
thromboembolism, and may be the valve of choice for mitral 
valve replacement. 
(Arch Surg 110:1408-1415, 1975) 


issatisfaction with the long-term performance of me- 

chanical prostheses for mitral valve replacement has 

led to intensive investigations of various tissue valve sub- 

stitutes. While a variety of tissues have been evaluated, 
only a few have stimulated broad interest. 

When used in the mitral position, the stented viable 
aortie valve allograft, while conceptually attractive, has 
unfortunately demonstrated a high incidence of late valve- 
related complications.‘ Formaldehyde preservation of por- 
cine aortic xenografts failed to provide stable collagen 
cross-linking, resulting in an extraordinarily high inci- 


dence of tissue disruption.** Glutaraldehyde preservation 


Accepted for publication June 27, 1975. 

From the Stanford (Calif) University Hospital. 

Read before the 23rd scientific meeting of the International Cardio- 
vascular Society, Boston, June 20, 1975. 

Reprint requests to 770 Welch Rd, Suite 201, Palo Alto, CA 94304 (Dr 


Fogarty). 


1408 Arch Surg—Vol 110, Nov 1975 


of xenografts, in contrast to formaldehyde, substantially 
improves collagen polymerization and is not appreciably 
biodegraded.*~® 

This report describes canine experimental investigation 
and clinical experience in 120 patients undergoing mitral 
valve replacement with a Hancock “stabilized glutaral- 
dehyde process” porcine aortic xenograft. 


SUBJECTS 
Experimental Series 


Mitral valve replacement was performed in 25 mongrel dogs. 
Prophylactic antibiotic therapy (cephalothin sodium [Keflin]) was 
given for seven days postoperatively. Animals were fed standard 
diets and exercised frequently. 


Clinical Series 


During the period from March 1971 through April 1975, one 
hundred twenty patients underwent. mitral valve replacement 
with the Hancock porcine xenograft. Their average age was 55.7 
years (range, 28 to 80). There were 88 women and 37 men. Pa- 
tients’ conditions were assessed on the basis of the New York 
Heart Association (NYHA) classification. Preoperatively, one pa- 
tient was in class I, nine were in class II, 62 in class III, and 48 in 
class IV (average, 3.30). Fifteen patients (12.5%) had undergone 
prior mitral commissurotomy. 

The patients were divided into three groups to assess the role of 
coronary artery disease (CAD) and prior prosthetic valve replace- 
ment on survival (Table 1). Patients in group 1 (N =87) have in 
common no demonstrable evidence for obstructive CAD. The cause 
of mitral valve disease is varied, with 73 having rheumatic disease 
and 14 having nonrheumatic mitral regurgitation. 

Patients in group 2 (N=23) have concomitant CAD. This was 
proved by preoperative coronary arteriography or, in the case of 
death, by postmortem examination. The presence of CAD was de- 
fined as one or more lesions compromising major vessel luminal 
diameter greater than 70%. In this group, 12 have rheumatic dis- 
ease and 11 have nonrheumatic mitral regurgitation. In 14 pa- 
tients (60.8%), one or more aortocoronary saphenous vein bypass 
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Table 1.—Cause of Conditions Requiring 
Mitral Valve Replacement (120 Patients) 


No. of 
Patients 


Group | 
1 (Mitral valve disease without CAD*) 


Rheumatic 
Mitral stenosis 37 


Mitral regurgitation 17 
Mixed 19 


Nonrheumatic 
Mitral regurgitation 14 


Total 


2 (Mitral valve disease with CAD) 
Rheumatic 
Mitral stenosis 


Mitral regurgitation 


Nonrheumatic 
Mitral regurgitation 


Total 


3 (Prosthetic replacement with and 
without CAD) 
Starr-Edwards 


Wada-Cutter 
Total 


* Coronary artery disease. 


Table 2.—Associated Procedures in 120 Patients 
Undergoing Xenograft Mitral Valve Replacement 


No. of 
Associated Procedures Patients 


Aortocoronary bypass graft 14 


Aortic commissurotomy 
Left ventricular aneurysmectomy 


Resection, idiopathic hypertrophic 
subaortic stenosis 


Carotid endarterectomy 


Repair atrial septal defect 
and pulmonic stenosis 


grafts were performed (11.7% of all patients). Three patients un- 


derwent simultaneous resection of a left ventricular aneurysm. 

Group 3 includes ten patients who underwent replacement of a 
mechanical prosthesis. One patient had CAD. Indications for reop- 
eration were multiple emboli in nine cases and ball impingement 
by thrombus in a single case. 

A total of 24 patients underwent associated procedures (Table 
2). In addition to the previously mentioned saphenous vein grafts 
and left ventricular aneurysm resections, four patients underwent 
aortic commissurotomy, and one patient each had resection of idio- 
pathic hypertrophic subaortic stenosis, a carotid endarterectomy, 
and repair of pulmonic stenosis and ostium secundum atrial septal 
defect. 


OPERATIVE TECHNIQUE 


After trimming of redundant tissue, the porcine aortic 
valves are mounted on an appropriately sized Dacon-cov- 
ered flexible polypropylene stent” and immersed in stabi- 
lized glutaraldehyde solution. Each valve is hydraulically 
tested and cultures are taken. 

«Prior to implantation, the valve is rinsed in three basins 
of sterile saline solution. A left-sided thoracotomy is per- 
formed in the animal series and a midline sternotomy in 
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Table 3.—Early Mortality After Xenograft 
Mitral Valve Replacement in 120 Patients 


No. of 
Patients 


New York Heart Association classification 
il 
IV 


Associated procedures 
Left ventricular resection 
Resection, idiopathic hypertrophic 
subaortic stenosis 
Aortocoronary bypass graft 


Cause of death 
Myocardial infarction 
Left atrial thrombus secondary to 
myocardial failure 
Renal failure and sepsis 
Myocardial failure 


Table 4.—Late Mortality After Xenograft Mitral 
Valve Replacement in 120 Patients (2-40 Months) 


No. of 
Patients 
New York Heart Association classification 
II 8 
IV 7 
Associated procedures 
Aortic commissurotomy 


Transposition right coronary artery to aorta 
Aortocoronary bypass graft 


Cause of death 
Alcoholic cirrhosis 
Myocardial failure 
Nonalcoholic hepatic failure 
Drug overdose 
Renal failure 
Peritonitis 
Arrhythmia 
Sudden death 
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the clinical series. Standard techniques of cardiopulmo- 
nary bypass are employed, utilizing a roller pump and a 
disposable bubble oxygenator. Aortic cross-clamping is 
combined with topical myocardial hypothermia by means 
of 4 C saline irrigation of the pericardial well.“ Inter- 
rupted mattress sutures of 2-0 Teflon-coated Dacron are 
placed in the mitral valve anulus. Venting is accomplished 
with a No. 14 T tube placed through the atriotomy, tra- 
versing the valve. 

In the immediate postoperative period, endotracheal in- 
tubation and controlled ventilation with a pressure-cycled 
respirator are employed. Continuous monitoring of the 
electrocardiogram, mean arterial pressure, central venous 
pressure, and urine output are routinely carried out. 


ANTICOAGULATION 


Anticoagulants were not employed in the experimental 
group. In 54 patients (45%), no anticoagulants were ad- 
ministered. In another 18 patients, warfarin was given for 
four to six weeks (15%). The majority of these patients 
underwent concomitant aortocoronary saphenous vein 
bypass grafts, in which anticoagulants are routinely 
employed to prevent saphenofemoral phlebothrombosis. 
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Diagnosis and Findings 
at Operation 


Remove Starr-Edwards prosthesis 
for emboli; multiple thrombi on 
valve and atrium 

Mitral stenosis; massive left atrial 
thrombus 

Severe mitral regurgitation: no 
left atrial thrombus 

18 Mitral stenosis; no thrombus 


Patient Location 


Popliteal 
artery 
Cerebral 


Cerebral 






Cerebral 


In the remaining patients, indications for oral anti- 


_ coagulation included the presence of left atrial thrombus, 


a prior history of thromboembolism, or replacement of a 
mechanical prosthesis. In this group (40%), warfarin was 
administered indefinitely with the goal of maintaining 


Quick prothrombin activity of 18% to 25% of control. 


POSTOPERATIVE FOLLOW-UP 
Experimental 


_ There were nine deaths in the immediate postoperative 
period, none related to valve failure. There have been six 
late deaths, five due to endocarditis and one for obscure 
reasons. In the remaining ten animals, physical examina- 
tions were made frequently to assess general well-being 


= and to detect signs of valvular dysfunction. No evidence 
of tissue failure, in the absence of infection, has been 


noted in the series. : 

In a study continuing at this time, animals have been 
killed at intervals of two months to two years. Recov- 
ered valves are catalogued and photographed. Sections are 
taken for shrink temperature analysis and tissue elonga- 
tion studies. Standard histologic preparations are pre- 
pared and special sections are taken for electron and 


-= scanning electron microscopy. 


Clinical 


Postoperative evaluation and assessment of conditions 
of discharged patients was obtained by direct patient con- 
tact or through the primary physician. Two patients have 
been lost to follow-up. The average length of follow-up is 
18.5 months (range, 1 to 51). Survival rates are calculated 
according to an actuarial method.'* Functional classifica- 
tion is reassigned on the basis of the most current symp- 


_ toms by using the criteria of the NYHA classification. 


A diligent search was made for any history of throm- 
boembolism. Any incident remotely suggesting throm- 
boembolism, whether substantiated or not, is considered 
to be a thromboembolic event. 


RESULTS 
Early Mortality 


In group 1, three patients (3.4%) died in the early post- 
operative period ( < 30 days). One patient with low output 
syndrome died of left atrial thrombosis with occlusion of 
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Table 5.—Thromboembolism After Xenograft Mitral Valve Replacement in 120 Patients 
(169.7 Patient-Years) 


Interval 
Postoperation, 
mo Anticoagulation 
















Result 
Embolectomy 


Rhythm 


Atrial 
fibrillation 






















Warfarin 













Warfarin Atrial 


fibrillation 
Atrial 

fibrillation 
Normal sinus 
rhythm 


No sequels 





No sequels 





40 Warfarin 










Hemiparesis 








the prosthesis ten days postoperatively. The thrombus 
originated at the left atrial suture line. Another patient 
died from prosthetic strut perforation of the left ventricle 
during resuscitation. The other, operated on in cardio- 
genic shock, died of renal failure after combined valve re- 
placement and resection of idiopathic hypertrophic sub- 
aortic stenosis. 

Six patients (26.1%) in group 2 (serious CAD) died 
within the first 30 days. One had left atrial thrombosis 
originating from the atrial appendage. Two patients had 
resections of left ventricular aneurysms and died in a low 
output state. Three patients, two of whom had associated 
aortocoronary bypass grafting, died of myocardial failure. 

One patient (10%) in group 3 (replacement of an exist- 
ing prosthesis) died in the early interval. This patient had 
severe left atrial thrombosis and thrombus on a Starr-Ed- 
wards prosthesis and died of left atrial thrombosis and 
valve orifice occlusion. The thrombus originated from the 
roughened atrial endocardium. 

In the entire patient population, ten patients (8.3%) 
died in the early period (Table 3). Nine of these patients 
were in class IV according to NYHA classification. There 
were no deaths related to failure of the xenograft. 


Late Postoperative Survival 


In group 1, ten patients have died (2 to 40 months post- 
operation [Table 4]). Two patients died of alcoholic cir- 
rhosis, another of a drug overdose. Two patients died of 
peritonitis (ruptured diverticulum and peptic ulcer dis- 
ease). A patient with cardiomyopathy died suddenly two 
months after operation. Five patients died from myocar- 
dial failure. Figure 1 portrays actuarial analysis of sur- 
vival of all patients in group 1. The probability of survival 
is 90.0% (+ 2.76 SEM) at one year and 77.5% (+ 9.76) at 
four years. 

Three patients in group 2 (2 to 19 months) have died. 


‘One died of myocardial failure, one of peritonitis (a leak- 


ing gastrostomy), and one of an arrhythmia. Two patients 
had associated aortocoronary bypass grafting. 

Two patients in group 3 have died (at 2 and 25 months). 
One died of myocardial failure, and the other of hepatic 
failure. This patient proved at autopsy to have’a minoy 
perivalvular leak that was not thought to be responsible 
for his death. 
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Survival analysis of the entire patient population (Fig 
2) indicates 85.0% (+ 3.60 SEM) survival at one year and 
70.0% (+ 8.87) survival at four years. There are no known 
cases of valve failure or serious mitral regurgitation. 

Postmortem examinations were performed on 18 (86.7%) 
of the patients who died in the late postoperative period. 
In eight cases, the valve was reported as “normal” but had 
been discarded by the pathologist. Five valves were avail- 
able for histologic analysis and electron microscopy. 
Shrink temperature analysis could be carried out on only 
two valves since three were received in formaldehyde so- 
lution from the pathologist. 


VALVE-RELATED COMPLICATIONS 
Thromboembolism 


Four patients experienced a systemic thromboembolic 
episode in 2,036 patient-months (169.7 patient-years), an 
incidence of 2.4% per patient-year (Table 5). In no case did 
the thromboembolic event cause death. One embolus oc- 
curred in the early postoperative period in a patient who 
underwent removal of a Starr-Edwards prosthesis because 
of multiple emboli. The others occurred 2, 24, and 40 
months postoperatively. One patient had left atrial thrombi 
noted at operation. Two patients had no intraoperative 
thrombi noted. Three of the four patients in this group 
were receiving adequate anticoagulant therapy at the 
time of the embolic event. Only one patient is left with 
any residual deficit. 


Endocarditis 


Endocarditis, presumably involving the prosthesis, de- 
veloped in one patient 20 months after surgery, concomi- 
tant with dental manipulation during which prophylactic 
antibiotics were not administered. Blood cultures yielded 
enterococcus. She was successfully treated with potassium 
penicillin and streptomycin sulfate parenterally for a six- 
week period followed by orally administered ampicillin so- 
dium and probenecid for four months. No cardiac mur- 
murs were noted and the patient is well nearly one year 
after cessation of therapy. 


Anticoagulants 


Two patients had serious complications from warfarin 
therapy. One had an intracerebral hematoma, the other a 
severe gastrointestinal hemorrhage requiring multiple 
transfusions. Both patients survived. 


Perivalvular Leak 


In one patient, who has been previously noted, with 
preoperative subacute bacterial endocarditis and hepatic 
; failure, a periprosthetic leak developed two weeks after 
surgery. The patient died two months after surgery of 
progressive hepatic encephalopathy. At postmortem ex- 
amination, the leak was small and the valve tissue was in- 
tact. 


2 * FUNCTIONAL CLASSIFICATION 


The current NYHA functional classification of all pa- 
tients surviving surgery and followed up for a minimum 


„Arch Surg—Vol 110, Nov 1975 


100 
Deeg NR: 


O 
£ 
2 
> 
c 60 
> 
77) 
~ 
> 40 
u 
fc 
© 20 
a. 
C 
0 mh ST 2 24 30 36 42 4 5&2 


MONTHS 


Fig 1.—Survival, calculated by actuarial method, after xenograft 
mitral valve replacement in 87 patients without Coronary artery 
disease or prior prosthetic valve replacement. | 
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Fig 2.—Survival, calculated by actuarial method, after xenograft 
mitral valve replacement in all patients. 


Fig 3.—Preoperative and postoperative functional classification 
(New York Heart Association) of 81 patients undergoing xeno- 
graft mitral valve replacement. 
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Fig 4.—Xenograft valve 19 months after operation. Left, Atrial aspect. Right, Ventricular aspect. 


Fig 5.—Xenograft valve ( x 100) at 28 months (left) and 40 months (right) after operation. Note reten- 
tion of cellular nuclei, excelient collagen and elastic tissue preservation, and absence of necrosis. 
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Fig 6.—Scanning electron photomicrographs (x 200). Left, Glutaraldehyde-preserved xenograft at 56 months (clinical). 


Right, Formaidehyde-preserved xenograft at 12 months (experimental). Note structural integrity of glutaraldehyde valve. 


Fig 7.—Shrink temperature analysis of xenograft valves preserved 
in various solutions; those preserved in stabilized glutaraldehyde 
remain virtually constant. 
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of six months is contrasted with the preoperative classifi- 
cation in Fig 3. No patient was worse after operation and 
only three patients in classes III and IV preoperatively 
failed to show improvement. The average preoperative 
classification was 3.30; postoperatively, it is 1.6. 


VALVE ANALYSIS 


Six animals have been killed in the last postoperative 
period (two months to two years). In the clinical series, 
five valves obtained in the late postoperative period have 
undergone histologic examination and stability testing. 

Recovered tissue is evaluated in a similar fashion in 
both groups. Following gross photography, standard sec- 
tions are taken for light microscopy, and special sections 
are taken for electron and scanning electron microscopy. 
Tissue elongation and shrink temperature analyses are 
performed. 

Figure 4 shows the gross features of a valve recovered 
from a patient 19 months after operation. There is excel- 
lent incorporation of the valve strut with glistening fi- 
brous tissue. There is no evidence of tissue attenuation. 
Figure 5 shows microscopic sections from valves recovered , 
from patients 25 and 40 months postoperatively. These 
show excellent preservation of collagen and elastic tissue 
and the retention of cell nuclei. There are no areas of tis- 
sue necrosis. No round cell infiltration is noted. Histologic 
studies on the animal series during this time interval are 
identical. 
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Figure 6 compares scanning electron micrographs of a 
glutaraldehyde-preserved valve recovered from a patient 
four years after operation and a formaldehyde-preserved 
valve one year after implantation in an experimental ani- 
mal. There is a dramatic difference in the surface integ- 
rity and order of the matrix. The glutaraldehyde valve 
reveals a well-ordered surface while the formaldehyde- 
preserved valve shows marked tissue disruption. 

Shrink temperature analysis, a sensitive measure of 
stability of collagen preservation, is shown in Fig 7. Here, 
stabilized glutaraldehyde is compared with standard (0.65%) 
glutaraldehyde, sodium metaperiodate-glutaraldehyde, 
and 4% formaldehyde. The shrink temperature of the 
stabilized glutaraldehyde remains relatively constant. 


COMMENT 


Despite design modifications in mechanical prosthetic 
valves, thromboembolic and anticoagulant complications 
continue to cause considerable late morbidity and mortal- 
ity in most published series of mitral valve replacement.’**° 
Although cloth-covered valves have improved the outlook, 
the incidence of thromboembolic events with any particular 
valve has not been consistently reduced to levels approach- 
ing that after mitral valvoplasty,**”* which may indeed be 
the lowest incidence attainable in patients with enlarged 
left atria, atrial fibrillation, and abnormal left ventricular 
function. In addition, troublesome problems with cloth 
wear,”*” valve failure,” and hemolysis* continue to 
plague certain mechanical valve configurations. 

Various tissue valve substitutes have been investigated, 
and nearly all have resulted in a low incidence of throm- 
boembolism. Unfortunately, the viable aorticallograft,’ fas- 
cia lata," and formaldehyde-preserved heterografts**** 
have demonstrated poor durability. Tissue degeneration has 
been shown to depend on the method of storage, ster- 
ilization, preservation, hydraulic stress, and perhaps immu- 
nologic factors.” 

Our experience with formaldehyde preservation of por- 
cine tissue indicated that its failure to provide stable 
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polymerization of the complex collagen molecule and its in- 
ability to reduce antigenicity of the valve matrix is respon- 
sible for the tissue deterioration noted in experimental and 
clinical trials.?*® 

Stabilized glutaraldehyde preservation is a logical al- 
ternative. It provides stable collagen polymerization as 
measured by shrink temperature analysis, and experimen- 
tal work indicates that the profound infiltration of tissue by 
immunologically competent cells seen in fresh and formal- 
dehyde-preserved heterografts is not noted with glutaral- 
dehyde preservation. 

The present data indicate that the Hancock porcine aor- 
tic xenograft has a very low incidence of thromboembolism 
(2.4% per patient-year) despite limited and selective anti- 
coagulation. Other series demonstrate equally low rates 
without anticoagulants.°’ This incidence compares favor- 
ably with that observed after mitral valvoplasty.**”® There 
are no reported valve failures in a period of observation ex- 
tending beyond four years, and hemolysis has not been re- 
ported. 

Cardiac catheterization data were obtained in ten pa- 
tients one year or more postoperatively.* There was no evi- 
dence for mitral insufficiency, and mean resting gradients 
across the valve were satisfactorily low. 

Evidence at the present time indicates that the Hancock 
xenograft need only be proved to be durable beyond the pres- 
ent follow-up period to represent the valve of choice for mi- 
tral valve replacement. The excellent preservation of colla- 
gen and elastic tissue in the valves recovered up to 40 
months, and the absence of round cell infiltration, would sug- 
gest that the goal of long-term durability may be realized. 
However, further observation will be required before this 
issue can be finally resolved. 


Nonproprietary Name and 
Trademark of Drug 


Cephalothin sodium—Keflin. 
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Discussion 


D.J. MAGILLIGAN, JR, MD, Detroit: The Hancock porcine xeno- 
graft has been the prosthesis of choice for valve replacements in 
Henry Ford Hospital since 1971. We have a group of 129 patients 
who underwent mitral valve replacement alone without any asso- 
ciated cardiac procedures and who were followed up for 1 to 43 
months. During this time, we have had no failures of valves. 

We had one patient in whom we recovered a valve in 28 months, 
and, as Dr Buch has shown, it looked both grossly and microscopi- 
cally like a fresh valve. In 25 patients who were studied postopera- 
tively, there are excellent hemodynamic data showing that trans- 
valvular end diastolic gradient was, on the average, 2.5 mm Hg. 

We have seen thromboembolism, however, in 14 cases, 9% of the 
total mitral series or more like 11% of the series of 129 patients 
followed up for 1 to 43 months. Three patients died of thromboem- 
bolism outside of the institution; their hearts and valves were not 
recovered. 

Risk factors associated in these patients were atrial fibrillation 
in 86%; previous anticoagulant therapy that had recently been 
stopped, 43%; preoperative endocarditis, postoperative bactere- 
mia, 29%; and preoperative history of thromboembolic episodes, 
21%. 

At the present time, therefore, as a precaution, we are institut- 
ing anticoagulant therapy in patients with mitral valve replace- 
ment and atrial fibrillation. These risk factors have not been 
matched against the cohort of patients who had not had throm- 
boembolic episodes. We are not sure of their significance, but we 
are taking the precaution of treating these patients with anti- 
coagulants. 

In conclusion, we would agree with Dr Buch that the Hancock 
porcine xenograft exhibits excellent hemodynamic characteristics 
and that its durability has been excellent from four to five years. 
However, we are hesitant to be so sure that it has a low rate of 
thromboembolic episodes. 

LAWRENCE H. Coun, MD, Boston: I want to congratulate the au- 
thors not only on superb clinical results, but also on the all-impor- 
tant presentation of meticulous histopathologic and chemical data, 
which is very important for this particular valve. 

We have used this valve in all positions at the Peter Bent Brig- 
ham Hospital since January 1972. We originally began using it for 
what we thought was a logical alternative to prosthetic valves in 
those patients who were either very young or very old, who had 
previous sensitivity to anticoagulants, or who had coexisting dis- 
ease in which anticoagulation might be a severe problem. 

We have used this valve in 75 mitral valve replacements, 65 iso- 
lated aortic valve replacements, and 25 aortic and mitral replace- 
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no valve failure in our series in the 42-month follow-up period. 


This is a relatively short period, but we believe these results are 


most encouraging. 

The embolization rate is about the same as that reported by Dr 
Buch. We have had one patient with a double valve that had a 
massive left atrial thrombosis at the left atrial suture line, which 
caused his rather sudden death; at this time, we would agree with 
Dr Buch’s indications for anticoagulation in this type of patient. 

In addition, we had one anecdotal experience of a patient in 
whom endocarditis developed on his valve about one year postop- 
eratively; he was treated at the Johns Hopkins Hospital success- 


fully. I would like to ask the authors if they have had any experi- 7 


ence with postoperative endocarditis on this valve. 

My final question is, what has been your experience with this 
valve in other cardiac valve positions? 

FRANK C. SPENCER, MD, New York: I ask the impossible ques- 
tion. Dr Buch, when do these valves wear out? Are they forever or 
what? 

Dr Bucu: I guess only diamonds are forever. No one really 
knows how long they are going to last. But I think if one looks at 
other series using viable valves and formaldehyde-treated valves, 
I would say at least a seven- or eight-year period of reliability is 
likely. But only time will tell. | 

I would like to comment briefly on Dr Cohn’s remarks regarding 
endocarditis. We have had one case of endocarditis in a patient al- 
most two years postoperatively. Following dental manipulation, 
classical signs of endocarditis from enterococcus developed, and 
these, too, were cured with antibiotic therapy. At the present 
time, one year since cessation of therapy, the patient does not 
have any symptoms. 


We have used the valve in all positions. In 100 aortic valve re `} 


placements, mortality has been quite low, and the emboli rate is 
0.2% per patient-year. 


A thromboembolic rate of 9% is considerably higher than we 


have seen, but I believe that there is going to be an irreducible in- 
cidence of thromboembolism in patients with mitral valve disease 
because of the abnormal left ventricular performance and the con- 
dition of the left atrium. 

Whether the indications for anticoagulants are viable or not, I 
think remains to be seen. In patients with low output syndrome, 
we are currently considering low-dose heparin therapy to prevent 
massive left atrial thrombosis and occlusion of the xenograft in 
the early postoperative period. 
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cinefluoroscopy and echo- 


33. Ross JK, Johnson DC: Mitral valve replacement with homograft, fas- _ 
cia lata and prosthetic valves: A long-term assessment of valve function. J 





_ ments. In addition, two patients have undergone triple valve re- ; 
placements with this valve. Of importance is that there has been _ 








Regional Myocardial Infarction 


at Operation 


An Automated System of Identification 


Richard Green, MD; Louis Siegel; Aaron Hill; James DeWeese, MD; Scott Stewart, MD 


è The difference between normal and infarcted myocardium at 
operation cannot always be detected by inspection or palpation. 
infarcted myocardium may be identified by a decrease in the am- 
plitude of the ventricular bipolar electrogram. Although this 
method is reliable and reproducible, it requires a second ob- 
server’s visual analysis and interpretation of the electrogram 
signal. This method is therefore subject to the vagaries of human 
observation, analysis, and accounts of rapidly changing data. 
We have designed and built an automated instrument to simplify 
the recognition of transmural infarction. 

(Arch Surg 110:1416-1418, 1975) 


he resection of ventricular aneurysms and the clo- 
sure of ventricular septal defects with infarctectomy 

are now performed with decreased morbidity and mortal- 
ity. The difference between normal and infarcted myocar- 
dium at operation cannot always be determined by inspec- 
tion or palpation. Kaiser and co-workers'? have shown 
that infarcted myocardium can be precisely identified 
from the results of the surface bipolar electrogram. This 
technique is based on the difference of the amplitude of 
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Fig 1.—Instrument designed to detect electrical activity on car- 
diac surface. In front are two sizes of surface exploring probe. 


the bipolar electrogram between normal and infarcted 
myocardium. It is particularly helpful when the extent of 
myocardial injury is not visually apparent. 

Although this method is reliable and reproducible, the 
complexities of its instrumentation have prevented its 
widespread application. It relies on a second observer’s vi- 
sual analysis and interpretation of the difference in the 
signal amplitude between normal and infarcted myocar- 
dium. This method is therefore subject to the vagaries 
of human observation, analysis, and accounts of rapidly 
changing data. We have designed and built an automated 
system that electronically analyzes the ventricular 
electrogram and generates an audible alarm each time 
normal myocardium is detected. This has eliminated the 
need for a second observer’s visual interpretation of the 
electrogram signal. This system simplifies the technique 
of identifying infarcted myocardium by its electrical char- 
acteristics. 


MATERIALS AND METHODS 
Description of the Instrumentation 


The system (Fig 1) consists of a tripolar surface exploring 
probe and the conduction-cardiograph His bundle detector, which 
we have previously described for localization of the His bundle at 
cardiotomy.* The probe output from the ventricular surface is pre- 
sented to the conduction cardiograph, where a logic circuit com- 
pares the amplitude of the wave form in relation to a threshold 


Fig 2.—Distal end of surface probe showing tripolar array of elec- 
trodes. 
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Fig 3.—Conduction cardiograph section of instrument. 
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Fig 5.—Transition from normal to infarcted myocardium. Hatched 
line is threshold amplitude. When probe is on normal myocar- 
dium, its output exceeds threshold and alarm is produced (plus 
signs). As probe is moved over infarcted muscle, amplitude of 
electrogram decreases. When amplitude no longer exceeds 
threshold, no alarm is generated (minus signs). 


amplitude that is set when the probe is on an area of normal myo- 
cardium. An alarm is activated each time the probe output ex- 
ceeds this present threshold. 


The Surface Probe 


The ventricular surface probe (Fig 1 and 2) is constructed of 
three platinum electrodes in a tripolar array. The triangular ar- 
rangement of the electrodes eliminates low-signal amplitudes sec- 
ondary to electrode placement on an axis perpendicular to the di- 
rection of the ventricular excitation wave. 
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Fig 4.—Three electrode signals from exploring probe are totaled 
and filtered into one signal that goes to signal threshold 
comparator. When signal exceeds threshold adjusted for normal 
myocardium, alarm is generated. When signal does not exceed 
threshold, no alarm is produced, indicating that probe is on in- 
farcted myocardium. 
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Fig 6.—Recordings from experimental infarct in dog. Alarm is 
generated when probe is on normal myocardium because ampli- 
tude of electrogram exceeds threshold. As probe is moved to 
area of infarcted myocardium, amplitude of electrogram no 
longer exceeds threshold and no alarm is generated. 


The Conduction Cardiograph 


The conduction cardiograph is on the right side of the control 
panel (Fig 3). It is composed of patient isolation transformers, a 
summing amplifier, and a signal filter. The three bipolar signals 
from the surface probe enter the conduction cardiograph and pass 
through isolation transformers to insure patient safety against an 
inadvertent electrical discharge. The summing amplifier electron- 
ically calculates the output of each of the three electrode pairs. 
This single wave form combines all the features of each of the in- 
dividual wave forms. 


The Signal Threshold Comparator 


The calculated wave form is presented to the signal threshold 
comparator, which is an electronic peak detector preset by a gain 
control for normal myocardium. When the signal from the probe 
exceeds the preset threshold, an electronic switch is activated and 
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Fig 7.—Ventricular aneurysm at operation with indistinct margins. Left, Surface probe is on area with normal electrogram results. Right, 
Probe is on area in which electrogram results are markedly reduced in amplitude. This area was center of aneurysm. 


an alarm is generated. When the probe is placed on an area of in- 
farcted myocardium, the electrogram amplitude does not exceed 
the threshold setting and no alarm is generated. 

The operation of the system is simple (Fig 4). The surgeon first 
calibrates the signal threshold comparator by placing the probe on 
an area of normal myocardium. The gain of the electrogram wave 
form is adjusted to the setting that generates an alarm with each 
ventricular activation. The probe is then placed on the area of 
myocardium in question. If the amplitude of the electrogram ex- 
ceeds the threshold previously set, an alarm is generated, which 
indicates that the probe is on normal myocardium. However, if the 
electregram does not exceed the threshold, no alarm is sounded, 
which indicates that the myocardium is not viable. The transition 
from normal to infarcted myocardium is illustrated in Fig 5. 


RESULTS 


The system was initially tested in 20 dogs with experi- 
mentally created infarcts of varying wall thickness. There 
was a noticeable and reproducible reduction in the ampli- 
tude of the electrogram whenever transmural infarction 
was present (Fig 6). The area of infarction was always 
easily and reliably identified with the instrument without 


- the need of a second observer’s visual analysis of the 


electrogram. 

Since Jan 1, 1975, we have used this system to explore 
the ventricles of patients undergoing aortocoronary by- 
pass grafts before and after revascularization. The only 
consistent change we have noticed after revascularization 
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has been myocardial death at the site of the ventricular 
sump. This may have accounted for the occasional postop- 
erative elevation of myocardial creatine phosphokinase 
isozyme without the appearance of new Q waves in the 
electrocardiogram. We now insert the vent through the 
left atrium. 

The system has been a useful adjunct in evaluating ven- 
tricular aneurysms at operation: when visual inspection 
was not helpful. Figure 7 illustrates a ventricular aneu- 
rysm with indistinct margins. Although the epicardial 
surface appeared to be infarcted in several areas, the 
electrogram signal was excellent and only that area hav- 
ing a reduced signal amplitude was resected. We have not 
had the opportunity to use the system clinically for identi- 
fication of the acutely infarcted myocardium; however, 
this has been tested experimentally and was found to be 
very accurate. This may prove to be a further contribution 
of this technique. 
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Analysis of 4,522 Consecutive Patients 
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e A consecutive series of 4,522 patients who received aorto- 
coronary bypass (ACB) from October 1969 through December 
1974 has been analyzed with respect to cumulative (actuarial) 
survival, cause of late death, and late postoperative complica- 
tions. Through December 1973, 2,676 patients received ACB 
alone. Cumulative survival was 85.9% for five years. Late cu- 
mulative mortality averaged 2.7% per year. Causes of death were 
myocardial in origin in only 60.4% of the patients. Late complica- 
tions of nonfatal myocardial infarction occurred in 4.1% of the 
patients, and congestive heart failure occurred in 10.2%. How- 
ever, preoperative congestive heart failure was present in 25% of 
these subjects. Mortality in 1974 was 3.4% in patients who un- 
derwent ACB only, and 4.2% for all patients who received ACB 
procedures (1,478 patients). Comparison to previous medical 
data makes it appear that this surgery increased the actuarial 
survival over long-term follow-up. 

(Arch Surg 110:1419-1424, 1975) 


pe success of coronary artery surgery in the treat- 
ment of coronary artery occlusive disease has been 
measured by many indexes. Operative mortality in se- 
lected or consecutive series has been the most frequently 
used indicator of success. Improved performance of the 
left ventricle, angiographic studies of graft patency, post- 
operative stress electrocardiograms, and tension time 
index measurements have been used in an attempt to 
quantitate success. Improvement or change in clinical 
status has also often been quoted as a standard of com- 
parison. Random studies have been attempted and are in 
progress, although few have been truly random.: Late cu- 
mulative survival has seldom been expressed in terms of 
coronary artery bypass alone or in terms of coronary by- 
pass with combined procedures.** Late complications have 
not been reported with frequency.*’? This study 
presents a consecutive series of patients undergoing coro- 
nary artery bypass with respect to long-term survival and 
late complications. Although there are inherent limita- 
tions in a large-volume study, especially in the face of 
changing and improving techniques, it is hoped that some 
standard or guideline in the long-term follow-up of the 
many patients undergoing coronary artery surgery can be 
eC eee ce NF A 
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established, and that trends in the progressive improve- 
ment in selection of patients, patient care, and surgical 
techniques may be analyzed. 


SUBJECTS AND METHODS 


From October 1969 through December 1974, 4,522 patients at 
the Texas Heart Institute underwent aortocoronary bypass (ACB) 
due to coronary artery occlusive disease. This consecutive series 
did not exclude any patients who underwent ACB during that 
time period. Coronary bypass was performed as the sole procedure 
in 3,945 patients. The remainder of the patients received ACB 
combined with other of the following procedures: 227 received 
treatment for aneurysm of the left ventricle; 181 underwent aortic 
valve procedure; 105 underwent mitral valve procedure; and 64 pa- 
tients underwent other cardiac or adjacent procedures. Of the en- 
tire series of 4,522 patients, 3,044 subjects underwent ACB from 
October 1969 through December 1973, and 2,676 of these under- 
went ACB alone, while 368 underwent procedures combined with 
ACB. Because the group undergoing surgery through December 
1973 was available for at least a one-year follow-up at the time of 
this report, the emphasis has been placed on this group. However, 
other comparisons have been made between the earlier and later 
series to show more recent trends in decreasing early and late 
mortality. 

“Early death” was defined as a death that occurred either in- 
traoperatively or up to the first 30 days after surgery. “Late 
death” was defined as a death that occurred in the follow-up pe- 
riod through 1974. Follow-up data were obtained by a number of 
methods. Every six months during this study period, an attempt 
at follow-up of all patients was made either through personal con- 
tact with the patient or through a questionnaire sent to the at- 
tending physician or the patient. The six-month follow-up pattern 
was well established, and follow-up data were obtained in over 
90% of the entire group of patients who survived. Some of these 
patients underwent routine postoperative cardiac catheterization. 
Stress ECGs were taken of many others who underwent other pro- 
cedures that determined ventricular function. These subjects were 
selected patients, and in general, the results of these studies will 
be reported separately and have been excluded from this report. 
The emphasis in this report has been on long-term survival. 


Clinical Data 


Previous reports have analyzed the preoperative status of the 
patient and the basis of selection for surgery.* In general, preop- 
erative characteristics were all the same as our previously re- 
ported groups.** The average age was 53 years and ranged from 
23 to 76 years. In the group receiving ACB alone, there were 3,415 
men and 530 women. (Women thus comprised 14% of the group.) 
Angina pectoris was the major initial problem in almost all pa- 
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Table 1.—Overall Mortality and Number of Grafts in 1974* 











No. of No. of pct ath 

Grafts Patients % Early Late 
Single 134 10.5 3.0 i 
Double 408 32.2 3.4 0.3 
Triple 586 46.2 3.6 0.3 
Four, flve, six 141 11.1 3.6 





* In 1974, 1,269 patients received ACB alone. The average early 
mortality was 3.4%; the average late mortality was 0.2%. 


Table 2.—Overall Mortality in Aortocoronary Bypass*t 


10/69 to 12/73 
Mortality, % 


1/74 to 12/74 


Mortality, % 
No. of X a 


—_————_ . m 
Patients Early Late Patients Early Late 
2,676 6.3 4.0 1,269 3.5 ' 0.2 


Procedure 
ACB alone 
ACB with: 

Aneurysm 

of left 
ventricle 137 

Aortic valve 121 

Mitral valve 70 

Other 40 


* From 10/69 to 12/73, the overall early mortality (for 3,044 patients) 
was 7.8%, and the overall late mortality was 4.7%. 

+ From 1/74 to 12/74, the overall early mortality (for 1,478 patients) 
was 4.2%, and the overall late mortality was 0.04%. 


11.7 
24.8 
21.4 
20.0 


10.9 
5.0 
17.1 
7.5 


tients, although congestive heart failure was present in approxi- 
mately one fourth of the patients. Congestive heart failure alone 
rarely was an indication for coronary artery bypass (2%). Inci- 
dence of myocardial infarction was present in 80% of the patients 
in their history or through evidence of electrocardiographic 
changes. 

Coronary cinearteriograms and ventriculograms were taken of 
all patients prior to coronary artery bypass. Most patients re- 
ceived preoperative stress ECGs and underwent other studies that 
evaluated ventricular function. The coronary artery score of 
Friesinger and co-workers? was used to classify patients. Ventric- 
ular function was recorded as normal or as slightly, moderately, or 
severely impaired. This classification was determined on the basis 
of the ejection fraction and analysis of the ventriculogram. The 
results of the ventriculograms showed that over 60% of the pa- 
tients had some degree of ventricular impairment. 

The indications for ACB have varied somewhat during the time 


_ period of this study. Although there has been some degree of ini- 


tial selection by the referring cardiologist, we have tended toward 
the aggressive side in the surgical treatment of the patient with 
severe coronary artery occlusive disease. This includes a rather 
large group of patients with poor ventricular function, diffuse cor- 
onary arteriosclerosis, ventricular hypertrophy, and the end stage 
of coronary arteriosclerosis, especially in the case of aortic and 
mitral valve disease or aneurysm of the left ventricle. Many of 
these patients were rejected by other centers, which indicates that 
our entire series leans toward a group with a higher risk than 
would normally be found. 

Of the 2,676 patients who received ACB alone through Decem- 
ber 1973, 17.1% had single bypass grafts, 49.6% had two bypass 
grafts, 31.3% had three bypass grafts, and 2% had four bypass 
grafts or more. This is in marked contrast to the 1,269 patients 
who received ACB alone in 1974, during which time 57.3% of the 
patients received three bypass grafts or more (Table 1). 
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Mortality 


In our entire series of coronary artery bypass grafts, in- 
cluding patients who had ACB alone or ACB associated 
with other procedures, the overall early mortality was 
7.8% and the overall late mortality up to five years was 
4.7% (Table 2). During 1974, the overall mortality was al- 
most one half less (4.2%) than it was in the series prior to 
that time. The mortality for combined procedures de- 
creased markedly, and for ACB alone it decreased to 3.5%. 

As previously stated by others and in our previous re- 
port*’ the early mortality in women was noticeably higher 
than in men. In the 3,415 men having ACB alone, the early 
mortality was 4.8%, whereas in the 580 women it was 9.2%. 
The late mortality was 2.9% in all men and 1.7% in all 
women. The overall mortality was therefore nearly the 
same in both groups of patients. The late mortality ac- 
counted for less deaths in the female group. Of the 1,269 
patients who had ACB alone in 1974, there was an overall 
mortality of 3.5%. The mortality for men was 2.9%, and for 
the 168 women it was 7.1%. 

The following factors other than sex could be related to 
mortality: (1) advanced age; (2) increased coronary artery 
score; (3) poor function of the left ventricle; (4) diffuse cor- 
onary arteriosclerosis; (5) New York Heart Association 
(NYHA) functional classification; (6) presence of associ- 
ated disease; (7) high ventricular end diastolic pressure; 
(8) prior congestive heart failure; and (9) recent myocar- 
dial infarction within one week prior to surgery. Although 
preinfarction angina carried a higher mortality in the 
series through 1973, in our more recent experience, the 
mortality in preinfarction angina compared favorably to 
that of those patients having elective ACB. Stenosis of 
the left main coronary artery also carried a higher mortal- 
ity, although it has also decreased recently. 


Cumulative Survival 


Cumulative (actuarial) survival was determined in the 
3,044 patients who had ACB alone or with other proce- 
dures from October 1969 through December 1973. Cumula- 
tive survival curves were determined in this group be- 
cause follow-up of at least one year after surgery could be 
obtained. The range of follow-up was from one to five 
years, with more than half of the patients being followed 
up for at least two years. The percent of survival for each 
time period included the early mortality. Cumulative sur- 
vival was calculated for every six-month period by deter- 
mining the number of patients surviving from the entire 
group of patients studied during that time period.’ The cu- 
mulative survival is therefore lower than the overall sur- 
vival rate for each group studied. 

The 457 patients who received single bypass grafts from 
November 1969 through December 1973 had a cumulative * 
survival of 90.2% (Fig 1). Eighteen patients died within 
the first 30 days after surgery (cumulative mortality, 
3.9%). The remainder of the patients were followed up to 
five years after ACB. In the first year, cumulative mortal- 
ity was 1.3%. In the second year, it was 1.4%, the third 
year it was 2.5%, and the last year it was 1%. The high 
mortality in the third year of follow-up probably reflects 
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Fig 1.—Single bypass grafts done from October 1969 to Decem- 
ber 1973. Numerals above line represent number of patients fol- 
lowed up; numerals below line represent number of patients who 
died during that period. Overall survival shown in box is actuarial 
or cumulative survival at last point of study. 
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Fig 3.—Triple bypass grafts done during same period as in Fig 1. 
Structure same as in Fig 1. 
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the incompleteness of the surgery performed on patients 
early in the series, since most of the patients with mul- 
tiple vessel disease had single grafts. 

The 1,328 patients who had two bypass grafts had the 
lowest cumulative survival rate (85.1%). This again proba- 
bly reflects the incompleteness of the surgery or very se- 
, vere cases of coronary arteriosclerosis in which more than 
two grafts could not be placed. In the 1,328 patients, the 
cumulative survival rate after the first 30 days following 
surgery was 94.1% (Fig 2). It decreased to 2.5%, 2.7%, and 
3.6% over the next three years, and after 3% years, it was 
1.2%. Once, again, a slightly higher cumulative mortality 
occurred three years after surgery. 

In the 835 patients who received three bypass grafts, 
the cumulative survival rate was 87.2% (Fig 3). The early 
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Fig 2.—Double bypass grafts done during same period as in Fig 1. 
Structure same as in Fig 1. 


PER CENT 
SURVIVAL 


Overall survival to 12/74 | 92.6% 





30 6 12 18 24 
days Months 


Fig 4.—Four or more bypass grafts done during same period as in 
Fig 1. Structure same as in Fig 1. 


mortality of 8.4% was the highest in all groups of patients 
who underwent surgery through 1973. Changes in tech- 
nique of myocardial preservation have accounted for a 
much lower early mortality (3.6%) in the 1974 group. Nev- 
ertheless, the overall late mortality was less at 2.8% with a 
cumulative mortality in the first year of 1.8%. The second 
year, it was 2.2%, and the third year, it was only 0.7%. 
Only 56 patients received four bypass grafts or more 
through 1973. The cumulative survival rate in that group 
was 92.6% (Fig 4). The early mortality was 5.4%, and only 
one patient died in the follow-up period up to two years 
after surgery. The short duration of the follow-up resulted 
because these procedures were done later in the series. 
In all 2,676 patients who had ACB alone in the time pe- 
riod studied, the early mortality was 6.3% and the cumula- 
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Fig 5.—Cumulative survival for entire series of patients studied up 
to five years. Current operative and late mortality are lower (see 
text). Broken line represents cumulative survival as reported by 
Bruschke et al." 


tive survival up to 60 months of follow-up was 85.9%. The 
yearly cumulative mortality followed relatively the same 
trend as the rate when the number of grafts was taken 
into consideration. The first year, the cumulative mortal- 
ity was 2.1%, the second year it was 2.4%, the third year it 
was 3.92%, and the fourth year it was 1.25%. There were 
no deaths recorded in the last year, although there were 
only 15 patients available for follow-up. Thus, the trend of 
survival in surgically treated patients could be developed 
by following up this large group of patients. Some at- 
tempts have been made to compare the cumulative sur- 
vival of patients treated surgically with the cumulative 
survival of the group who did not undergo surgery re- 
ported by Bruschke and colleagues." Although true com- 
parisons cannot be made because of the obvious dis- 
similarities in both groups, the cumulative survival rate of 
85.9% at 54 months compares quite favorably to Bruschke 
and co-workers’ cumulative survival of 64.4% at the same 
time period (Fig 5). 

The cumulative survival for resection of an aneurysm of 
the left ventricle and ACB in 187 patients was 76%. The 
early mortality was 11.7%, and at two years, the cumula- 
tive survival rate was 76%. From two years to 4% years af- 
ter surgery, there were no deaths. Therefore, the overall 
survival rate up to 414 years after resection of aneurysm 
of the left ventricle was 76%. 

In patients who had procedures on the aortic valve (aor- 
tic valve replacement, commissurotomy or valvoplasty) 
concomitantly with ACB, there were six late deaths in the 
91 surviving patients. The early operative mortality was 
quite high and was reflected in cumulative survival of 
70.8% at 48 months of follow-up. | 

In the 70 patients who received mitral valve procedures 
(annuloplasty, mitral valve replacement or commissurot- 
omy) with ACB, there were 12 deaths in the 55 surviving 
patients. The cumulative survival of 53.2% at 48 months 
was the lowest of all groups. This showed that the end 
stage of cardiac disease was present. 
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In the 40 patients with other cardiac or adjacent proce- 
dures, there were 32 patients available for follow-up to 48 
months. There were three deaths in that group; however, 
the cumulative survival of 71.9% was low and reflected a 
high operative mortality. Some of these patients had 
emergency surgery because of acute rupture of the ven- 
tricular septum, papillary muscle, or myocardium. 


Causes of Late Mortality 


In the 2,507 patients who underwent ACB alone from 
October 1969 through December 1973, 106 late deaths (be- 
yond 30 days after surgery) occurred. 


Cause No. of Patients 
Myocardial infarction 28 
Congestive heart failure 25 
Cardiac arrhythmia 11 
Cerebrovascular insufficiency 8 
Cerebrovascular hemorrhage 5 
Carcinoma 11 
Pneumonia 1 
Renal failure 1 
Hemorrhage (anticoagulants) 1 
Perforated duodenal ulcer 1 
Liver failure 1 
Trauma 1 
Murder 1 
Suicide 1 
Unknown 10 
Total 106 


Myocardial infarction, chronic congestive heart failure, 
and cardiac arrhythmia were the largest causes of late 
death, and 60.4% of all known late deaths had myocardial 
causes. Since 25% of the patients had congestive heart 
failure preoperatively, most patients with postoperative 
congestive heart failure were those who had the condition 
prior to surgery. 


Late Complications 


Nonfatal myocardial infarction occurred in 4.1% of all 
the surviving patients followed up to five years after coro- 
nary artery bypass. Patients with single bypass grafts 
had the greatest instance of infarction (Table 3). This 
again reflects our earlier experience utilizing single grafts 
for multiple vessel disease in the first year of the analysis. 
Only 1.9% of the patients with four or more grafts had 
myocardial infarction. However, the time of follow-up was 
not as great. In the patients with three grafts, only 2.4% 
had postoperative myocardial infarction. Most of these pa- 
tients underwent complete surgery in which the major 
diseased arteries were grafted. 

Congestive heart failure occurred in 10.2% of the surviv- , 
ing patients up to five years of follow-up. Since 25% of the 
patients had congestive heart failure preoperatively, this 
incidence is understandable. 


Clinical Status 


Previous reports of clinical status after multiple A€B 
grafts have shown that over 90% of the patients are im- 
proved or asymptomatic.” Our findings are similar to 
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those reported previously, and once again correlate with 
the completeness of the operation and the preoperative 
status of the patient. 


Reoperation 


Only 31 patients of the 2,507 surviving patients who un- 
derwent surgery through 1973 had a second ACB proce- 
dure at our institution through 1974 for recurrence or new 
symptoms (Table 4). Although only 17% of the entire 
series had single grafts, 35% of the patients who under- 
went a second revascularization procedure had a single 
graft as the original ACB procedure. The time from the 
original operation to the second ACB ranged from 2 to 52 
months. The duration to the second procedure was highest 
in the patients who had single grafts at the original oper- 
ation, while the occlusion rate was lowest. This reflects ei- 
ther incompleteness of the operation or progression of dis- 
ease. Only one of the 11 grafts in the single bypass group 
was occluded, while 12 of 32 grafts in the 16 patients who 
had double grafts, and four of 12 grafts occluded in the 
four patients who had triple bypass grafts prior to reoper- 
ation. Only one patient in this group died, and that pa- 
tient had an attempt at reoperation following a poor re- 
sult because of diffuse coronary arteriosclerosis. It appears 
that graft occlusion was not a major factor in determining 
reoperation in this small group of patients. The incom- 
pleteness of the original operation or progression of the 
disease was more important. 


COMMENT 


Success of coronary artery bypass procedures has all too 
often been determined by survival alone during the peri- 
operative period. There have been few reports of long- 
term survival and few attempts to determine cumulative 
survival. In addition, most reports have been series se- 
lected to reflect the best operative mortality. Further- 
more, most comparative studies of medical vs surgical 
treatment or studies showing the result of coronary artery 
bypass procedures have included earlier series of patients 
done from 1969 through 1972, while techniques were being 
developed and mortality was higher. The decline in mor- 
tality reported by most centers has been very gratifying 
as expertise has been developed. In this report we attempt 
to present a factual analysis of a large volume of patients 
done from the first coronary artery bypass procedure in 
which a saphenous vein graft was done utilizing cardio- 
pulmonary bypass and techniques that set the pattern for 
future coronary bypass procedures. Although this proce- 
dure was done in 1969 at our institute, previous experience 
with congenital coronary anomalies and isolated coronary 
artery procedures for coronary arteriosclerosis dated back 
to 1963." Long-term follow-up was reported in this group 
of patients.'” 

It is of interest that myocardial-related late mortali- 
ty accounted for only 60.4% of the known deaths. If all 
the unknown causes were included as possible myocardial 
causes, then 67% of the late mortality would have resulted 
from myocardial problems. Because of the age group of 
patients subjected to surgery and their general condition, 
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Table 3.—Late Complications in 2,507 Survivors 


% Myocardial % Congestive 









No. of Grafts Infarction * Heart Failuret 
Single 5.5 10.5 
Double 4.9 11.3 
Four or more 1.9 7.5 






* Myocardial infarction occurred in 4.1% of the surviving patients 
up to five years of follow-up. i 

+ Congestive heart failure occurred in 10.2% of the Surviving pa- 
tients up to five years of follow-up. 


Table 4.—Reoperation in 2,507 Surviving Patients 


Original Operation 


. Double 
No. of patients 


Time, mo* 
Mean 


Range 
Occluded grafts 
No. of grafts 
Died 


* Indicates number of months from original operation to reopera- 
tion. 


there is a natural attrition rate. The apparent high inci- 
dence of postoperative congestive heart failure is actually 
low when the number of patients with congestive heart 
failure is taken into consideration. More complete follow- 
up studies have been done on isolated segments of this pa- 
tient population for determination of the long-term ef- 
fects of ACB on ventricular function along with postoper- 
ative response to exercise and graft patency. These 
important studies are part of the ongoing analysis of se- 
lected groups of patients. The data presented here are 
merely data by which comparisons can be made for cu- 
mulative survival to demonstrate the merits of coronary 
artery surgery in coronary arterial occlusive disease. Com- 
puter analysis in the future will hopefully allow us to 
examine the many factors essential in the selection of pa- 
tients for coronary artery bypass surgery. 

The incidence of perioperative myocardial infarction in 
our earlier group (through 1972) was 14%. In a more recent 
series of 300 consecutive patients examined for increase, 
new Q waves, or change in cardiac enzymes, the incidence 
of perioperative myocardial damage was 4%. The postop- 
erative course was not affected in general by these 
changes. Cohn et al? compared cumulative survival follow- 
ing ACB to the series of patients who did not undergo sur- 
gery reported by Bruschke and co-workers.'® The series 
was selected and excluded patients with previous conges- 
tive heart failure. Their results were quite satisfactory 
and demonstrated a better postoperative course than a 
similar group of medically treated patients. 

There is no question that the early mortality in our 
series has decreased markedly with each year of experi- 
ence. On the other hand, the present mortality of 3% prob- 
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ably represents a plateau of achievement in the face of 
the amount of high-risk patients presented to us for sur- 
gery. Even more important in the analysis of these data is 
the substantial decrease in mortality in aortic valve re- 
placement, mitral valve replacement, resection of aneu- 
rysm of left ventricle, and secondary procedures accom- 
panied with ACB. This represents a more concerted effort 
toward myocardial preservation during the procedure and 
not a change in patient selection, since most of the pa- 
tients with combined procedures had previous congestive 
heart failure and were in NYHA class IV. The late 
mortality should be similarly affected. Nevertheless, on the 


basis of the actuarial analysis of late survival including 
operative mortality, it appears that survival has been 
favorably affected by ACB when comparison is made to 
data available on treatment that does not include surgery. 
The absolute survivals likewise appear acceptable even in 
this series of patients prior to the current improvements in 
results. The late complication rates also favor the merits of 
ACB in this group of patients with severe coronary artery 
disease. 


Mary McReynolds RRA, MPH, provided technical assistance in the prep- 
aration of this manuscript. 
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Discussion 


LAWRENCE S. Coun, MD, Boston: I would like to ask Dr Reul one 
question. The single vessel disease statistics in the medically 
treated groups presented by the Johns Hopkins and Alabama 
groups are almost superimposable on the long-term survival sta- 
tistics discovered in studies such as those of myself, Dr Spencer, 
and other groups. Could Dr Cohn give us his thoughts regarding 
the indications for single coronary artery bypass? 

Warty S. Bucs, MD, Palo Alto, Calif: I would like to ask Dr 
Reul what he thinks about patients with positive exercise studies 
and triple vessel coronary disease without angina. 

Dr REUL: In answer to Dr Cohn, at the present time we believe 
that single coronary artery bypass is indicated in patients who 
have substantial proximal occlusive disease and angina pectoris 
with abnormal stress ECGs. This is especially true in patients who 
have high-grade stenosis of the left anterior descending coronary 
artery above the first diagonal branch. 

Single bypass grafts for single vessel disease actually. have 
lower mortality than is shown by our data presented today. Single 
bypass grafts were done early in our series in patients who had 
double and triple vessel disease; a higher mortality occurred in 
this group since incomplete operations were done. It is difficult to 
improve survival of the medically treated series you have men- 
tioned, but the cumulative survival in patients who are surgically 
treated by single grafts for single vessel disease will eventually be 
better after a longer follow-up. In addition to improving survival 
or at least paralleling the medically treated group, relief of chest 
pain and prevention of myocardial infarction should be further 
goals. Overall late myocardial infarction occurred in only 4.1% of 
all our patients. 

In answer to Dr Buch, angina is a subjective complaint and may 
therefore be elicited from most patients with careful discussion. 
An abnormal stress ECG is much more important. If the patient 
would have somehow been subjected to coronary arteriogram 
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without angina, and if severe coronary artery occlusive disease 
was present with an abnormal stress ECG, we would perform cor- 
onary artery bypass. Noticeable high-grade proximal stenosis 
should be present and other indications and contraindications 
must be considered. 

Dr Spencer stated that he was very curious about our actuarial 
curves, which are almost identical for single, double, and triple 
grafts. The early (30-day) mortality increased with the number of 
grafts done, but the late mortality decreased. This balanced out 
the cumulative survival curves. Since 1974, our early mortality has 
not been different with respect to the number of grafts; therefore, 
the survival curves will be different for these groups. Moreover, 
many patients with multiple vessel disease did not have complete 
operation earlier in the series, which made mortality higher for 
single and double grafts. 

Regarding Dr Spencer’s question about data on graft patency 
or function of the left ventricle in late mortality, we do not have 
graft patency data on all 4,500 patients. However, there have been 
postoperative studies done on selected groups of patients, namely, 
the first 350 patients and other patients who had persistent or se- 
vere symptoms following surgery and who underwent routine 
studies by a few cardiologists. Some of these data have been re- 
ported separately. Patency rate after saphenous vein graft was 
approximately 85% in the first group of patients studied. In those 
with symptoms after surgery it was less. The rate is the lowest af- 
ter endarterectomy, but these are the worst vessels. 

We do not always perform the endarterectomy. Approximately 
5% of the time we perform it on coronary artery if there is no 
other alternative. These patients initially have occluded vessels, 
and the postoperative long-term patency rate has been reported 
between 37% and 50%. Many endarterectomies were done early in 
the series, presently we avoid endarterectomy whenever possible. 
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Special Commentary 





“The Doctor’s Dilemma” 


n the May 1975 edition of 
Harper’s Magazine, Dr George 
Crile, Jr, has published an article, 
“The Doctor’s Dilemma.” In it he 
describes the problems that confront 
the surgeon when he is asked, or asks 
himself, to choose a simple operation 
over a more complicated one. The au- 
thor contends that, even though the 
simpler procedure has been shown to 
be as effective, the greater surgical 
fee generated by the larger operation 
often influences the choice. There is 
thus a conflict of interest. He further 
states that even if this stimulus did 
not exist, the surgeon is prone to 
choose the complicated operation for 
another reason, Funktionlust, de- 
fined by Konrad Lorenz as the innate 
hunger of any professional to use to 
the utmost his or her highly devel- 
oped skill. 

Such are the discoveries that Dr 
Crile has chosen to release in the lay 
press. I found his statement of the 
problem, although not entirely com- 
plete, to be clear and the points un- 
deniable. They have bothered many 
people for years. And so I hastened to 
read the remedies he might suggest. 
But, alas, when I did so, my hopes 
were dashed. To suppress the urge to 
select the more complicated oper- 
ation, he recommends that surgeons 
should be paid on a salary basis. But 
he quickly admits that this does not 
solve the abuses generated by Funk- 
tionlust. And then, bewilderingly, he 
suggests that it would be better not 
to abolish fee-for-service for nonsur- 
geons. According to Dr Crile, inter- 
nists, in contrast to surgeons, need 
monetary incentives to treat their pa- 
tients with concern and dispatch. This 
he holds even while admitting that 
abuses can arise therefrom, such as 
prescribing more expensive drugs or 
methods of administration. But some- 
how he has decided that their “deci- 
sions are not so dramatic nor so ir- 
reVersible as in surgery.” Thus, the 
remedies he proposes are confused, 
without handles. 
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I said that his statement of the 
problems was not entirely complete. 
Let me illustrate. First, he has not 
come to grips with the question of 
why a surgical fee is larger for a “big- 
ger” operation. It is not the time 
spent—God knows the primary care 
physician may devote more time than 
the surgeon does to a patient sus- 
pected of having appendicitis. It is 
not expertise—the same physician 
often has the greater responsibility in 
deciding late in the evening whether 
the patient should go to a hospital or 
ride it out overnight at home. It has 
to do with the implication that the 
more complex the operation and the 
greater the alleged risk to the pa- 
tient, the greater should be the re- 
ward for the surgeon’s skill. This is 
hard to deny, yet I am haunted by the 
thought that the insurance carriers 
who pay the fees and the subscribers 
who provide the funds may not con- 
sider this appropriate in a system 
where fee-for-service is abolished. 
Far be it from me to argue that the 
“nine-to-five” doctor should be paid 
the same as the surgeon who stays 
overnight or comes in at night, but 
this does happen in government ser- 
vices. And if the leveling of salaries 
between specialists were to even- 
tuate, what would become of the sal- 
ary edifice now making surgically 
dominated organizations such as the 
Cleveland Clinic so comfortable for 
its outstanding surgeons? 

Another point submerged by Dr 
Crile’s exposition is the “other side of 
the coin.” If all American surgeons 
were paid on a salary basis, and if Dr 
Crile’s eloquence could convince them 
that the simpler operations really are 
the best, consider the consequences. 
The acceptance of such treatments 
for cancer over the more radical ones 
takes time—a generation of patients 
must demonstrate the value of the 
new methods. And a generation of 
surgeons has to shift gears from prac- 
tices that they learned were effective 
when they were in hospital training. 


As the conservative methods emerge 
to be tested, their very simplicity 
surely will tempt the salaried surgeon 
to adopt them before they are proved. 
Clinical trials by competent, con- 
cerned, and dispassionate persons are 
essential, but widespread use before 
their establishment could mean dis- 
aster. Fee-for-service, repugnant as 
the mercenary motive in medicine 
may be, is a good check on this even- 
tuality. It can hold the fort until the 
adversary wins or loses it. Or perhaps 
Dr Crile thinks that Funktionlust 
might step in here as a salutary force. 

Under the present system, simpler 
methods are indeed being used. The 
endoscopic removal of colonic polyps 
cannot now be gainsaid. A revival of 
laparoscopy is eliminating some ex- 
ploratory abdominal operations in 
cancer patients. Medical treatment 
of hyperthyroidism by radioactive 
iodine has gained ascendancy over 
operation. Conservative methods of 
treating advanced lung and esoph- 
ageal cancers are replacing the heroic 
resections of yore. 

Over the years Dr Crile has carried 
torches to startle the profession. He 
has done so eloquently and with rel- 
ish. This might be called his own par- 
ticular brand of Funktionlust. The 
profession almost relies on him, per- 
haps needs him, in this role. But his 
attempt to make the wagon go faster 
than its structure permits, by venti- 
lating matters first for nonmedical 
readers, might do more harm than 
good. We, at this point, do not need a 
renewed avalanche of malpractice 
suits. Although some fear that the 
Harper’s article may generate it, I 
am reasonably confident that the case 
as presented is sufficiently incomplete 
and the practical implications of his 
solutions so hard to grasp that this 
will not occur. I hope I am not whis- 
tling in the dark. 

RICHARD WARREN, MD 
319 Longwood Ave 
Boston, MA 02115 
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AMA Auxiliary. 
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Santyl® (collagenase) 
indications: Santy! Ointment is indicated for debrid- 
ing dermal ulcers and severely burned areas. In other 
types of necrotic skin lesions reports on the use of 
Santyl Ointment have been limited to clinical observa- 
tions without controls. 


Contraindications: Application is contraindicated in 
patients who have shown local or systemic hypersen- 
Sitivity to Collagenase. 


Precautions: The enzyme's optimal pH range is 7 to 
8. Lower pH conditions have a definite adverse effect 
on the enzyme’s activity, and appropriate precautions 
should be taken. 


The enzymatic activity is also adversely affected by 
detergents and hexachloropnhene and heavy metal ions 
Such as mercury and silver which are used in some 
antiseptics. When it is suspected such materials have 
been used, the site should be carefully cleansed by 
repeated washings with normal saline before Santyl 
Ointment is applied. Soaks containing metal ions or 
acidic solutions such as Burow's solution should be 
avoided because of the metal ion and low pH. Cleans- 
ing materials such as hydrogen peroxide or Dakin's 





solution do not interfere with the activity of the enzyme. 


Debilitated patients should be closely monitored for 
systemic bacterial infections because of the theoreti- 
cal possibility that debriding enzymes may increase 
the risk of bacteremia. 


The ointment should be confined to the area of the 
lesion in order to avoid the risk of irritation or macer- 
ation of normal skin. 


A slight erythema has been noted occasionally in the 
Surrounding tissue particularly when the enzyme oint- 
ment was not confined to the lesion. This can be read- 
ily controlled by protecting the healthy skin with a 
material such as Lassar's paste. 


Since the enzyme is a protein, sensitization may de- 
velop with prolonged use although none has been 
observed to date. 


Adverse Reactions: Adverse reactions tc Collagenase 
have not been noted when used as directed. 


Dosage & Administration: Santy! Ointment should be 
applied once daily (or once every other day in the 
case of outpatients) in the following manner. 


(1) Prior to application the lesions should be gently 
cleansed with a gauze pad saturated in normal saline, 
buffer (pH 7.0-7.5) or hydrogen peroxice to remove 
any film and digested material. 


(2) Whenever infection is present, as evidenced by 
positive cultures, pus, inflammation or odor, it is de- 
sirable to use an appropriate topical antibacterial agent. 
Neomycin-Bacitracin-Polymyxin B (Neosporin) has 
been found compatible with Santy!l Cintment. This 
antibiotic should be applied to the lesion in powder 
form or solution prior to the application of Santy! 
Ointment. Should the infection not respond, therapy 
with Santyl Ointment should be discontinued until 
remission of the infection. 


(3) Santy! Ointment should be applied (using a wooden 
tongue depressor or spatula) directly to deep wounds, 
or, when dealing with shallow wounds, to a sterile 
gauze pad which is then applied to wound. The wound 
is covered with sterile gauze pad and secured with- 
clear tape or Kling bandage. 


(4) Crosshatching thick eschar with a #11 blade is 
helpful. It is also desirable to remove as much loos- 
ened detritus as can be done readily w th forceps and 
SCİSSOTS. 


(5) All excess ointment should be removed each time e 
dressing is changed. 


(6) Use of the ointment should be terminated when 
sufficient debridement of necrotic tissue has taken 
place. 7 


Overdose: Action of the enzyme may be stopped, 
should this be desired, by the application of Burow's 
solution U.S.P. (pH 3.6-4.4) to the lesion. 


How Supplied: Santy! Ointment contains 250 units of 
Collagenase enzyme per gram of white petrolatum 
U.S.P. The potency assay of Collagenase is based on 
the digestion of undenatured collagen (from bovine 
Achilles tendon) at pH 7.2 and 37° C. for 24 hours. 
The number of peptides cleaved are measured by 
reaction with ninhydrin. Peptides released by a tryp- ® 
sin digestion control are subtracted. One net Collage- 
nase unit will solubilize ninhydrin reactive material 
equivalent to 4 micromoles of Leucine. 

. 


RÀ Knoll Pharmaceutical Company 
Whippany, New Jersey 07981 
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vulnerable 





Ones 





A.R. 79 years old M.F. 52 years old M.J. 56 years old 


Cerebral arteriosclerosis, Spinocerebellar multiple sclerosis, 
cerebral thrombosis with degeneration, paraplegia, contractures of lower 
residual right hemiplegia, epilepsy extremities 

vascular insufficiency of 

both legs 


(C) 


e digests native collagen, a 
substance ordinarily resistant 
to all common enzymes used in 
wound debridement 

e dissolves denatured collagen, 
the main constituent of dense 
eschar and necrotic debris 

e dissolves collagenous strands 
that anchor debris to the wound 
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P.J.: One of 17 patients with decubiti successfully e debrides rapidly 

treated with SANTYL* e simple, once-a-day application 
P.J., 83 years old, has Parkinson's disease and general e easy to use; merely cleanse the 
atherosclerosis—conditions that make him particularly bcaa nora salineor 
vulnerable to decubitus ulcers. An ulcer developed on 


ma hydrogen peroxide and apply 
the occipital area of his head and remained resistant to SANTYL 


conventional therapy for one month(A). 
Just ten days after once-daily applications of SANTYL 
¢ began, P.J.'’s ulcer was completely free of necrotic 


e may be used with Neosporin " 
Powder if infection is present 


material, the inflammation had subsided, and fresh e available in 25 gm jars as 

granulation tissue was well established(B). As photo (C) sterile ointment ~En 
demonstrates, 42 days after SANTYL was discontinued, *Rao DB: Collagenase in the treatment of dermal and 
P.J.’s decubitus ulcer was completely healed. decubitus ulcers. J Amer Geriat Soc, to be published. 


Seventeen of 21 nursing-home patients recently treated 
with SANTYL also experienced very favorable results” 
The investigator concluded: 


è SANTYL® Ointment “...is an effective and safe debriding 
agent which promptly attacks necrotic matter and fibers 
* of undenatured collagen, paving the way for granulation, 


epithelization and healing:”* ARSU 11 cola 


See adjoining column for contraindications, precautions, and adverse reactions. 
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DRY THERAPY 





Powder. In shaker-top vials. Especially useful in the 


for moist, oozing lesions 


bacteria found topically. And, since these antibiotics are 


treatment of suppurating or serous discharging lesions, seldom used systemically, the param is spared sen- 


infected ulcers, moist or oozing lesions, and inter- 


triginous areas.* 


A combination of three antibiotics with a spec- 
trum of action encompassing virtually all pathogenic 





NEOSPORIN’ Powder | 





sitization to those antibiotics w 


ich might later be 


required systemically. 


(polymyxin B-bacitracin-neomycin) 


NEOSPORIN® POWDER 

POLYMYXIN B-BACITRACIN-NEOMYCIN 
FOR TOPICAL USE ONLY (NOT STERILE) 
DESCRIPTION: Each gram contains: 
Aerosporin® brand Polymyxin B Sulfate 5,000 
Units; zinc bacitracin Units; neomycin sulfate 
(equivalent to 3.5 mg neomycin base) 5 mg; in a 
special lactose base. 


“INDICATIONS: Based on a review of 
this drug by the National Academy of 
Sciences — National Research Council 
and/or other information, FDA has 
classified the indications as follows: 
“Possibly” effective: For topical adminis- 
tration for the treatment of the listed 
localized infections or for suppressive 
therapy in such conditions: 


Popeye Postoperative and traumatic 
surface wounds, biopsy sites, skin grafts 
and donor sites, dermabrasion. 
Therapeutic (when infected b susceptible 
organisms): Vascular ulcers, decubitus 


ulcers, pyodermas, infected ecgemas, 
infected dermatoses. 
Final classification of the |é#$-than- 


effective indications req further 


investigation. 





CONTRAINDICATIONS: This product is 
contraindicated in those individuals who have 
shown hypersensitivity to any of its components. 
WARNING: Because of the potential hazard of 
nephrotoxicity and ototoxicity due to neomycin, 
care should be exercised when using this 
product in treating extensive burns, trophic 
ulceration and other extensive conditions where 
absorption of neomycin is possible. In burns 
where more than 20 percent of the body surface 
is affected, especially if the patient has impaired 
renal function or is receiving other aminoglyco- 
side antibiotics concurrently, not more than one 
application a day is recommended. 
PRECAUTIONS: As with other antibiotic 
preparations, prolonged use may result in over- 
h of nonsusceptible organisms, including 
ungi. Appropriate measures should be taken if 
this occurs. It is to be noted that the powder is 
not intended for sterile use in surgical pro- 
cedures such as those involving abdominal or 
thoracic body cavities. 
ADVERSE REACTIONS: Neomycin is a not 
uncommon cutaneous sensitizer. Articles in the 
current literature indicate an increase in the 
prevalence of persons allergic to neomycin. 
Ototoxicity and nephrotoxicity have been 
reported (see Warning section). 


Famous Neosporin ® (polymyxin B-bacitracin- 
neomycin) therapy. In convenient powder form. 


DOSAGE AND ADMINISTRATION: Apply 
lightly to the area to be treated as often as 
needed; treatment area may be covered with a 
dressing or left exposed, as desired. In biopsy 
sites, dermabraded areas, etc., the powder may 
be mixed with a little powdered gelatin foam to 
provide concurrent hemostasis. 

SUPPLIED: Shaker-top vial of 10g 

NDC 0081-0744-99. 

Complete literature available on request from 
Professional Services Dept. PML. 


Burroughs Wellcome Co. 
Pr Research Triangle Park 
Wellcome / North Carolina 27709 
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less anxiety 
before surgery. 


Strange surroundings and impending surgical procedures 
may produce acute anxiety in some patients, even though they 
have been carefully counseled and reassured. Injectable Valium? 
(diazepam) (I.M. route preferred) can calm such patients 
promptly while increasing their cooperation and reducing their 
apprehension concerning the procedure. 





Injectable Valium seldom significantly alters vital signs. 
Nevertheless, use care when administering to the elderly 
and very ill patients and to those with limited pulmonary 
reserve because of the possibility of apnea and/or cardiac 
arrest. Resuscitative facilities should be readily available. 


And Valium (diazepam) provides the added benefit of 
reducing the dosage of narcotic analgesics needed by at least 
one-third. In some cases, the use of narcotics may be eliminated 
entirely. Do not mix or dilute Injectable Valium with other 
drugs, hcin A fluids. The 10-mg Tel-E-Ject*disposable 
syringe is especially useful since it provides a convenient method 
of using Valium and at the same time helps assure aseptic handling. 


Less need for 
narcotic analgesics. 





Injectable Valium , 


ready-to-use 2-ml Tel-E-Ject | (di laze pa m) 


(disposable syringes) | 
2-mlampuls | nig cn 
10-ml vials 


: for excessive anxiety prior to surgery 


Before prescribing, please consult complete product information, 
: a summary of which appears on the following page. 
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; for excessive anxiety prior to surgery 


Injecta ble Valiu M (diazepam) 


ready-to-use 2-ml Tel-E-Ject® (disposable syringes) 


Before prescribing, please consult complete product information, 
a summary of which follows: 


Indications: Tension and anxiety states; somatic complaints which 
are concomitants of emotional factors; psychoneurotic states 
manifested by tension, anxiety, apprehension, fatigue, depressive 
symptoms or agitation; symptomatic relief of acute agitation, 
tremor, impending or acute delirium tremens and hallucinosis due 
to acute alcohol withdrawal; adjunctively in: relief of skeletal 
muscle spasm due to reflex spasm to local pathology; spasticity 
caused by upper motor neuron disorders; athetosis: stiff-man syn- 
drome; tetanus; status epilepticus and severe recurrent seizures; 
adjunctively in anxiety, tension or acute stress reactions prior to 
endoscopic and surgical procedures; cardioversion. 


Contraindicated: In infants; in patients with known hypersensitiv- 
ity to the drug; in acute narrow angle glaucoma; may be used in 
patients with open angle glaucoma receiving appropriate therapy. 


Warnings: When used 1.V., the following procedures should be 
undertaken to reduce the possibility of venous thrombosis, phle- 
bitis, local irritation, swelling, and, rarely, vascular impairment. 
Injeet slowly, taking at least one minute for each 5 mg (I ml) 
given; do not use small veins, i.e., dorsum of hand or wrist; ex- 
treme care should be taken to avoid intra-arterial administration 
or extravasation. Do not mix or dilute with other solutions or 
drugs; do not add to 1.V. fluids. 


Administer with extreme care to elderly or very ill and those with 
limited pulmonary reserve because of possibility of apnea and/or 
cardiac arrest; have resuscitative facilities available. When used 
with narcotic analgesic eliminate or reduce narcotic dosage at 
least 43, administer in small increments. Should not be admin- 
istered to patients in shock, coma, acute alcoholic intoxication 
with depression of vital signs. As with most CNS-acting drugs, 
caution against hazardous occupations requiring complete mental 
alertness (e.g., operating machinery, driving). Advise against 
simultaneous ingestion of alcohol and other CNS depressants. 
Withdrawal symptoms (similar to those with barbiturates and 
alcohol) have occurred following abrupt discontinuance (con- 
vulsions, tremor, abdominal and muscle cramps, vomiting and 
sweating). Keep addiction-prone individuals under careful surveil- 
lance because of their predisposition to habituation and depend- 
ence. In pregnancy. nursing women or women of childbearing 
potential, weigh expected benefit against possible hazard to 
mother and child. Not recommended for OB use. 


Precautions: If combined with other psychotropics or anticon- 
vulsants, carefully consider individual pharmacologic effects— 
particularly with known compounds which may potentiate action 
of Valium(diazepam), i.e., phenothiazines, narcotics,.barbitu- 
rates, MAO inhibitors and other antidepressants. Protective 
measures indicated in highly anxious patients with accompanying 
depression who may have suicidal tendencies. Observe usual pre- 
cautions in impaired hepatic function; avoid accumulation in 


**patients with compromised kidney function. Laryngospasm and 


inereased cough reflex are possible during peroral endoscopic 
procedures; use topical anesthetic and have necessary counter- 
measures available. Hypotension or muscular weakness possible, 
particularly when used with narcotics, barbiturates or alcohol. 
Use lower doses (2 to 5 mg) for elderly and debilitated; safety 
and efficacy in children under 12 not established. 


2-mlampuls > 5mg/ml 
10-mi vials 


Adverse Reactions: Drowsiness, fatigue, ataxia, venous thrombo- 
sis and phlebitis at injection site, confusion, depression, dysar- 
thria, headache, hypoactivity, slurred speech, syncope, tremor, 
vertigo, constipation, nausea, incontinence, changes in libido, > 
urinary retention, bradycardia, cardiovascular collapse, hypoten- 
sion, blurred vision, diplopia, nystagmus, urticaria, skin rash, 
hiccups, changes in salivation, neutropenia, jaundice. Paradoxical 
reactions such as acute hyperexcited states, anxiety, hallucina- 
tions, increased muscle spasticity, insomnia, rage, sleep disturb- 
ances and stimulation have been reported; should these occur, use 
of the drug should be discontinued. Cough, depressed respiration, 
dyspnea, hyperventilation, laryngospasm and pain in throat and 
chest have been reported in peroral endoscopic procedures. Iso- 
lated reports of neutropenia, jaundice; periodic blood counts and 
liver function tests advisable during long-term therapy. Minor 
EEG changes, usually low-voltage fast activity, of no known 
significance. 

Dosage: Usual initial adult dose is 2 to 20 mg I.M. or I.V., de- 
pending on indication and severity. Larger doses may be required 
in some conditions (tetanus). In acute conditions injection may 
be repeated within 1 hour, although interval of 3 to 4 hours is 
usually satisfactory. Lower doses (usually 2 to 5 mg) with slow 
dosage increase for elderly or debilitated patients and when 
sedative drugs are added. (See Warnings and Adverse Reactions.) 


I.M. use: by deep injection into the muscle. 


I.V. use: inject slowly, take at least one minute for each 5 mg 

(1 ml) given. Do not use small veins, i.e., dorsum of hand or 
wrist. Use extreme care to avoid intra-arterial administration or 
extravasation. Do not mix or dilute with other solutions or drugs; 
do not add to 1.V. fluids. 


Moderate psychoneurotic reactions, 2 to 5 mg I.M. or I.V. and 
severe psychoneurotic reactions, 5 to 10 mg I.M. or L.V., repeat in 
3 to 4 hours if necessary; acute alcoholic withdrawal, 10 mg I.M. 
or I.V. initially, then 5 to 10 mg in 3 to 4 hours if necessary; 
muscle spasm, 5 to 10 mg I.M. or I.V. initially, then 5 to 10 mg in 
3 to 4 hours if necessary (tetanus may require larger doses); 
status epilepticus, severe recurrent convulsive seizures, 5 to 10 mg 
I.M. or I.V. initially, repeat in 2 to 4 hours if necessary. In endo- 
scopic procedures, titrate I.V. dosage to desired sedative response, 
generally 10 mg or less but up to 20 mg (if narcotics are omitted ) 
immediately prior to procedure; if I.V. cannot be used, 5 to 10 
mg I.M. approximately 30 minutes prior to procedure. As pre- 
operative medication, 10 mg I.M.; in cardioversion, 5 to 15 mg 
I.V., within 5 to 10 min. prior to procedure. Once acute symptom- 
atology has been properly controlled with injectable form, patient 
may be placed on oral form if further treatment is required. 


Management of Overdosage: Manifestations include somno- 
lence, confusion, coma and diminished reflexes. Monitor respira- 
tion, pulse, blood pressure; employ general supportive measures, 
I.V. fluids, adequate airway. Use levarterenol or metaraminol for 
hypotension, caffeine and sodium benzoate for CNS-depressive 
effects. Dialysis is of limited value. 


Supplied: Ampuls, 2 ml, boxes of 10; Vials, 10 ml, boxes of 1; 
Tel-E-Ject® (disposable syringes ), 2 ml, boxes of 10. Each ml a 
contains 5 mg diazepam compounded with 40% propylene glycol, 
10% ethyl alcohol, 5% sodium benzoate and benzoic acid as 
buffers, and 1.5% benzyl alcohol as preservative. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 071i0 
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inappropriate Use of Diuretics in Surgical Patients 
Samuel R. Powers, MD, Albany, NY 


A PANEL BY CORRESPONDENCE 


Morbid Obesity 


Edward R. Woodward, MD (Guest Editor), Gainesville, Fla; 
J. Howard Payne, MD, Los Angeles; Peter A. Salmon, MD, 
Edmonton, Alberta, Canada; J. Patrick O’Leary, MD, Gainesville, Fla 
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Studies of the Pain Produced by Mafenide Acetate Preparations in Burns 


Howard N. Harrison, PhD, Rochester, NY; Jerry M. Shuck, MD, 
Albuquerque, NM; Elethea Caldwell, MD, Rochester, NY 


Five percent concentration less painful. 


Discontinuance of Immunosuppression in Renal Transplant Patients 


Milton L. Owens, MD, Los Angeles; J. Gary Maxwell, MD; 
James Goodnight, MD; Mark W. Wolcott, MD, Salt Lake City 


Therapy stopped in six patients; four did not reject. 
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Pancreatoduodenectomy: 
Results When the Operation Is Performed infrequently 


Peter Bloom, MD, Michael L. Steer, MD, Boston 
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Evaluation of Endarterectomy for Aortoiliac and 
Aortoiliofemoral Occlusive Disease 


Toshio Inahara, MD, Portland, Ore 
Long-term patency attributed to the eversion method of 
endarterectomy. 
Calf Blood Flow in Intermittent Claudication 
Sven Jacobs, Theobald Reich, MD, New York 


Measured blood flows did not correlate with severity of subjective 
symptoms. 


EXPERIMENTAL SURGERY 


Host Response to Implanted Dacron Grafts: 
A Comparison Between Mesh and Velour 


Nicholas L. Tilney, MD, Paul J. Boor, MD, Boston 
Mesh superior to velour with respect to capsular healing. 
Pseudomonas aeruginosa Infection in Mice 
After Treatment With Cyclophosphamide 
James B. Grogan, PhD, Jackson, Miss 
Normal doses did not affect infections: high doses did. 


Microbial Growth in Lipid Emulsions Used in Parenteral Nutrition 


M. Ann Melly, PhD; H. C. Meng, MD, PhD; 
A William Schaffner, MD, Nashville, Tenn 


Although they may support bacterial growth 
they can be administered peripherally. 
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Trauma 





Wherever it hurts, 

Empirin Compound with Codeine 
usually provides the relief 
needed. 
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intervertebral disc 








In general, only pain so severe 
that it requires morphine is 
beyond the scope of 

Empirin Compound with Codeine. 
And Empirin Compound with 
Codeine provides an antitussive 
bonus, when coughing might 

put unwanted stress on 

healing tissues. 


( T prescribing convenience: 
u up to 5 refills in 

6 months, at your discretion 
(unless restricted by state law); 


by telephone order in many states. 


Each tablet also contains: 
aspirin gr 3⁄2, phenacetin gr 212, 
caffeine gr V2. 


Lad / Burroughs Wellcome Co. 
Research Triangle Park 


Wellcome / North Carolina 27709 
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#3, codeine phosphate* (32.4 mg.), gr. Y2 
#4, codeine phosphate* (64.8 mg.), gr. 1 
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WARNINGS 
Patients treated with Nebcin® (tobramycin sulfate, Lilly) the resulting prolongation of serum half-life of the drug 
should be under close clinical observation, because tobra- In the case of overdosage or toxic reactions, peritoneal 
mycin and other aminoglycoside antibiotics have an inher- dialysis or hemodialysis will help remove tobramycin from 
ent potential for causing ototoxicity and nephrotoxicity. the blood. 

Both vestibular and auditory ototoxicity can occur. Serum concentrations should be monitored when fea- 
Eighth-nerve impairment may develop if patients have pre- sible, and prolonged concentrations above 12 meg./ml. 5 
existing renal damage and if Nebcin is administered for should be avoided. Urine should be examined for increased 
longer periods or in higher doses than those recommended. excretion of protein, cells, and casts. 

a3 Tobramycin is potentially nephrotoxic. Renal and eighth- Concurrent and sequential use of other neurotoxic 
nerve function should be closely monitored in patients with and/or nephrotoxic antibiotics, particularly streptomycin, 
known or suspected renal impairment and also in those neomycin, kanamycin, gentamicin, cephaloridine, paroro- 
whose renal function is initially normal but who develop mycin, viomycin, polymyxin B, and colistin, should be . 
signs of renal dysfunction during therapy. Such impairment avoided. s 
may be characterized by cylindruria, oliguria, proteinuria, or Nebcin should not be given concurrently with potent 
evidence of nitrogen retention (increasing BUN, NPN, or diuretics. Some diuretics themselves cause ototoxicity, and 
creatinine). Evidence of impairment in renal, vestibular, or intravenously administered diuretics enhance aminoglyco- 
auditory function requires discontinuation of the drug or side toxicity by altering antibiotic concentrations in serum 
dosage adjustment. and tissue. 
Nebcin should be used with caution in premature and Usage in Pregnancy—Safety of this product for use dusing . 





neonatal infants because of their renal immaturity and pregnancy has not been established. 
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for serious infections including 


septicemia 


Bacterial cultures should be obtained 
prior to and during treatment. 

In patients in whom gram-negative 
septicemia or neonatal sepsis is 
suspected, including those in whom 
concurrent therapy with a penicillin 
or cephalosporin and an aminogly- 
coside may be indicated, treatment 
with Nebcin may be initiated before 
the results of susceptibility studies 
are obtained. The decision to con- 
tinue therapy with Nebcin should be 
based on the results of susceptibility 
studies, the severity of the infection, 
and the important additional 
concepts discussed in the WARNINGS 
box in the prescribing information. 


lower-respiratory-tract 
infections 


Nebcin is indicated in broncho- 
pneumonia, pneumonia, empyema, 
and bronchitis. Most patients treated 
in clinical trials had one or more 

of the following underlying 


` respiratory tract conditions: asthma, 


cor pulmonale, cystic fibrosis, 
emphysema, bronchiectasis, lung 
cancer, empyema, and respiratory 
tract anomaly. 
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urinary tract infections 

Nebcin is indicated in the treatment 
of serious complicated and recurrent 
urinary tract infections. Aminogly- 
cosides, including Nebcin, are not 
indicated in uncomplicated initial 
episodes of urinary tract infections 
unless the causative organisms are 
not susceptible to antibiotics having 
less potential toxicity. 


caused by susceptible strains of 

Pseudomonas aeruginosa 

Klebsiella-Enterobacter-Serratia 
group 

Escherichia coli 

Proteus sp. (indole-positive and 
indole-negative) 

Providencia sp. 

Citrobacter sp. 

Group D streptococci 

Staphylococci* including 
Staphylococcus aureus 
(coagulase-positive and 
coagulase-negative) 


* Nebcin may be considered in serious staphylococcal infections 
when penicillin or other potentially less toxic drugs are 
contraindicated and when bacterial susceptibility testing 
and clinical judgment indicate its use. 


Please see following page for summary of prescribing information. 
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pi recommended. 
E Neurotoxicity—Adverse effects on both the vestibular and auditory branches 
mS 3 of the eighth nerve have been noted, especially in patients receiving Figh doses or 
~ Prescribing Information prolonged therapy. Symptoms include dizziness, vertigo, tinnitus, roaring in the 
e WARNINGS cars, ANC ADMINIS. A Nar a oe T one 
i ‘= Patients treated with Nebcin should be under close clinical observation, NOTE: The risk of toxic reactors Is low in patients with normal renal function 
=| because tobramycin and other aminoglycoside antibiotics have an inher- Mladic ch ue feat in higher doses or for longer periods of time than 
eee ent potential for causing ototoxicity and nephrotoxicity. Ae y ` 
IN Both vestibular and auditory ototoxicity can occur. Eighth-nerve impair- Other reported adverse reactions possibly related to Nebcin incluce increased 
3 ment may develop if patients have preexisting renal damage and if Nebcin SOS transaminase (SGOT, SGPT) and increased SEUI bilirubin; payee 
ay is administered for longer periods or in higher doses than those granulocytopenia, and thrombocytopenia; and fever, rash, itching, urticaria, 
rain feconametided: nausea, vomiting, headache, and lethargy. 
om Tabesrucin is potentiali Katie: Reneland si x , Suggested Dosage Guides—I.M./I.V.: 
ae ycin is potentially nephrotoxic. Renal and eighth-nerve function ; i - 
Br should be closely monitored in patients with known or suspected renal | Usual dosage for adults, children, and older infants (normal renal function) — 
ae | impairment and also in those whose rena! function is initially normal but 3mg./ Kg. í day adm inistered in three equal doses every eight hours. In life- 
3 whodevelop signs of renal dysfunction during therapy. Such impairment threatening situations, the dosage may be increased up to 5 mg./Kg./day 
7 may be characterized by cylindruria, oliguria, proteinuria, or evidence of administered in three or four equal doses. This dosage should be reduced to 
i, nitregen retention (increasing BUN, NPN, or creatinine). Evidence of 3 mg. /Kg. /day as soon as clinically indicated. (Refer to Table 1 for 
Pa ie impairment in renal, vestibular, or auditory function requires discontinua- | dosage schedule.) 
es tiorvof the drug or dosage adjustment, : Dosage for neonates up to one week of age (normal renal function) — 
3 = Nebcin should be used with caution in premature and neonatal infants | =i; to4 ih iw ee ie a vag s ajradi ta every twelve hours. 
K- because of their renal immaturity and the resulting prolongation of serum D ABN O APON OORS SRV PI D eee ; 
a halt-life of the drug. osage guidelines for adult or pediatric patients with reduced renal function— 
4 i. Im the case of overdosage or toxic reactions, peritoneal dialysis or hemo- After a loading dose of l ree /Kg.., subsequent dosage must be adjusted either 
Be dialysis will help remove tobramycin from the blood. oe Bei ster at ee Aaa ee ae Seb at eters 
a5 nae ; : intervals. lo determine the reduced dose at eight-hour intervals, see the conven- 
aR an ure | __ entoorwoerom inte package erature © foeskulotenormal dasagest 
a. shank be éxainined for increased excretion of protein, cells, and casts. prolonged intervals (if the creatinine clearance rate is not available and the 
Bs Concurrent and sequential use of other neurotoxic and/or nephrotoxic Patient's condition is stable), the following formula may be used: 
ae antibiotics, particularly streptomycin, neomycin, kanamycin, gentamicin, Neittibereaithen sh wee f pa ae atalvcis eben. PAT d 
ges pee paromomycin, viomycin, polymyxin B, and colistin, should Ly Sorat ation 10 mares cols of diluent er poy Aes 100 i For 
ae ager ; : i children, the volume of diluent should be proportiona ; 
ie SIN Nebciri should not be given concurrently with potent diuretics. Some The diluted solution usually should be P AAAA cer i s 
ar. diuretics themselves cause ototoxicity, and intravenously administered , y pe uated oats 
E | diuretics enhance aminoglycoside toxicity by altering antibiotic concentra- | ispecies 
8 tions inserum and tissue. “An alternate rough guide for determining reduced dosage at eight-hour intervels (for patients 
É A #54 Usage in Pregnancy—Safety of this product for use during pregn ancy whose steady-state serum creatinine values are known) is to divide the normally recommended 
Pei: has not been established. dose by the patient's serum creatinine. 
ig Table 1. Dosage Schedule Guide for Adults with Normal Renel Function 
E (Dosage at Eight-Hour Intervals) 
= Description: Tobramycin sulfate, a water-soluble antibiotic of the aminoglycoside i l 
~ group, is derived from the actinomycete Streptomyces tenebrarius. Nebcin Injec- Usual Dose for Maximum Dcse for Life- 
= tion is a clear and colorless sterile aqueous solution for parenteral administra- For Patient Serious Infections Threatening Infections 
= tion. !tis stable and requires no refrigeration. Weighing (Reduce as soon as possible) 
= Indications and Usage: Nebcin is indicated for the treatment of serious infections Kg. ~ Lb: l mg./Kg. q.8h. 1.66 mg. /Kg. q.8h. 
` caused by susceptible strains of the following microorganisms: Pseudomonas (Total, 3mg./Kg./day) (Total, 5 mg./Kg./day) 
a = aeruginosa, Escherichia coli, Proteus sp. (indole-positive and indole-negative), mg./dose mi./dose’ mg./dose mi. /dose* 
Providencia, Klebsiella-Enterobacter-Serratia group, Citrobacter sp., group D | q. 8h. q. 8h. 
streptococci, and staphylococci, including Staphylococcus aureus (coagulase- 120 264 120 mg. 3- mi. 200 mg. S mi. 
= positive and coagulase-negative). 1154 253 115 mg. 2.9 mi. 191 mg. 4.75 ml, 
ae Nebcin is indicated in the treatment of septicemia; central-nervous-system 110 242 110 mg. 2.75 mi. 183 mg. 4.5 mi. 
~ infections, including meningitis; neonatal sepsis; serious lower respiratory infec- 105 231 105 mg. 2.6 mi. 175 mg. 4.4 ml. 
E __ tions; gastrointestinal infections, including peritonitis; and serious skin, bone, 100 220 100 mg. 2.5 ml. 166 mg. 4.2 ml. 
= and soft-tissue infections, including burns, caused by the susceptible organisms 95 209 95 mg. 2.4 mi. 158 mg. 4 mi. 
= listed above. Clinical studies have shown Nebcin also to be effective in serious 90 198 90 mg. 2.25 ml. 150 mg. 3.75 mi. 
= complicated and recurrent urinary tract infections due to these organisms. 85 187 85 mg. 2.1 mi. 141 mg. 3.5 mi. 
Me _ Aminoglycosides, including Nebcin, are not indicated in uncomplicated initial 80 176 | 80 mg. 2 ie, 133 mg. 3.3 mi. 
= episodes of urinary tract infections unless the causative organisms are not 75 «165 75 mg. 1.9 mi. 125 mg. 3.1 ml. 
= Susceptible to antibiotics having less potential toxicity. Nebcin may be considered 70 154 70 mg. 1.75ml. 116 mg. 2.9 mi. 
= in serious staphylococcal infections when penicillin or other potentially less toxic 65 143 65 mg. 16 mi 108 mg. 2.7 ml 
= drugs are contraindicated and when bacterial susceptibility testing and clinical 60 132 60 mg. 1.5 ml 100 mg. 2.5 mi 
judgment indicate its use. 55* } P23 55 mg. 1.4 ml 91 mg. 2.25ml 
~. Bacterial cultures should be obtained prior to and during treatment to isolate 50 110 50 mg. 1.25ml 83 mg. 2.1 mli 
= and identify etiologic organisms and to test their susceptibility to tobramycin. If 45 99 45 mg. 1.1 mi 75 mg. 1.9 ml 
= susceptibility tests show that the causative organisms are resistant to tobramy- 40 88 40 mg. 1 mi 66 mg. 1.6 mi 
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a ‘om - inwhom concurrent therapy witha penicillin or cephalosporin and an aminogly- How Supplied: Ampoules Nebcin® (tobramycin sulfate, Lilly) In ection, 80 mg. 
~. coside may be indicated, treatment with Nebcin may be initiated before the (equivalent to tobramycin) per 2 ml., 2 ml., rubber-stoppered. 

nae "results of susceptibility studies are obtained. The decision to continue therapy Ampoules Nebcin, Pediatric, Injection, 20 mg. (equivalent to tobramycin) per 2 

= With Nebcin should be based on the results of susceptibility studies, the ml., 2 ml., rubber-stoppered. 

= severity of the infection, and the important additional concepts discussed in the Hyporets® (disposable syringes, Lilly) Nebcin Injection, 60 mg. (equivalent to 
ae WARNINGS box above. tobramycin) per 1.5 ml., 1.5 ml., and 80 mg. (equivalent to tobramycin) per 2 

3 y _ Contraindication: A history of hypersensitivity to tobramycin is a contraindication ml., 2ml., in packages of 24. x. 

y n to its use. Each ml. also contains 5 mg. phenol as a preservative, 3.2 mz. sodium bisul- 
J _ Warnings: See WARNINGS box above. Me fite, 0.1 mg. disodium edetate, and water for injection, q.s. Sulfuric acid and/or 
ag _ Precautions: Specimens should be collected during therapy for examination, as sodium hydroxide may have been added to adjust the pH. [063075] 
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Additional information available 
į to the profession on request. 


Neuromuscular blockade and respiratory paralysis have been reported in cats 
receiving very high doses of tobramycin (40 mg./Kg.). The possibility that these 
phenomena may occur in man should be considered if tobramycin is adminis- 
tered to patients who are also receiving neuromuscular blocking agents, such as 
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succinylcholine or tubocurarine, 


Eli Lilly and Company 
J Indianapolis, Indiana 46206 
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computers 
and mecicine 
the publication that tells you how 


physicians have put computers to 
work -- in practical, valuable ways 


This bi-monthly publication reports 
on ways computer potential has 
been harnessed and used clinically 
and administratively in private 
practice, clinics, hospitals, and 
medical societies. 


It describes medical-computer .. 


systems in use now, those still 
in the developmental and 
experimental stages, and tells you 
whom to contact for more details. 
Let COMPUTERS AND MEDICINE 
start bringing you ideas. Order 
a subscription now! Send a check 
or money order ($5 in U.S. and 
Possessions; $7 All Other Countries) 
to Subscriber Services, AMA, 535 N. 
Dearborn St., Chicago, IIl. 60610. 
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4 Instructions Kor Authors 





Send manuscripts by first-class mail to the Chief Editor, 


-Richard Warren, MD, 319 Longwood Ave, Boston 02115. 


Manuscripts are received with the understanding that 
they are not under simultaneous consideration by another 
publication. Accepted manuscripts become the permanent 
property of the ARCHIVES and may not be published else- 
where without permission from the publisher (AMA). 


[ All accepted manuscripts are subject to copy editing. 
The author will receive an edited typescript and layout 
rather than galley or page proofs for approval. The author 
is responsible for all statements in his work, including 
changes made by the copy editor. 


zi Designate one author as correspondent and provide his 
address and telephone number. He will be notified by mail 
of the intended publication date approximately one month 
in advance. Order reprints at the time the typescript is 
returned after editorial processing. Specify address to 
which requests for reprints should be sent. 


[] Submit an original typescript and two high quality 
copies of the entire manuscript including short communica- 
tions such as letters to the editor, book reviews, announce- 
ments, etc. All copy (including references, legends, and 
tables) must be typed double-spaced on 22 x 28 cm (8% X 
11 inch), heavy-duty white bond paper. Ample margins 
should be provided. 


[] Titles should be short, specific, and clear. They should 
not exceed 75 characters, including punctuation and spaces. 
A subtitle is often useful to shorten the main title. Provide 
a brief “running title” on each manuscript page. 


E=] The style of writing should conform to acceptable 
English usage and syntax. Slang, medical jargon, obscure 
abbreviations, and abbreviated phrasing are to be avoided. 


Manuscripts reporting the results of experimental in- 
vestigations on human subjects must include a statement 
to the effect that informed consent was obtained after the 
nature of the procedure(s) had been fully explained. 


[C] Authors whose “first” language is not English should 
arrange for their manuscripts to be written in idiomatic 
English prior to submission. 


a Provide an abstract (135-word maximum) of the arti- 
cle. The abstract should include statements of the problem, 
method of study, results, and conclusions. The abstract 
replaces the summary. 


EA List references in consecutive numerical order (not 
alphabetically). Once a reference is cited, all subsequent 
citations should be to the original number. All references 
must be cited in the text or tables. Unpublished data 
and personal communications should not be listed as 
references. References to journal articles should include 
(1) author, (2) title, (3) journal name (as abbreviated 
in Index Medicus), (4) volume number, (5) inclusive page 
numbers, and (6) year, in that order. References to books 
should include (1) author(s), (2) chapter title (if any), (3) 
editor (if any), (4) title of book, (5) city of publication, 
(6) publisher, and (7) year. Volume and edition num- 
bers, specific pages, and name of translator should be 


- included when appropriate. The author is responsible for 


the accuracy and completeness of the references and for 
their correct text citation. Note this journal’s punctuation 
and sequence style in published reference lists. 


[ ] Refer to patients by number (or, in anecdotal reports, 
by fictitious given names). Real names or initials should 
not be used in the text, tables, or illustrations. 
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Efta pis the Tian. 1975 i issue, the provision 
of free offprints (tearsheets) of articles to authors 


was discontinued. Authors may continue to order 
reprints in accordance with the form sent to them 
during the processing of their manuscripts. 





E All measurements must be in metric units. English units 
may also be given parenthetically if the measurements were 
originally done in English units. 


ali Letters to the Editor. The editor will be pleased to 
receive correspondence of 250 words or less that pertains 
to material published in the ARCHIVES or to other matters 
of interest to its readers. Letters should be typewritten, 
double-spaced and clearly marked “For Publication.” No 
more than two references are permitted, and illustrations 
are acceptable only when essential to the message. 


[ ] Use only those illustrations that clarify and augment 
the text. Submit illustrations in duplicate, unmounted 
and untrimmed. Do not send original artwork. Send high- 
contrast glossy prints (not photocopies). Figure number, 
name of senior author, and arrow indicating “top” should 
be typed on a gummed label and affixed to the back of 
each illustration. All lettering must be legible after reduc- 
tion to column size. Artwork submitted for publication may 
be relettered to achieve uniformity of lettering style through- 
out the journal. Magnification and stain should be provided 
when pertinent. Illustrations should preferably be in a 
proportion of 12.5 x 18 em (5 x 7 inches). Legends 
should be typed double spaced beginning on a separate 
sheet of paper. Length should be limited to 40 words. 


EA An experienced medical illustrator should be employed 
whenever possible for the preparation of all artwork. 
Template lettering or preset type is preferred to hand- 
lettered labels. If halftone artwork with labels is sub- 
mitted, affix type and leaders to a clear acetate overlay 
registered to the base drawing. Labels and leaders should 
be applied directly to the drawing board surface if the 
artwork consists only of line ink technique. 


w A letter of consent must accompany all photographs 
of patients in which a possibility of identification exists. 
It is not sufficient to cover the eyes to mask identity. 


[ Illustrations in full color are accepted for publication 
if the editors believe that color will add significantly 
to the published manuscript. The ARCHIVES will pay part 
of the expense of reproduction and printing color illus- 
trations, the remainder to be borne by the author or his 
sponsor. After deducting the ARCHIVES contribution, the 
author’s share is $275.00 for up to six square finished 
illustrations which can be arranged on a one-page layout. 
Any additional illustrations or special effects will be billed 
to the author at cost. Positive color transparencies (35 
mm preferred) must be submitted for an evaluation. 
Do not send color prints unless accompanied by original 
transparencies. All transparencies should be carefully 
packed and sent with the manuscript. 


N Each table should be typed double-spaced, including 
all headings, on a separate sheet of 22 x 28 cm paper. Do 
not use larger paper. If a table must be continued, use a 
second sheet and repeat all heads and stubs. 


[a Tables should be arranged so they will print no wider 
than three columns in the ARCHIVES. Generally up to nine 
columns of data (including stub, or left column) will Qt 
into three columns. Tables must be numbered consecutively, 
beginning with 1, and each must be titled. Example: 
“Table 6.—Results of Blood Coagulation Studies.” 
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Editorial 


Inappropriate Use of Diuretics 


in Surgical Patients 


liguria is a common clinical finding in the post- 
operative and posttrauma patient. The introduction 
of the loop diuretics, ethacrynic acid and furosemide, has 
provided an effective method for inducing an increased 
urine flow under these circumstances. These agents are so 
effective that they may induce a large loss of fluid and 
electrolytes, which will be detrimental to the patient’s 
condition. Precisely because they are effective, there has 
been a tendency to omit the careful evaluation of the pa- 
tient’s clinical state that would lead to a correct inter- 
pretation of the cause of oliguria and its specific therapeu- 
tic correction. 

With very few exceptions, the cause of postoperative and 
posttraumatic oliguria is oligemia or depletion of the 
extracellular fluid volume. This is especially true within the 
first few hours after surgery or trauma, when irreversible 
tubular damage is rarely, if ever, present. If mechanical 
obstruction to the upper or lower urinary tract has been 
ruled out, then a presumption of fluid depletion must be 
made. The simplest test for this condition is the determi- 
nation of urine-plasma osmolar ratio. Oliguria due to fluid 
depletion with normal kidneys is invariably associated 
with an osmolar ratio of > 2. A simple fluid balance sheet 
may be misleading since large quantities of fluid can be 
sequestered. on obstructed loops of bowel in the peritoneal 
fluid associated with peritonitis or in the edema of crushed 
or injured tissue. A diagnostic and therapeutic maneuver is 
the rapid infusion of 500 ml of a balanced electrolyte 
solution and the determination of the response of the 
kidneys to this challenge. If even a transient increase in 
urine volume is obtained, the diagnosis has been estab- 
lished. Larger volumes of fluid will then have to be 
administered to sustain improvement in the patient’s con- 
dition, since serious oliguria occurs when the extracellular 
fluid volume is depleted by approximately 30% of its nor- 
mal volume. If this volume of fluid is ineffective in increas- 
ing the urine volume, then a diuretic should be considered, 
but the first choice should generally be the osmotic di- 
uretic, mannitol. The reason for this is that mannitol is in 
itself a volume expander and will tend to correct mild oli- 
gemia. Present evidence suggests that this agent is also 
‘effective in blocking renin release from the kidney and in- 
terrupting the renin angiotensin system, which is most 
likely associated with the development of acute tubular 
necrosis. The volume of diuresis produced by 50 gm of 
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mannitol is modest in amount and will not result in fur- 
ther depletion of the extracellular fluid volume. 

Under very special circumstances where there is con- 
cern about overexpansion of the extracellular fluid vol- 
ume, the use of loop diuretics may be considered. This will 
occur only when evidence of overexpansion of the vascular 
space can be demonstrated or where there is incontrovert- 
ible evidence of developing or present congestive heart 
failure. Evidence for such overexpansion can be obtained 
with the use of either a central venous pressure measure- 
ment or, preferably, the measurement of pulmonary capil- 
lary wedge pressure with a balloon-tipped flow-directed 
pulmonary artery catheter. A safe rule, therefore, is that 
the loop diuretic should not be administered to an oliguric 
patient unless there is direct measurement of an in- 
creased central venous or left atrial pressure. The use of a 
loop diuretic under other circumstances can lead to catas- 
trophe. These diuretics are so effective that they may 
cause a massive diuresis even in the face of severe extra- 
cellular volume depletion. Loop diuretics may, therefore, 
produce tubular damage by causing the patient to literally 
urinate himself into shock. 

Powerful therapeutic agents have a tendency to make 
us forget basic clinical principles. Shortly after the intro- 
duction of modern antibiotics, there was a period when 
surgical techniques of wound care were neglected in the 
hope that antibiotic agents would make up for bad surgi- 
cal practice. We learned the hard way that antibiotics 
were an adjunct to good surgical practice, not a replace- 
ment for it. The loop diuretics are now in danger of as- 
suming the same role in the management of oliguria in 
surgical patients. Nothing can take the place of careful 
clinical evaluation of the patient’s condition and the par- 
ticular circumstances associated with the oliguric state. 
An orderly, sequential approach to the problem will almost 
invariably produce the desired therapeutic result without 
the risk of worsening the patient’s clinical state. Loop di- 
uretics are potent agents; they should be used only when 
absolutely indicated and under circumstances where care- 
ful monitoring of the cardiovascular status can be carried 
out. 

SAMUEL R. PowErs, MD 
Albany College of Medicine 
Union University 

Albany, NY 12208 
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_A Panel by Correspondence 


Morbid Obesity 


Edward R. Woodward, MD (Guest Editor); J. Howard Payne, MD 


Peter A. Salmon, MD; J. Patrick O’Leary, MD 


À Spe incidence of massive exogenous obesity appears 
to have greatly increased during the past 25 years. 
This pathologic condition causes and aggravates a number 
of medical conditions that can substantially reduce func- 
tional capacity and very strikingly limit life expectancy. 
Intestinal short circuit was introduced by Payne et al' and 
developed by them into the currently used jejunoileal 
shunt. The procedure, initially used with caution in only a 
few centers under clinical experimental conditions, is now 
undergoing more widespread use. The following panelists 
were asked to answer ten questions concerning the basic 
disease, its surgical control by shunt surgery, and the con- 
sequences thereof. 


Question 1: What do you consider to be the cause of mor- 
bid ebesity? 


DR Payne: The primary cause is uncontrollable, compul- 
sive eating, and there is probably variation in the capacity 
to assimilate and store fat. However, endocrine distur- 
banees are very rare. 

Dr SALMON: The basic cause is a substantial increase in 
caloric intake in excess to those expended. The reason for 
the individual’s failure to maintain a constant weight is 
unknown. There is very little evidence to suggest that the 
obese utilize ingested calories more efficiently. A different 
psychologic state may exist in the obese and account for 
excessive caloric intake, but this is not easily verified. 
Psychiatric efforts at weight control have rarely met with 
success. Neuroendocrinologic causes have been postulated, 
but not proved. 

Dr O'Leary: Historically, the morbidly obese patient 
has been scoffed at by society and considered by the physi- 
cian to have received his or her just reward for gluttony. 
The latter is probably an oversimplified answer. Many hy- 
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potheses have been suggested, but none proved. Some of 
these revolve around the hypothalamic-endocrine axis; 
others concern metabolic derangements produced by hor- 
monal imbalance. Such disturbances very rarely can be 
demonstrated in the morbidly obese, and psychogenic hy- 
perphagia may be the sole cause in the vast majority. We 
have demonstrated elevated disaccharidase levels in the 
brush border membrane of the jejunum in the massively 
obese. A cause or effect relationship has not been estab- 
lished, but this observation may be related to the fre- 
quently observed glucose intolerance in morbid obesity. 


Question 2: What, in your experience, are the indications 
for jejunoileal shunt and the essential steps in evaluation of a 
patient? 


Dr PAYNE: (1) The patient is 45.2 kg (100 Ib) overweight 
or twice normal; (2) all reputable methods of weight con- 
trol have failed; (3) the patient understands and accepts 
the surgical risks and the severe metabolic disorders 
created by the bypass; (4) the patient is willing to undergo 
constant and regular postoperative evaluation, both clini- 
cal and laboratory; (5) there must be careful personal eval- 
uation by the internist and surgeon of each patient (this 
includes the patient’s motivation, environment, life style, 
and family); (6) medical indications include Pickwickian 
syndrome, diabetic glucose tolerance curve, menstrual 
dyscrasia, infertility, degenerative arthritis, and hyper- 
lipemia. 

DR SALMON: We agree with Dr Payne and would add the 
following indications: (1) Sociologic: Many are unable to 
gain or maintain employment. Many experience relative 
ostracism in their social settings and the marital relation- 
ships are often seriously disturbed. (2) Inability to main- 
tain bodily cleanliness. Intertriginous infections in body 
creases and folds may be painful and strongly odor-pro- 
ducing. Some patients are physically unable to adequately 
cleanse the anal and genital areas. 

In addition to careful history and physical examination, 
most candidates for bypass surgery should be seen in con- 
sultation by an endocrinologist and a psychiatrist. Rou- 
tine clinical laboratory studies should include screening 
liver, kidney, gastric, endocrine, and hemopoietic func- 
tions. Serum electrolyte and fecal fat levels should also be 
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measured. Contrast x-ray examination of the upper and 
lower parts of the gastrointestinal tract and cholecys- 
tography should be done. All patients should have an elec- 
trocardiogram and pulmonary function studies. 

Dr O'Leary: We believe that jejunoileal shunt is still in 
the process of development and should not be utilized in a 
widespread indiscriminate fashion. In order to be consid- 
ered a candidate, the patient should exhibit one or more of 
the complications of morbid obesity. In addition to routine 
laboratory screening, the patient should undergo lipo- 
protein electrophoresis and measurement of serum choles- 
terol and triglyceride levels. Hyperlipemic patients are 
prone to early onset of atherosclerosis and its complica- 
tions. 


Question 3: What is your concept of the mechanism(s) by 
which this operation produces weight loss and other favorable 
results, if any? 


Dr Payne: Food is rapidly transported through the 
- small intestine, which has been reduced to 46 cm (18 in). 
The induced weight loss relieves the Pickwickian 
syndrome, lowers blood pressure, lowers serum cholesterol 
and lipid values, favorably alters carbohydrate metabolism 
(even in insulin-dependent diabetics), and improves the 
outlook: toward life, which frequently allows the patient to 
return to work and regain his or her self-respect. 

Dr SALMON: Weight loss is the result of malabsorption 
of ingested food, a large amount of which is excreted 
unabsorbed. Our studies indicate that initially, all food 
substances are excreted excessively, but the excessive fat 
loss continues unchanged for years. 

Dr O'Leary: In many patients, there are factors other 
than malabsorption. We have frequently observed de- 
creased intake that was associated with recognized dimi- 
nution of appetite. A psychologic factor often plays a role 
since the patient sees, for the first time, a real opportunity 
for maintained weight loss. Another important factor is 
that mobility increases, which results in increased physi- 
cal activity. 


Question 4: A 28-year-old, 147-kg (325-lb) woman 160 cm 
(5 ft 3 in) tall presents herself for consideration for jejunoileal 
shunt. The patient is a noninsulin-dependent diabetic with a 
fasting blood glucose level of 140 mg/100 ml without medica- 
tion. Her physical capacities are limited by activity-related 
aches and pains in her knees and ankles. She has no dis- 
cernible varicosities in the lower extremities, but character- 
istic changes of stasic dermatitis are present above the medial 
malleolus of the left ankle with a 3-mm ulceration. She has 
been treated by her general physician for essential hyperten- 
sion that he reports has been as high as 185/115 mm Hg. At 
your examination, while she is receiving antihypertensive 
medication, her blood pressure is 140/90 mm Hg. The patient 
also relates a history of falling asleep in the middle of a con- 
versation and has had to give up driving an automobile be- 
cause she falls asleep at the wheel. The patient has no history 
suggestive of congestive heart failure and is not taking digi- 
talis. However, chest roentgenogram shows moderate cardio- 
megaly and electrocardiogram shows left axis deviation. 
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Please discuss your approach to this case and what results — 


you might expect if shunt surgery was undertaken. 


Dr Payne: This is obviously a morbidly obese woman 
who would benefit from bypass surgery. She would be 
evaluated by the endocrinologist, the surgeon, and the 
psychiatrist and would receive our standard work-up as 
follows: complete physical examination; chest roentgen- 
ogram; gallbladder study; roentgenogram of the upper 
part of the gastrointestinal tract; glucose tolerance test 
(3-hour); electrocardiogram; urinalysis; complete blood cell 
count; lipid profile; electrolyte values; thyroid profile; 
ketogenic steroids; 17-ketogenic steroids; personality test- 
ing—Minnesota Multiphasic Personality Inventory; and 
intravenous pyelogram. 

Dr SALMON: The patient should have appropriate blood 
gas level and pulmonary function studies to confirm the 
Pickwickian or pulmonary hypoventilation syndrome. The 
stasic ulcer should be treated conservatively by standard 
means and should heal within two to three weeks. Because 
of apparent hypoventilation and cardiomegaly the patient 
should, after the cardiorespiratory work-up is completed, 
be placed on dietary and chlorothiazide (Thiazide [Cana- 
da]; Diuril, comparable US product) therapy for three to 
four weeks. In our experience, such patients regularly be- 
come operative candidates within this period of time. 

After bypass and adequate weight loss, the latent dia- 
betes should completely disappear.?* Our experimental 
data show that insulin resistance disappears, glucose tol- 
erance curves return toward normal, and growth hormone 
reappears in the peripheral blood. Joint symptoms will 
lessen substantially. Although degenerative joint changes 
are present, they may not change. Saphenous varicosities 
will become more apparent with weight loss and should be 
treated surgically at a later date. Moderate hypertension 
will disappear with significant weight loss and the Pick- 
wickian syndrome will completely disappear. 

Dr O'Leary: We can predict that her glucose intoler- 
ance would improve after shunt surgery. In our experi- 
ence, the Pickwickian syndrome clears very quickly, often 
showing improvement by the time of hospital discharge. 
The reality of essential hypertension should be ascer- 
tained. The usual arm sphygmomanometer is useless in 
the massively obese because it gives an erroneously high 
reading. We have found that the thigh cuff measures blood 
pressure that correlates very closely with direct arterial 
measurement at the time of surgery. Our experience with 
the mitigation of hypertension in our patients has been 
disappointing; only about one half of our hypertensive pa- 
tients have had a significant reduction in diastolic pres- 
sure, even with extensive weight loss. It is possible, how- 
ever, that they are protected to a degree from the ravages 
of hypertension. 


All our patients with stasic dermatitis and ulceration . 


have improved rapidly after shunt surgery and weight 
loss. We have seen huge ulcers heal within three months. 
We would expect the patient to be protected from the de- 
velopment of congestive heart failure. 

In summary, if weight loss is adequate, we expect an 
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outstanding result in cases with such numerous complica- 


‘tions. This is particularly true in the younger age group 


and this, again, would be important in this particular pa- 
tient. 

Question 5: Do you utilize the end-to-end jejunoileal by- 
pass or the end-to-side jejunoileal shunt? What lengths of 
jejunum and ileum do you use? Please outline your reasons, 
giving figures from your experience, if pertinent. 


Dr PAYNE: We use the end-to-side jejunoileal shunt uti- 
lizing 36 cm (14 in) of jejunum and 10 cm (4 in) of ileum. In 
our 15 years of experience, this has produced adequate 
weight loss whereas longer lengths have not. The end-to- 
side anastomosis allows for some regurgitation into the 
bypassed ileum, thus giving the patient some degree of 
protection. 

DR SALMON: We have used only an end-to-end jejuno- 
ileal bypass using 25 cm (10 in) of jejunum and 51 cm (20 
in) of ileum.’ Laboratory study has shown that animals 
having end-to-side shunts initially lose weight, but tend to 
regain toward preoperative levels in subsequent years. 
Patients with end-to-side shunts have also been observed 
to gain weight three to five years after surgery. Nearly 
60% of our patients are within 4.5 kg (10 lb) of normal 
weight four to eight years after bypass surgery, and only 
10% are more than 13.6 kg (30 lb) above ideal. 

Dr O’LEARY: We routinely use the end-to-side shunt 
with 30 em (12 in) of jejunum anastomosed to the ileum 10 
em (4 in) proximal to the ileocecal junction. Early in 
our experience we utilized the end-to-end shunt, but a fa- 
tal anastomotic leak deterred us. Comparison of the two 
groups over the years has indicated no difference in the 
amount of weight loss and there has been no tendency to 
regain in either group. We, therefore, prefer and exclu- 
sively utilize the simpler and safer Payne shunt. Reflux of 
undigested food occurs into the excluded small bowel, even 
when implanted into the colon. Our patients lose an aver- 
age ef 35% of their preoperative weight and stabilize at 18 
to 24 months. We do not strive for ideal weights and are 


- quite content with medically acceptable weights. 


Question 6: These patients are particularly prone to wound 
complications because of body build. Outline the steps you 
take to minimize these complications. 


Dr Payne: We have had very few wound infections and 
attribute this to proper preoperative bowel preparation 
and use of local antibiotics. A mixture of penicillin, tet- 
racycline, and kanamycin sulfate is applied locally to the 
open bowel, the anastomosis, and to the wound during clo- 
sure. 

Dr SALMON: Prevention of wound complications is a 
most important aspect of bypass surgery since these have 
been notable factors in morbidity and mortality. We use a 


_ midline incision, protecting the subcutaneous fat with im- 
` pervious drapes. We do not use antibiotics either in bowel 


preparation or as postoperative prophylaxis. We utilize an 
aseptic, closed anastomotic technique to prevent contami- 
nation. A suction catheter is used in the subcutaneous 
layer. 
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Dr O’LEary: Body build also militates against exposure 
and we have overcome this, along with the minimizing of 
wound complications by using a transverse supraumbilical 
incision. This is usually restricted to the right side, but the 
left rectus is divided partially or completely as needed. In- 
cidental cholecystectomy can be performed readily when 
indicated. Superiorly, the subcutaneous tissues are pro- 
tected by the exteriorized transverse colon and omentum. 
Inferiorly, wound drapes are used. The wound is closed 
using continuous nonabsorbable suture in the posterior 
sheath and interrupted monofilament wire in the anterior 
sheath. Large retention sutures of 2-0 nylon are placed 
through the anterior fascia and, after completion of 
wound closure, tied over a large gauze bolster to provide 
compression of the subcutaneous space. Two suction cath- 
eters are placed in the subcutaneous tissue and the skin is 
closed with interrupted vertical mattress 3-0 nylon. No an- 
tibiotics are utilized intraoperatively or postoperatively. 
On the day before surgery, the bowel preparation includes 
three oral doses of erythromycin and neomycin sulfate. In 
the past two years, the above technique has reduced our 
wound infection rate from 6% to 2%. 


Question 7: What has been your experience with liver ab- 
normalities postoperatively, and what do you consider to be 
the pathophysiologic mechanisms? 


Dr PAYNE: Our experience with liver abnormalities has 
been published.’ In essence, 95% of patients weighing over 
113 kg (250 lb) have fatty infiltration of the liver. During 
the period of initial rapid weight loss, the fatty infil- 
tration is clearly increased. If the patient handles this 
well, he or she is usually “home clear.” After the second 
year, there is generally no cause for worry. 

DR SALMON: Two thirds of our patients have varying de- 
grees of fatty metamorphosis preoperatively and this is 
severe in 10% of our patients. Following bypass, 95% de- 
veloped great to moderate fatty infiltration, which was 
present throughout the first year. Serial needle biopsies 
have shown this to gradually disappear until, at four 
years, no severe steatosis was found, and the number of 
patients with normal livers was greater than the number 
observed preoperatively. Since it occurs during the period 
of most rapid weight loss, fatty metamorphosis is pre- 
sumed to be related to mobilization and utilization of body 
depot fat. It seems likely that fatty acids reaching the 
liver are converted into triglycerides and are not cleared 
sufficiently quickly to prevent accumulation. In our series, 
there has been no mortality from liver failure and a mild 
degree of liver failure has been observed in only one pa- 
tient. 

Dr O'LEARY: In our first 43 patients, 42% demonstrated 
significant abnormalities of liver function postoperatively 
and one died as a result of liver failure. Another patient 
had to have the shunt taken down because of progressive 
liver dysfunction. 

Since liver dysfunction or failure is not seen in either 
humans or experimental animals with subtotal*enterec; 
tomy, we believed that the syndrome must be associated 
with the excluded intestinal limb. In our patient who was 
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subject to a second operation, culture from the excluded 
limb revealed disappearance of aerobic organisms and 
marked overgrowth of Bacteroides. Prompted by this ob- 
servation, jejunoileal shunt was performed in dogs.” Con- 
trol animals all died of liver failure within four months 
and, in each case, Bacteroides was cultured from the ex- 
cluded limb. In the experimental group treated with anti- 
biotics specific for Bacteroides, all animals survived with- 
out liver dysfunction and none grew Bacteroides in the 
excluded intestine. We have hypothesized, therefore, that 
Bacteroides produces an endotoxin that is hepatotoxic. We 
have since treated postoperative patients with either dox- 
ycycline (Vibramycin) or clindamycin (Cleocin) and the in- 
cidence of liver failure has fallen from 45% to 20%. 


Question 8: What has been your experience with calcium 
oxalate stone production in the urinary tract and what do you 
conceive to be the pathophysiologic mechanisms involved? 


Dr Payne: Those patients who have had renal stones 
have, indeed, had calcium oxalate stones. We have not ob- 
served an untoward incidence. 

Dr SALMON: In 150 patients followed up for longer than 
four years, only 2% have developed renal calculi. In one pa- 
tient, the stone was composed of cystine rather than oxa- 
late so that calcium oxalate stones have an incidence of 
only 1.5%. Animal observations have shown that potas- 
sium deficiency may result in necrosis of portions of the 
renal tubular collecting system with formation of a nidus 
that may act as a center for crystallization. Nearly 40% of 
our patients have hypokalemia and this mechanism might 
be invoked. However, the low incidence observed seems to 
indicate that the above explanation is inapplicable. There 
may be a geographic difference since Alberta has a low 
incidence of renal stones and the southeastern United 
States has a high incidence. 

Dr O'Leary: We, and others, have found the incidence 
of calcium oxalate urinary tract stones in postoperative 
bypass patients to approach 10%.*° The majority of pa- 
tients in the postoperative period will develop hyper- 
oxaluria. We have some observations to support the theory 
that intraintestinal calcium is saponified by the excessive 
fat in the stool. The result of this is that less calcium is 
available to bind oxalate into its insoluble form and there- 
fore, intestinal absorption of oxalate is increased.” 


Question 9: Have you observed an increased incidence of 
cholelithiasis in your postbypass patients and, if so, describe 
the mechanism whereby you think this occurs. 


Dr PAYNE: No! The incidence of gallstone problems in 
postbypass patients is approximately the same as in the 
normal population. 

Dr SALMON: Seventy-five of our female bypass patients 
were parous without evidence of cholelithiasis. In the past 
seven years, 18 of these patients have developed choleli- 
thiasis, an incidence of 24%. This greatly exceeds the inci- 
dence expected in a normal population with a mean age of 
283 years. Theoretically, a decreased bile salt pool due to 
losses through the colon may result in cholesterol-satu- 
rated bile. It is possible, however, that changes in liver 
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function related to fatty infiltration may change bile com- 


position. 

Dr O'Leary: Thirty-five percent of our patients have 
had a prior cholecystectomy or are found to have choleli- 
thiasis on preoperative evaluation. We have observed a 
disturbing number of patients who developed cholelithiasis 
after bypass, but have no quantitative data. It is possible 
that the postbypass patient develops lithogenic bile due to 
depletion of the bile salt pool with excessive excretion of 
bile salts in the stool. 


Question 10: How many shunts have you taken down or re- 
vised? Indicate your reasons for doing so and whether the pa- 
tients have reverted to the preoperative state. 


Dr Payne: Fifteen patients have had restoration to nor- 
mal continuity either by design or necessity. Thirteen of 
these returned to their preoperative obese weight within a 
year. Revisions have been done on 16 patients for failure 
to lose a satisfactory amount of weight. These have all 
demonstrated elongation of the jejunal segment with 
marked hypertrophy of the villi. 

Dr SALmon: Nine patients have had reestablishment of 
normal intestinal continuity, all within the first year. Five 
were reconstituted because the patients were unman- 
ageable. Two patients lost too much weight and were re- 
connected because of nutritional failure. One patient had 
severe, persistent anorexia and one was taken down at the 
patient’s request because he was moving to Asia. Follow- 
ing reconstitution, all patients but one have regained to 
preoperative or higher levels of body weight within 1% 
years despite intense efforts at management. Bypass revi- 
sion has been performed in 11 patients in order to produce 
further weight loss. This objective has been achieved in all 
cases but one. 

Dr O'Leary: We have reconstituted four shunts, one of 
these having had the original procedure performed else- 
where. One was taken down because of the patient’s psy- 
chologic instability and unwillingness to tolerate intesti- 
nal discomfort and diarrhea. One shunt was taken down 
because the patient had repeated bouts of calcium oxalate 
urolithiasis requiring repeated operative intervention 
(this patient lives in upstate New York). His pronounced 
hyperoxaluria has promptly reverted to normal. 

Two patients are particularly significant because their 
shunts were taken down in the face of progressive liver 
failure. Both rapidly recovered liver function and soon 
thereafter had reached their preoperative morbidly obese 
state. In the meantime, animal experimentation had sup- 
ported our hypothesis involving bacterial overgrowth in 
the excluded intestine. Both patients were, therefore, 
reshunted and treated postoperatively with anti-Bacte- 
roides antibiotics. Both are now two years after their sec- 
ond shunt and neither has had any clinical or laboratory 
evidence of liver failure despite rapid weight loss. 

We have revised only one shunt because of inadequate 
weight loss. The jejunum incontinuity had nearly doubled 
in length in two years. Despite resection of this to 30 em 
(12 in) and conversion from end-to-side to end-to-end 
shunt, the patient has lost no additional weight. 
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Dr Woopwarp: The panelists concur that the probable 


‘cause of morbid obesity is psychogenic hyperphagia. En- 


docrine and metabolic causes are rare and usually are eas- 
ily determined by reasonable preoperative evaluation. 

The panelists have no serious disagreements over the 
indications for shunt surgery in the treatment of morbid 
obesity. The medical indications are clean-cut, but it 
seems advisable to emphasize that physical incapacity for 
employment and self-care, and psychosocial handicaps in- 
volving marital relationships, employment, and other sim- 
ilar factors, are entirely adequate medical indications in 
the patient who is appropriately motivated. 

The panelists agree that the major cause of weight loss 
is malabsorption, particularly for fats. There is some dis- 


' agreement over the influence of shunt surgery on essen- 


tial hypertension. Although Drs Salmon and Payne have 
observed a salutary effect, Dr O’Leary’s observations indi- 
cate that serious diastolic hypertension is often not bene- 


- ficially influenced. Nonetheless, it is reasonable to pre- 


sume that the patient will be protected against the major 
hazards of hypertension. All panelists agree that diabetes 
mellitus, congestive heart failure, and the Pickwickian 
syndrome greatly improve following the weight loss in- 
duced by shunt surgery. 

The panelists also indicate general agreement regard- 
ing preoperative evaluation, which can be summarized as 
follows. 


Endocrine-Metabolic Systems 


Thyroid Function.—Triiodothyronine (T,) test and thy- 
roxine (T,) test should be done, not because hypothyroidism 
can cause massive obesity, but to enable appropriate pre- 
operative and postoperative therapy when this coexists. 

Carbohydrate Intolerance.—Oral glucose tolerance tests 
should be utilized. We prefer the five-hour study using the 
criteria of Fajans and Conn" for interpretation. 

Adrenocortical and Pituitary Function.—These endocri- 
nopathies do not cause massive obesity and are clinically 
apparent. In our opinion, specific laboratory and X-ray 
studies need to be utilized only on clinical indications. 

Lipid Metabolism.—Serum cholesterol and triglyceride 
values should be determined and the patient should un- 
dergo lipoprotein electrophoresis. Results are classified ac- 
cording to Fredrickson et al and the risk of premature 
atherosclerosis assessed accordingly. 


Liver Function Studies 


In addition to the usual chemical determinations of se- 
rum glutamic oxaloacetic transaminase, serum glutamic 
pyrovic transaminase, lactic dehydrogenase, alkaline 
phosphatase, and prothrombin time, we advise measure- 
ment of sulfobromophthalein retention and technetium Te 
99m sulfur colloid scan. In addition, routine measurements 


..of plasma protein and electrolyte levels should be per- 


formed as a base line for potential postoperative abnor- 
malities. Of particular importance are calcium, magne- 
sium, potassium, and albumin. This is supplemented by an 
intraoperative needle biopsy of the liver, which again de- 
velops a valuable index for future reference. 
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Pulmonary Function 


History and chest roentgenogram are generally ade- 
quate. Further evaluation and consultation are needed 
only where specifically indicated. 


Cardiovascular System 


Again, history and electrocardiogram are ordinarily 
sufficient. Further evaluation and consultation are needed 
only where specifically indicated. 


Gastrointestinal Function 


We believe that history is adequate and contrast roent- 
genograms of upper and lower parts of the gastrointesti- 
nal tract are needed only where clinically indicated. It is 
not clear whether gastric hypersecretion follows jejuno- 
ileal shunt as it does with extensive enterectomy. How- 
ever, the incidence of subsequent peptic ulcer disease is 
negligible. 


Biliary Tract 


If the patient has not had cholecystectomy, oral cho- 
lecystography should be performed since unsuspected cho- 
lelithiasis is frequent. There is not yet sufficient data to 
justify routine cholecystectomy. 


Psychiatric Evaluation 


All of the three panelists have found this useful; we 
would consider it advisable, but not absolutely essential. 


Preoperative Anesthesiology Consultation 


We have found this very useful. The anesthesia team is 
then aware of the problems to be presented by the patient 
and can plan the use of agents that minimize liver injury. 


All panelists emphasize the extreme importance of care- 
ful postoperative follow-up. The University of Florida 
group utilizes a full-time, nurse-clinician to assist in fol- 
lowing up the 118 patients currently in the postoperative 
state. 

The panelists disagree completely over the anatomic 
type of shunt performed. Payne and O’Leary find reason- 
able and adequate weight loss with an end-to-side jejuno- 
ileal shunt. Salmon agrees with Scott et al that the end- 
to-end jejunal shunt, with the blind segment plugged into 
the colon at some point, provides more adequate weight 
loss that is more persistently maintained. Unfortunately, 
no one has run a controlled study, so presently it is impos- 
sible to state which is the superior technique. Scott et al 
studied only 11 uncontrolled patients with the end-to-side 
shunt and O’Leary and associates compared ten end-to- 
end shunts with ten end-to-side shunts, again with no un- 
biased selection. This disagreement would be readily set- 
tled with a prospective, randomized study. At the present 
time, however, there is strong evidence to support the con- 
tention that the end-to-side jejunoileal shunt is an ade- 
quate method for inducing and maintaining clinically ade- 
quate weight loss. The end-to-side shunt has significant 
advantages since there is only one anastomosis rather 
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than two. Therefore, anastomotic complications will be 
half as frequent. Anastomotic leaks will also be less com- 
mon; in the end-to-end shunt the intestine, cleared of mes- 
entery and serosa, exists on both sides of the anastomosis, 
whereas in the end-to-side shunt this exists on only one 
side. Therefore, the anastomotic leak rate will be lower 
with the end-to-side anastomosis. Since the colon is not 
opened in the end-to-side anastomosis, contamination will 
be proportionately less and the incidence of wound infec- 
tions can confidently be predicted to be lower. 

All panelists agree that careful preoperative prepara- 
tion, operative technique, and postoperative care can min- 
imize wound complications. Although one panelist utilizes 
a midline incision, the opinion of the other two panelists 
would indicate that a transverse incision is superior, both 
in the immediate and the remote periods of wound heal- 
ing. 

The metabolic impacts of intestinal short-circuit sur- 
gery aroused considerable controversy among the panel- 
ists. Hepatic dysfunction has been observed after short- 
circuit surgery and the exact cause remains undeter- 
mined. One panelist minimizes this (Dr Salmon). Another 
considers it inevitable and self-limited (Dr Payne), while 
the third presents a hypothesis that endotoxin from 
Gram-negative organisms in the blind intestinal loop 
plays a role. There is no doubt that the fatty infiltration 
present in most morbidly obese patients is sharply aggra- 
vated after intestinal shunt surgery. We do not have ir- 
refutable evidence to support our theory that endotoxin 
released into the portal circulation from the excluded 
small intestine is injurious to the liver already infiltrated 
with fat. However, experiments in animals and observa- 
tions in patients tend to support this hypothesis. Above 





all, we would emphasize that a positive attitude toward 


solving this serious problem is far better than denying - 


that it exists. 

The panelists also have sharply diverging views regard- 
ing the occurrence of calcium oxalate calculi in the urinary 
tract after shunt surgery. Two panelists (Drs Payne and 
Salmon) deny that this problem exists. However, it has 
been known that any patient deprived of small intestine 
by either resection or exclusion is prone to the formation 
of calcium oxalate calculi in the urinary tract.™-® Observa- 
tions have demonstrated that such patients have pro- 
nounced hyperoxaluria. This is clearly not a geographic 
problem and occurs frequently outside the southeast 
“stone belt.” The metabolic pathways remain obscure, al- 
though it is tempting to assume that interference with 
the enterohepatic circulation of bile salts may play a role. 
In summary, urinary tract calculi occur in a small number 
of patients after jejunoileal bypass. 

Two of the panelists (Drs Salmon and O’Leary) agree 
that cholelithiasis has a sharply increased incidence in the 
morbidly obese. The influence of shunt surgery remains 
questionable and it is certainly possible that the procedure 
results in lithogenic bile. At the present time, the evidence 
is not yet clear-cut enough to justify routine cholecystec- 
tomy at the time of small bowel shunt. 

In summary, jejunoileal bypass is an acceptable ap- 
proach to the treatment of truly morbid obesity. The pro- 
cedure is fraught with complications and patient selection 
is important. Intestinal shunt is no panacea, but it is very 
likely that life-limiting complications of obesity are ob- 
viated and the quality of life in these unfortunate individ- 
uals is, very frequently, much improved. 
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Studies of the Pain Produced by 
Mafenide Acetate Preparations in Burns 


Howard N. Harrison, PhD; Jerry M. Shuck, MD; Elethea Caldwell, MD 


@ In a double-blind triple cross-over clinical study, 37 patients 
were exposed to several formulations of mafenide acetate (Sul- 
famylon Cream) and their pain responses were recorded and 
converted to a semiquantitative pain index. 

The 11.2% concentration in cream was two to three times 
more painful than the 5% concentration. Hypertonicity and not 
the pH level appears to be the cause of the pain produced by the 
high (11.2%) concentration. The tonicity of the cream carrier and 
11.2% mafenide acetate are 1,080 mOsm/ kg and 1,100 mOsm/kg, 
respectively, for a total of 2,180 mOsm/kg. 

The carrier cream without glycerol and a 5% concentration of 
mafenide cream were much less painful than the 11.2% concen- 
tration of mafenide. Both afforded a great deal of relief to the pa- 
tients who received the medications. 

(Arch Surg 110:1446-1449, 1975) 


p= on application continues to be a major problem 
limiting the use of an 11.2% concentration of maf- 
enide acetate (Sulfamylon Cream). This restriction of its 
use sometimes tends to limit the control of burn wound 
sepsis, when the highly penetrating nature’ of the drug is 
required to act on organisms in the deeper areas of the 
wound. 

We have investigated the nature, time course, and 
causes of the pain produced by application of mafenide 
acetate. We have also studied the pain produced by a new 
formulation of mafenide acetate that utilizes a changed 
carrier cream and a 5% concentration of the drug. 
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SUBJECTS AND METHODS 


Thirty-seven burned patients were studied, using a double-blind 
experimental design. Informed consent was obtained for each 
trial. All complications considered to be possible were discussed 
with the family. 

To assure reliable responses, the majority of patients (34) were 
over 15 years of age, two were 12 years old, and one was 9 years 
old. The depth of burn (based on surface appearance anc sensi- 
tivity to pinprick) was partial thickness in 20 patients, mixed full 
and partial thickness in 16, and full thickness in one. The maf- 
enide cream preparations identified only by code, were applied to 
25 patients by impregnated coarse-meshed gauze. The cream that 
was placed on an area of the wound totaled 1% to 5% of the body 
surface area. Twelve patients had the cream gently spread direct- 
ly on the wound. Prior to each study, analgesic medication was 
withheld for four hours or more. All wounds were clean, and at 
least one hour had passed since hydrotherapy. The various prepa- 
rations were used on successive days. 

Evaluation of the pain was based on the following criteria, all of 
which corresponded to numerical ratings: If pain was absent, the 
rating was 0. Mild pain, defined as minimal discomfort or dis- 
traction, received a rating of 1. Moderate pain was determined as 
a stinging or mild burning that caused continuous distraction and 
obvious discomfort (but was still below the breaking point), and it 
received a rating of 2. Severe pain received a rating of 3, and was 
a searing, drawing discomfort that required the maximum self- 
control of the patient in order to refrain from removing the 
cream-impregnated dressing. 

The responses in experiment 1 were recorded by the same ob- 
server in all instances except three. During the study of new 
formulations, one observer in Rochester, NY, and one in Albu- 
querque, NM, recorded the majority of responses. The peak re- 

sponses were recorded according to the criteria outlined above, 
and were graphed for 25 patients in Rochester. An example of the 
graphed response is shown in Fig 1. The intensity is noted alonge 
with patient comments. An index of peak pain intensity (I,) was 
computed for experiment 2 (outlined below) from the ratings (R) 
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DATE BURNED- 1/17/71 

DATE STUDIED-1/23/7) 

CODE, AGENT USED- MAFENIDE WET SOAK,11.2% 
SALINE SOLUTION, 0.9% 

TEST AREA, 

h OF BODY SURFACE-2% 


TYPE OF WOUND- ARTIAL THICKNESS) (MAINLY) 


(CIRCLE ONE) MIXED 
FULL THICKNESS 


AREA STUDIED - HAND 


PAIN INTENSITY 
MODERATE 


Fig 1.—Working sheet on which pain intensity, patient description of pain, and patient characteristics were recorded. Example is 11.2% rt . 


mafenide acetate solution (Sulfamylon Cream) and 0.9% saline. 


Table 1.—No. of Patients Experiencing Pain From 
Three Concentrations of Mafenide Acetate 


Concentration Severe Moderate Mild Absent 


"- T12% 
5.0% 
Placebo 






- Table 2.—Changes in Pain With Concentrations 
of 11.2% and 5% Mafenide Acetate Cream 








Changes in Pain 
Severe on 11.2%, reduced when exposed to 5% 11/14 = 79% 
Moderate on 11.2%, reduced on 5% 3/3 =100% 
Mild on 11.2%, reduced on 5% 2/3 = 67% 
Total reduction 16/20= 80% 


11.2% AQUEOUS 
MAFENIDE ACETATE 





COMMENTS 


5 min. - “Feels good, good.” 
.~ Exercised left hand, 
cried. i 
- “Don't feel any 
change.” 


3. 21min. - “Still cool.” 


B. Sultamylon 


A. 3 min. 
. 10 min. 


“It feels cool.” 
“It's starting to 
get hot.” 
“It hurts.” (Grimace) 
“It hurts.” (Cried) 
“Oh-h, it hurts.” 
“Warm burning 
feeling, no prickling.” 
“Cooling a little.” 
(Dressing being 
applied to other hand.) 
“Still pretty warm.” 
“My hand is still 
burning -a little less.” 
(Volunteered) 


. 1S min. 
. 19 min. 
. 23 min. 
. 27 min. 


. 32 min. 


. 35 min. 
_ 39 min. 


30 
MINUTES 


and the number (N) of patients evidencing a certain level by the 
formula 
I,=RxN 

This was computed in the study of the new formulation (not yet 
clinically available). In the study of older, clinically available for- 
mulation, only the average of peak intensities was computed. 

The pH of the formulations was measured with a glass elec- 
trode, and the osmolality was approximated by using freezing 
point depression on diluted samples. Statistical analysis of the dif- 
ferences between groups was done by the chi-square technique.’ 

The treatment groups were divided into two experimental divi- 
sions. Experiment 1 employed drug concentrations that were dis- 
solved in a currently available cream base that included a high 


concentration of glycerol. There were seven groups in experiment _ 


1. These patients were treated with the following drug concentra- 


tions: (1) clinical cream with an 11.2% concentration and a pH of- 


6.6; (2) clinical cream with an 11.2% concentration and a pH of 7.4; 


(3) a cream base and no drug; (4) a 5% concentration of mafenide > 


solution; (5) a 5% concentration of aqueous mafenide solution; (6) 


Table 3.—Correlation of Pain Index* Data for Centers Conducting Experiment 2 


Drug Concentration 


BLL 


11.2% 
Min After Application 
45 
Albuquerque 14 
e Rochester 
Total 


* Maximum index value for a given time = 24 X 3=72. 
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Min After Application 


0% (Placebo) 
Min After Application 
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AVERAGE PAIN INTENSITY 


TEST MATERIAL 


Fig 2.—Average pain intensity of preparations assayed in experi- 
ment 1. The 5% preparations are less painful than the 11.2% 
preparations (P < .05). 


an 11.2% concentration of aqueous mafenide solution; and (7) a 
0.9% saline solution. 

Experiment 2 employed drug concentrations in a newly devel- 
oped carrier cream without glycerol. This study was conducted on 
groups of equal size (12 patients in each group) in Rochester and 
Albuquerque. Group 1 was treated with an 11.2% concentration of 


= mafenide acetate, group 2 was treated with a 5.0% concentration 


of mafenide acetate, and group 3 was treated with a cream base 
and no drug. 


RESULTS 
Experiment 1 


Figure 2 shows the average pain response to the seven 
preparations employed in the first experiment. Thirteen 
patients were included in this phase. As seen in the figure, 
the 5% concentration of mafenide acetate cream and the 


5% concentration of mafenide acetate solution were less 


painful than the 11.2% preparations. Alteration of the pH 
from the 6.6 that exists in the standard clinical prepara- 
tion to a more physiologic 7.4 had no effect on the painful- 


. ness. The cream base alone elicited a definite pain re- 


sponse. The painfulness of the mafenide solution in an 


11.2% concentration, which was much greater than the 5% 
solution or saline, clearly shows that the concentration of 


the drug has a great deal to do with its painfulness. Os- 


mometry showed the 11.2% concentration of mafenide so- 
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@- MAX RESPONSE PT 
(INDEX VALUE, 72) 





Oo 


PAIN INDEX 
(INTENSITY x FREQUENCY OF OCCURRENCE) 





IS 





30 
MINUTES AFTER APPLICATION 








Fig 3.—Pain index for the 24 patients in experiment 2. This re- 
sulted from intensity x frequency. Maximum point of 72 is shown 
in relationship to values obtained for 11.2% and 5% concentra- 
tions and placebo. Placebo is new formulation without clycerol. 


lution to have 1,065 mOsm/kg, the 5% solution had 480 
mOsm/kg, and the carrier cream had 1,080 mOsm/kg. 
Therefore, the total osmolality of the clinical cream is 
(1,065 + 1,080) 2,145 mOsm/kg, a very hypertonic solution. 
The sulfa and the components of the base cream make 
nearly equal contributions. 


Experiment 2 


The results of experiment 2 are summarized in Table 1. 
From these data, it is clear that fewer responses classified 
as “severe” were produced by the5% concentration (P < .01). 
Moderate pain was produced by the 11.2% and 5% concen- 
trations in nearly equal numbers. Mild pain was produced 
more frequently by the 5% preparation as compared +o the 
11.2% preparation (P < .01). The new carrier cream with a 
reduced concentration of glycerol produced less pain than 
either the 5% or 11.2% preparations of mafenide, and was 
pain-free in 14 of 24 patients. 

When changes in pain intensity were tabulated, the 
data in Table 2 were obtained. Overall, 16 of 20 patients 
(80%) with various magnitudes of pain from the 11.2% 
mafenide acetate preparation reported a reduction when 
treated with the 5% preparation. Increased pain from the 
5% formulation, compared with the 11.2% formulation, 
occurred in four out of 24 patients. 
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The pain index in terms of intensity and duration for 
the three preparations is shown in Fig 3. A maximum in- 
dex value for a given time would be 24 x3 =72, since 24 pa- 
tients were observed at each time, and 3.0 was the highest 
pain rating (severe). From the index, it is clear that the 
11.2% concentration increased the base level (pain pro- 
duced by the carrier cream) by about threefold to an aver- 
age level of moderate pain. The 5% concentration doubled 
it, to the upper portion of the mild pain zone. Statistically, 
the 11.2% formulation is different in terms of pain from 
the 5% and placebo (P < .05). 

Regarding the duration of the painfulness, the clinical 
impression has been that the pain subsides in about half an 
hour. From these observations, one hour appears more 
accurate for 11.2% concentration, and one half hour 
appears accurate for the 5% concentration. At one half 
hour, the pain level for the 11.2% preparation was still 
moderate. The slope of the pain decay curve is similar for 
both the 5% and 11.2% concentrations. The 5% concentra- 
tion reaches a lower level sooner because it drops from a 
lower peak value. 

The rate of pain decay is also of relevance, since the 
time required to reach minimal pain coincides approxi- 
mately with the time required to deplete the cream closest 
to the wound of the majority of its drug.’ Therefore, ab- 
sorption rates are reflected by the pain intensity curves. 

The agreement in the estimation of pain at the two cen- 
ters conducting experiment 2 is shown in Table 3. In four 
of the 12 time-concentration categories, there is a differ- 
ence in index. Three of these are significantly different 
(P < .01): 11.2% at 30 and 60 minutes and 5% at 15 minutes 
after application. Because of this small number of differ- 
ences, the data from the two study centers have been com- 
bined in the development of Fig 3 and the comment that 
follows. 


COMMENT 


The hypertonic nature, and not the subneutral pH, of 
the 11.2% cream appears to be responsible for its painful- 
ness. This conclusion is supported by the coincidence in the 
rate of reduction in pain and the rate of drug depletion in 
the cream layer touching the wound. 

The reformulation of the new cream carrier without 
glycerol greatly reduced its painfulness. A majority of pa- 
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tients found that the new drug-free cream was painless. 
We conclude from the increase in patient comfort with - 


the 5% preparation that this medication may warrant a 
clinical trial. Basic studies by one of us (H.N.H.) have 
shown that the concentrations of mafenide delivered to 
the wound by the 5% cream are high enough to be ex- 
pected to control bacterial invasion very well.’ 

Rat studies by Lindberg and co-workers’ showed an ef- 
fective level of protection by 5% mafenide in animals ex- 
posed to several strains of Pseudomonas aeruginosa. The 
survival percentages of these animals were slightly less 
(10%) than those treated with an 11.2% concentration of 
mafenide. The most virulent strain of Pseudomonas was 
poorly controlled by both 5% and 10% concentrations of 
mafenide. The Lindberg studies, while encouraging, di- 
verged from common clinical practice in two important 
ways. First, a hydrophobic layer in rats that greatly re- 
duces the concentration of mafenide that can penetrate 
the wound was left in place; second, the cream was reap- 
plied over the depleted, dried cream layer on the wounds. 
In our studies of human burns, we have not found the hy- 
drophobic layer. Further, it is standard practice to re- 
move the spent, dried cream before reapplying new topical 
sulfonamide. Both of the clinical circumstances would 
greatly facilitate the penetration of mafenide into the 
wound, and would probably make it possible to achieve ex- 
cellent bacterial control with a 5% concentration of maf- 
enide acetate cream. 


Harold Bales, MD, Robert McCormack, MD, Florence Jacoby, RN, Ann L. 
Bulkley, RN, and Sue Elster, RN, assisted in evaluating the patient 
responses in this study. 


References 


1. Moncrief J, Lindberg R, Switzer W, et al: Use of topical antibacterial 
therapy in the treatment of the burn wound. Arch Surg 92:558-565, 1966. 

2. Snedecor GW: Statistical Methods. Ames, Iowa, Iowa State College 
Press, 1965. 

3. Harrison H, Blackmore W, Bales H, et al: The absorption of C-14 la- 
beled sulfamylon acetate through burned skin. J Trawma 12:986-993, 1972. 

4, Harrison H, Bales H, Jacoby F: The behavior of mafenide acetate as a 
basis for its clinical use. Arch Surg 103:449-453, 1971. 

5. Lindberg R, Moncrief J, Brame R, et al: A Comparison of Sulfamylon 
Hydrochloride and Sulfamylon Acetate in Control of Experimental Burn 
bie oo US Army Surgical Research Unit research report 40-1- 


Mafenide Acetate Preparations—Harrison et al 1449 





eg 





Discontinuance of Immunosuppression 


in Renal Transplant Patients 


Milten L. Owens, MD; J. Gary Maxwell, MD; James Goodnight, MD; Mark W. Wolcott, MD 


© immunosuppressive therapy was discontinued in six pa- 
tients for an average of 27 months. In these six patients, only two 
rejections have occurred. A survey of other transplant centers 
showed that in such patients rejection was often delayed weeks 
or months after therapy was stopped. Once immunosuppressive 
therapy has been stopped, for whatever reason, and rejection 
has not occurred, consideration should be given to not resuming 
therapy unless signs of rejection appear. 

(Arch Surg 110:1450-1451, 1975) 


pene in the first month after renal transplanta- 
tion is said to occur in 38% of HL-A identical siblings 
and, although less common, hyperacute rejection has also 
been reported.’ 

Semewhat paradoxically, prolonged allograft survival in 
animals not receiving immunosuppressant therapy has 
also been well documented.?-> The mechanisms are contro- 
versial; tolerance, enhancement, and changes in the im- 
munogenicity of the graft have all been suggested.’ 

This phenomenon occurring in our own transplant pa- 
tients has recently come to our attention. 


RESULTS 


Six from an experience of 203 transplant patients had 
their immunosuppressive therapy discontinued (Table). 
Immunosuppressive therapy was discontinued entirely in 
five of the six patients; the sixth patient sporadically 
takes 25 mg of azathioprine (Imuran) daily. Four patients 
discontinued their immunosuppressants voluntarily an 
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average of 52 months after transplant. Two of the pa- 
tients had their immunosuppressive therapy discontinued 
for medical reasons: patient 5 because of aseptic necrosis 
of the femoral heads and patient 6 because of severe hy- 
poxic brain damage. All patients had uniformly excellent 
kidney function prior to discontinuance of therapy, and all 
but one patient received their kidneys from living related 
donors. Prior to discontinuing their immunosuppressive 
therapy, only two patients had ever had a rejection epi- 
sode; one of these later experienced rejection after stop- 
ping immunosuppressive therapy and is the only patient 
presently receiving azathioprine and prednisone. This pa- 
tient (patient 4) was also the only cadaver graft recipient. 
Rejection occurred in two patients after 18 months and 8 | 
months, respectively, after discontinuance of immunosup- 
pressive therapy: one patient (patient 4) is again receiv- 
ing immunosuppressive therapy and doing well; the other 
(patient 5) was allowed to reject. The other four continue 


Patients Not Receiving Immunosuppressant Therapy 








Treatment Discon- 
to tinuation Total 
Discon- Without Graft 
Graft tinuation, Rejection, Survival, 
Patient Source Match Mo Mo Mo 
























1 Mother 2A 

2 Sibling 4A 26 52 78 

3 Sibling Not 108 17 125 
matched 

4 Cadaver Not 59 18 81 
matched 






5 Mother 2A 3 8* 19t 
6 Sibling 4A 3 44 47 


* Only graft not functioning at present: functional deterforation of 
graft began at eight months. 

f Patient clinically dehydrated, septic, and finally died. 

t Sporadically receives 25 mg azathioprine daily. 
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to have normal renal function after an average time of 
34 months after discontinuance of immunosuppressant 
therapy. ) 

Serum creatinine values obtained at an average of 27 
months after the discontinuance of immunosuppression 
ranged from 0.9 to 2.4 mg/100 ml, with a mean of 1.5 
mg/100 ml. 

We suspected that our experience with this type of pa- 
tient was not unique, and therefore we questioned other 
centers around the country. 

Of the 40 respondents, 24 centers had had no experience 
with patients not receiving immunosuppressive therapy. 
Sixteen centers described experience with a total of 24 pa- 
tients with kidney allografts whose immunosuppressive 
therapy had been discontinued. Experience with identical 
twin transplants was intentionally excluded. Of the 24 pa- 
tients reported, all but two had had immunosuppressive 
therapy reinstituted. However, only 14 of the 22 had it 
reinstituted for reasons of rejections, in eight it was 
reinstituted before rejection occurred. Two patients were 
not receiving immunosuppressive therapy and were doing 
well 9 months and 36 months, respectively, after stopping 
therapy. Exact figures were not provided, but the average 
time of discontinuance of immunosuppressive therapy ap- 


_ peared to be five to six weeks. 


We had the impression that when rejection occurred it 
was no more vigorous than usual. Only one center re- 
ported a “severe crisis” as occurred with our patient (pa- 
tient 4), and both their patient and ours are doing well on 
reinstituted immunosuppressive therapy. 


COMMENT 


Dissecting the factors responsible for long-term sur- 
vival of allografts in animal experimentation has been 
difficult.?* In the clinical situation where the patient’s sur- 
vival is paramount, the problems are greatly increased. In 
vivo testing is not acceptable and in vitro testing has been 
virtually impossible due to technical, social, and economic 
factors where the donors, recipients, and testers have 
gone to reside in widely separated places. We have so far 
been unable to overcome these difficulties. 

Clinically, a few cautious observations seem warranted: 
Rejection is not an invariable consequence of the cessa- 
tion of immunosuppressive therapy as has been amply 
shown in animals and again here in humans. When rejec- 
tion does occur, it may be delayed several weeks or months 
providing a period of grace during which complications 
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may be overcome without loss of the graft. When for one 
reason or another immunosuppressive therapy has been 
discontinued and rejection has not occurred, then consid- 
eration should be given to discontinuing immunosuppres- 
sive therapy completely. In the latter situation, when 
weighing the alternatives thought should be given to the 
incidence and severity of previous rejections as well as the 
degree of HL-A and mixed lymphocyte culture immuno- 
identity. 
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Editorial Comment 


Owens et al describe six patients from their own experience and 
review 24 patients from 40 other centers who have had immuno- 
suppressive therapy discontinued either by their physicians or 
themselves. Four of the six patients are still not receiving immu- 
nosuppressive therapy and are doing reasonably well. The authors 
suggest that once immunosuppressive therapy is discontinued, 
and rejection does not appear, that therapy probably should not be 
resumed. I think this is a dangerous statement and an extremely 
controversial point of view. Of our 700 renal transplant patients, 
we are aware of at least six patients who discontinued their own 
immunosuppressive therapy for a variety of emotional and socio- 
pathic reasons. All but one of these patients eventually experi- 
enced a severe rejection episode. These episodes were difficult to 
reverse in most instances and resulted in the loss of four kidneys. 
Whenever we discover that a transplant patient has discontinued 
immunosuppressive therapy, we encourage reinstitution of aza- 
thioprine at least. The question of reinstituting prednisone may 
be open to discussion, depending on the past clinical course of the 
kidney grafts (number of rejections) and its HL-A match as well 
as mixed lymphocyte culture reactivity. 

JOHN S. NAJARIAN, MD 
Minneapolis 
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PPS Ss. o Pe 


A new clinical simulation on 


the control of life-threatening 
hyperfibrinolytic hemorrhage 


Clinical 

simulations 

in 

the management of 
hyperfibrinolytic bleeding 


A NEW EXPERIENCE IN CONTINUING EDUCATION 
This review of hyperfibrinolytic bleeding is both conceptual and 
practical. The complete unit encompasses the concepts involved in 
hyperfibrinolytic bleeding, an experience in clinical problem solving, 
and a recommended course of therapy. 

This program in continuing medical education meets the criteria 
for 2 hours of credit in category 5a for the Physicians Recognition 
Award of the American Medical Association. 


STUDY METHODOLOGY 

Analysis. Mr. O. has four-plus enlargement of the prostate. His 
specific medical history is given, as well as the general background 
of his condition. You will be asked to choose the appropriate tests — 
and based on the results — proceed to step two. 

Surgical Decision. Which shall it be? Transurethral resection’? 
Suprapubic prostatectomy? Perineal? Retropubic? Choose by 
marking the decision box. The latent image color reactor will tell you 
if you were right or wrong. 


POSTOPERATIVE BLEEDING AND TREATMENT 

Prostate bed is irrigated. All is well until the second postop day. 
Patient has begun to hemorrhage. Now the simulation presents you 
with almost a dozen different approaches for control of it. You must 
choose. The tests. The chemotherapy. 








Please have my Lederle representative bring 
CLINICAL SIMULATIONS IN THE MANAGEMENT 
OF HYPERFIBRINOLYTIC BLEEDING. 


C/o L. Carrafiello 
150 White Plains Road 
Tarrytown, N.Y. 10591 
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AMINOCAPROIC ACID 


INTRAVENOUS « TABLETS * SYRUP 


INDICATIONS: AMICAR has proved useful, in many instances, in the treatment of exces- 
sive bleeding which results from systemic hyperfibrinolysis and urinary fibrinolysis. In life- 
threatening situations, fresh whole blood transfusions. fibrinogen infusions, and other 
emergency measures may be required. 

Systemic hyperfibrinolysis, a pathological condition, may frequently be associated with 
surgical complications following heart surgery (with or without cardiac bypass procedures) 
and portacaval shunt; hematological disorders such as aplastic anemia, abruptio placen- 
hy hepatic cirrhosis, neoplastic disease such as carcinoma of the prostate. lung, stomach, 
and cervix. 

Urinary fibrinolysis, usually a normal physiological phenomenon, may frequently be 
associated with life-threatening complications following severe trauma, anoxia, and shock. 
Symptomatic of such complications is surgical hematuria (following prostatectomy and 
nephrectomy) or non-surgical hematuria (accompanying polycystic or neoplastic diseases 
of the genitourinary system). 

CONTRAINDICATIONS: AMICAR should not be used when there is evidence of an active 
intravascular clotting process. 

WARNINGS: Safe use of AMICAR has not been established with respect to adverse effects 
upon fetal development. Therefore, it should not be used in women of child-bearing poten- 
fial and particularly during early pregnancy, unless in the judgment of the physician the 
potential benefits outweigh the possible hazards. 

PRECAUTIONS: AMICAR aminocaproic acid has a very specific action in that it inhibits 
both plasminogen activator substances and, to a lesser degree, plasmin tout The drug 
should NOT be administered without a definite diagnosis, and/or laboratory findings in- 
dicative of Hal abe sae bl (hyperplasminemia).” 

‘Stefanini, M. and Dameshek, W.: The Hemorrhagic Disorders, Ed. 2, New York, Grune 
and Stratton, pp. 510-514, 1962. 

The use of AMICAR should be accompanied by tests designed to determine the amount 
of fibrinolysis présent. There are presently available (a) general tests, such as those for 
the determination of the lysis of a clot of blood or plasma and (b) more specific tests for 
the study of various phases of fibrinolytic mechanisms. These latter tests include both 
semiquantitative and quantitative technics for the determination of profibrinolysin, fibri- 
nolysin, and antifibrinolysin. 

Animal experiments indicate particular caution should be taken in administering AMICAR 

eto patients with cardiac, hepatic or renal diseases. 

Demonstrable animal pathology in some cases have shown endocardial hemorrhages 


ZIP CODE 








and myocardial fat degeneration. The use of this drug should thus be restricted to patients 
in whom the benefit hoped for would outweigh the hazard. Physicians are cautioned in 
the use of this product because of animal data showing rat teratogenicity and kidney 
concretions. 

Rapid intravenous administration of the drug should be avoided since this may imduce 
hypotension, bradycardia and/or arrhythmia. í 

Dne case of cardiac and hepatic lesions observed in man has been reported, The patient 
received 2 grams of aminocaproic acid every 6 hours for a total dose of 26 grams. Death 
was due to continued cerebral vascular hemorrhage. Necrotic changes in the heart and 
liver were noted at autopsy. 

If it is accepted that fibrinolysis is a normal process, ipciii active at all times to 
ensure the fluidity of blood, then it must also be accepted that inhibition of fibrinolysis by 
aminocaproic acid may result in clotting or thrombosis. However, there is no definite evi- 
dence that administration of aminocaproic acid has been responsible for the few reported 
cases of intravascular clotting which followed this treatment. Rather, it appears that such 
intravascular clotting was most likely a result of the fibrinolytic disease being treated. 

It has been postulated that extravascular clots formed in vivo with incorporated amino- 
caproic acid may not rear spontaneous lysis as do normal clots. However, it is the 
consensus of experts that the few reported cases of extravascular clotting could have 
occurred in the absence of aminocaproic acid treatment. 

ADVERSE REACTIONS: Occasionally nausea, cramps, diarrhea, dizziness, tinnitus, 
malaise, conjunctival suffusion, nasal stuffiness, headache, and skin rash have been re- 
ported as results of the administration of aminocaproic acid. Only rarely has it been neces- 
sary to discontinue or reduce medication because of one or more of these effects. 
hrombophlebitis, a possibility with all intravenous therapy, should be guarded against 
by strict attention to the proper insertion of the needle and the fixing of its position. 
DOSAGE AND ADMINISTRATION: /N/T/AL THERAPY —An initial priming dose of 5 grams 
of AMICAR administered either orally or intravenously followed by 1 to 1⁄4 gram doses at 
hourly intervals thereafter should achieve and sustain plasma levels of 0.130 mg/ml. of 
the drug. This is the concentration apparently necessary for the inhibition of systemic 
hyperfibrinolysis. Administration of more than 30 grams in any 24-hour period is 
not recommended. 
INTRAVENOUS: AMICAR aminocaproic acid Intravenous is administered by infusion, 
utilizing the usual compatible intravenous vehicles (e.g. Sterile Water for Injection, physio- 
logic saline, 5% dextrose or Ringer's Solution). RAPID INJECTION OF AMICAR INTRA- 
VENOUS UNDILUTED INTO A VEIN IS NOT RECOMMENDED. : 

For the treatment of acute bleeding syndromes due to elevated fibrinolytic activity, itvis 
suggested that 16 to 20 cc. (4 to 5 grams) of AMICAR Intravenous be administered by infu- 
sion during the first hour of treatment, followed by a continuing infusion at the rate of 4 cc. 
(1.0 gram) per hour. This method of treatment would ordinarily be continued for about 
8 hours or until the bleeding situation has been controlled. 

ORAL THERAPY: If the patient is able to take medication by mouth, an identica! dosage 
regimen may be followed by administering AMICAR Tablets or 25% Syrup as follows: For 
the treatment of acute bleeding syndromes due to elevated fibrinolytic activity, it is sug- 
gested that 10 tablets (5 grams) or 4 teaspoonfuls of syrup (5 grams) of AMICAR be admin- 
istered during the-first hour of treatment. followed by a continuing rate of 2 tablets (1 gram) 
or 1 teaspoonful of syrup (1% grams) per hour. This method of treatment would ordinarily 
be continued for about 8 hours or until the bleeding situation has been eta irae AY k 

. 7/72 


LEDERLE LABORATORIES, A Division of American Cyanamid Company, Pearl River, New York 10965 211-5 





CHIEF 
OF 
SURGERY 


Group Health Association of 
Washington, D. C., is seeking 
a general surgeon to serve as 
Chief of a multi-divisional sur- 
gical department, with divi- 
sions of General Surgery, Tho- 


GENERAL 
SURGEONS 


Group Health Association of 
Washington, D. C., is seeking 
Board eligible or Board certi- 
fied university-trained gener- 
al surgeons to practice in a 
multi-specialty medical group 


racic and Cardiovascular with Currently more than 80 
Surgery, Plastic Surgery, Uro- full-time physicians on staff 
logy, Orthopedic Surgery, 

ENT, and Ophthalmology. 


Qualifications include Board 
certification in General 
Surgery and demonstrated 
leadership and Clinical ability 


As one of the oldest and well-established prepaid group 
Practices, we are presently serving 100,000 members in 
Washington, D. C., and suburban Virginia and Maryland. 

A career with GHA offers varied clinical experience in a multi- 
Specialty medical group which is dedicated to excellence in 
primary and specialty medical care: a pleasant environment: 
excellent income; and generous benefits. including: holidays, 
study, and annual leave: teaching time: pension plan: deferred 
income plan; life, disability, malpractice. and family health 
insurances. 


Positions available July, 1976. 
For further information. please write or telephone: 
Peter Birk, M. D. 
Medical Director 
Group Health Association. Inc. 
2121 Pennsylvania Avenue, N.W. 
Washington, D. C. 20037 
(202) 872-7353 
An Equal Opportunity Employer 





Now 


available! 
The latest 


information 


on self - 
assessment 
programs. 
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A NEW PRESCRIPTION TO 
ASSURE YOUR TRAVELING 
PATIENTS A BON VOYAGE 


The AMA's new booklet, PHYSICIAN’S GUIDE TO 
MEDICAL ADVICE FOR OVERSEAS TRAVELERS, was 
developed to help practicing physicians render pre- 
ventive medical services to traveling patients. 
It provides a weath of information, such as 
how to protect patients against tropical 
diseases, time zone changes, parasites 
and complications of existing hand- 
icaps. Plus what to advise about 
diets, immunizations, and overseas 
medical care. 


To order your copy (60¢ ea.) of this 
new guide, OP-411, write: Order Dept., 
American Medical Association, 535 N. Dear- 
born St., Chicago, IIl. 60610. 







The new edition of the AMA’s 
DIRECTORY OF SELF-ASSESS- 
MENT PROGRAMS FOR PHY- 
SICIANS is now available. It lists 
programs sponsored by all major 
specialty societies, on 21 topics. 


Each program is listed by topic 
and sponsor and includes sites 
and times of tests, content, for- 
mat, time required, method of 
scoring, aids to learning, fees 
and whom to write. 


To order your copy 
of the Directory, 
($1 ea.) write: Order 
Dept. OP-414, 
American Medical 
Association, 

535 N. Dearborn St., 
Chicago, Ill. 60610. 


DIRECTORY OF 

SELF-ASSESSMENT 

PROGRAMS FOR 
x PHYSICIANS 








Pancreatoduodenectomy 


Results When the Operation Is Performed Infrequently 


Peter Bloom, MD, Michael L. Steer, MD 


è A series of 13 pancreatoduodenectomies were performed in 
a medium-sized university hospital by seven different primary 
surgeons during an eight-year period without an operative death. 
The incidence of fistula, wound infection, and other major com- 
plications compares favorably with other, larger series. All but 
two of these operations were performed by resident surgeons. 
The suggestion that one must have a large experience with this 
operation in order to perform it safely has not been borne out by 
_ our experience. We believe that careful preoperative preparation 
and meticulous operative technique are the primary factors 
enabling the safe performance of the operation. 

(Arch Surg 110:1455-1457, 1975) 


number of recent reports have claimed that in order 
to achieve an acceptably low operative mortality, 
radical pancreatoduodenectomy should be performed only 
in large surgical centers and by surgeons with a large ex- 
perience performing this procedure.‘* In order to examine 
the validity of this claim we reviewed the experience at 
Beth Israel Hospital with a view toward establishing the 
safety record of this operation in a 400-bed university 
teaching hospital. It was our preconception that this oper- 
ation could be safely done by any surgeon who is techni- 
cally competent to perform complicated operations, who is 
familiar with the relevant literature, and who approaches 
_ the operation with meticulous attention to detail. 
_ This communication reports the experience of a number 


¢ of surgeons each performing this procedure infrequently. 


In the course of this review, we noted that various tech- 
niques had been employed. Although our series is small, 


Accepted for publication April 3, 1975. 

From thé departments of surgery, Beth Israel Hospital and Harvard 
Medical School, Boston. Dr Bloom is now affiliated with Hartford (Conn) 
Hospital. 

Reprint requests to 330 Brookline Ave, Boston, MA 02215 (Dr Steer). 
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we have examined our results in the hope that these vari- 
ations in technique might suggest methods of minimizing 
complications. 

This review includes all those patients undergoing pan- 
creatoduodenectomy at this hospital during the years 1966 
through 1974—a period chosen to coincide with the exis- 
tence of the present Department of Surgery. There were 
13 such patients (Table). Eleven of the procedures were 
performed by five resident surgeons usually with the as- 
sistance of one of six different staff members. Ten of 13 
patients were operated on for malignant disease, the re- 
maining three for complications of pancreatitis. Criteria 
for operability included the lack of evidence of distant me- 
tastases and/or lack of involvement of contiguous struc- 
tures, such as the portal vein, superior mesenteric vessels, 
inferior vena cava, or celiac axis. 


RESULTS © 


There was no operative mortality in this series. The hos- 
pital stay following operation varied from 15 to 39 days 
and averaged 25 days (Table). Three patients required no 
blood transfusions during the operative and preoperative 
period while the maximum transfusion requirement was 4 
units of blood and the average amount transfused in this 
series was 1.5 units (Table). Seven of 13 patients ex- 
perienced a major postoperative complication and an addi- 
tional two had very minor localized wound infections 
(Table). There was one biliary fistula and one pancreatic 
fistula. Two patients experienced immediate postopera- 
tive hemorrhage in the upper part of the gastrointestinal 
tract. One of these patients required reoperation to con- 
trol bleeding. In both instances, bleeding was believed to 
be coming from the gastrojejunostomy suture line. In ad- 
dition to the two minor wound infections, one patient de- 
veloped a major wound infection. The overall incidence of 
wound infections was 3 out of 13. 

Each patient had an end-to-side pancreatojejunostomy 
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Results of Pancreatoduodenectomy 


Patient/ Pathologic 
Age, yr/Sex Conditions Survival 
1/65/F Carcinoma, head of Died (33 mo) 
pancreas 
2/38/M Carcinoma, duodenum Alive & well (18 mo) 
3/67/M Carcinoma, common duct Died (14 mo, 
myocardial infarct) 
4/73/F Carcinoma, pancreas Alive & well (8 mo) 
5/47/F Pancreatic pseudocyst Alive & well (28 mo) 
and abscess, pyloric 
obstruction 
6/37/F Pancreatitis, annular Alive & well (39 mo) 
Pancreas, duodenal 
obstruction 
7/60/F Carcinoma, ampulla Died (33 mo) 
8/50/F Carcinoma, Died (32 mo) 





Postoperative Blood 
Hospital Stay, Transfusions, 
Days Units Complications 
15 2 None 
39 0 Gastroenterostomy dysfunction 
requiring reoperation 
18 0 None 
14 3 Superficial wound infection 
23 3 None 
16 1 None 
33 1 Efferent loop obstruction at 
superior mesenteric artery 
21 2 Bleeding of upper part of 


periampullary gastrointestinal tract 
9/55/F Carcinoma, ampulla Alive & well (38 mo) 26 2 Drain infection 


10/71/F Pancreatitis Alive & well (3 mo) 


11/64/M Carcinoma, pancreas Alive & well (2 mo) 


performed with an outer layer of silk and mucosa-to-mu- 
cosa anastomosis of the duct over a stent. The only pan- 
creatic leak occurred when chromic suture was used for 
the mucosal suture line. Twelve of the 13 patients had an 
end-te-side choledochojejunostomy. The only biliary fis- 
tula that occurred in this series developed in the patient 
with an end-to-end anastomosis. 

Drains were employed in nine of 13 patients. In two pa- 
tients drains were placed in the general area, but not in 
contact with, the pancreatojejunal anastomosis. In one of 
these patients a pancreatic fistula developed. In addition, 
the only biliary fistula developed in a patient whose drain 
was placed below the right lobe of the liver. One other pa- 
tient with a drain had an infection of the drain site itself. 

The jejunal loop was placed in a variety of anatomic po- 
sitions. In four patients the jejunal limb was placed be- 
neath the superior mesenteric vessels where the duode- 
num had been previously. One of these four patients 
developed a roentographically demonstrated obstruction 
at the level of the superior mesenteric vessels, and a sec- 
ond patient developed gastrojejunostomy dysfunction and 
required reoperation. 

Four patients had no complications after pancreatodu- 
odenectomy. This group included two of the three patients 
operated on for pancreatitis. 


COMMENT 


Much debate has centered around the merits of per- 


` forming radical extirpative surgery for periampullary car- 


cinoma, particularly carcinoma of the pancreas, because of 
the high mortality of the procedure compared to the real 
but limited five-year survival of patients so treated.:+° 
The suggestion has been repeatedly made that the proce- 
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38 1 Bleeding of upper part of 
gastrointestinal tract, 
wound infection 

37 0 Pancreatic fistula 


| 12/56/F Carcinoma, duodenum Alive & well (50 mo) 21 1 Superficial wound infection 
13/58/F Carcinoma, common duct Alive & well (11 mo) 25 4 Bile leak 


dure should be done only by those experienced in perform- 
ing it.’ Howard® has stated that “centralization” was 
necessary to avoid high mortality with pancreatoduo- 
denectomy and that the operative work should be concen- 
trated in the hands of a few senior surgeons, ie, those who 
already have large experience with the operation. Jordan 
has supported this position.’ Gilsdorf and Spanos? re- 
ported that, at the University of Minnesota, patients 
operated on by three selected “expert” surgeons had no 
operative mortality whereas those operated on by the re- 
mainder of the staff had a 50% operative mortality! Mor- 
tality ranging from 13.8% to 51% reported by Morris and 
Nardi,’ Fish and Cleveland,” Gilsdorf and Spanos,* Beall 
et al,’ Richards and Sosin,” Smith et al, and Aston and 
Longmire,’ in collected general hospital series, have been 
used to support this concept. Our series reveals, however, 
that it is possible to perform this operation safely, without 
great experience with this particular operation, if the prin- 
ciples developed during recent years by groups with a ma- 
jor interest in the field are followed and if the operating 
surgeon is technically competent and prepared to perform 
the procedure with meticulous attention to detail. In our 
series of 13 patients undergoing pancreatoduodeneetomy, 
for the most part performed by resident surgeons, there 
were no operative deaths. There were, however, substan- 
tial complications. 

Our pancreatic and biliary fistula rates, 7.7% each, com- 
pare favorably with the large series incidence of these 
complications, which are reported to be 4% to 18.4% and’ 
6.2% to 7.9%, respectively. The total ineidence of fistulas in 
our series was 14.4% compared to reported fistuld rates of 
14% to 26.3%."***" It is possible that the pancreatic fis- 
tula developed because chromic catgut sutures were used 
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for the mucosal anastomosis. Because of the presence of 
activated proteolytic enzymes at this site, we would now 
favor the use of nonabsorbable suture material for both 
layers of the pancreatic anastomosis.’ It is also possible 
that the single biliary fistula occurred because the chole- 
dochojejunostomy was done end to end. At the present 
time, we would favor an end-to-side anastomosis for the 
choledochojejunostomy. On the other hand, both the pan- 
creatic and biliary fistulas occurred in patients with drains 
placed near these respective anastomoses. For this reason, 
we now advocate placing a drain only near the gallbladder 
bed and removing it within 48 hours. 

Two patients developed postoperative hemorrhage in 
the upper part of the gastrointestinal tract and, in both 
cases, this bleeding was believed to come from the gastro- 
jejunostomy suture line. Payr clamps had been used to 
crush the gastric wall during the gastric resection in both 
instances. Absolute hemostasis at this suture line must be 
obtained at operation in order to preclude this complica- 
tion. Unfortunately, the Payr clamp may allow important 
vessels to retract and this may result in a delayed hemor- 
rhage. 

On four occasions, the reconstruction was carried out by 
bringing the jejunum through the site of the former liga- 
ment of Treitz, under the superior mesenteric vessels. One 
of thése patients experienced anastomotic dysfunction 
and required reoperation. In a second patient, a clear com- 
pression of the efferent limb was shown roentgenograph- 
ically at the level of the superior, mesenteric artery. This 
experience would suggest that this method of reconstruc- 
tion may lead to an obstruction of the upper part of the 
gastrointestinal tract. 

In this report, we have described the results of pancre- 
atoduodenectomy when the procedure is performed in- 
frequently. Therefore, our series is small, and significant 
data regarding complications and their causes are un- 
available. However, in reviewing our experience, we have 
found indications that certain technical factors may pre- 
dispose to complications. We would limit the use of drains 
to the gallbladder bed and would avoid using Payr clamps 
during the gastric resection. We would favor the use of 
nonabsorbable suture material for both layers of the pan- 
_ ereatic anastomosis and advocate end-to-side anastomosis 
for both the choledochojejunostomy and pancreatojejunos- 
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tomy. In addition, we would avoid placing the jejunum be- 
neath the superior mesenteric vessels. 
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Editorial Comment 


Nearly every surgical resident aspires to his own Whipple oper- | 


ation. This report of such operations, done by surgeons who do not 
perform the procedure frequently, shows us that acceptable mor- 
bidity and mortality can result. However, each surgeon who con- 
templates a pancreatoduodenectomy would do well to study not 
only anatomy, but also those lessons written by others concerning 
operative indications, metabolic and digestive consequences, the 
meanings of cure vs palliation, and operative survival vs surgical 
success. Each complication reported in this series with subsequent 
advice concerning its avoidance may be a result of some technical 
failure. It is in the prevention of these technical failures that great 
experience may furnish a decisive edge leading to case variances 
of technique, total instead of partial pancreatectomy, earlier or 


clearer definition of resectability, or simply lowering of operative © 


time. 
JOHN S. WELCH, MD 
Rochester, Minn 


Pancreatoduodenectomy—Bloom & Steer 1457 





ki k, fed 


t Cr ST 


aa. 


a5 


| 


_ Evaluation of 





_ Endarterectomy for Aortoiliac and 
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as Toshio Inahara, MD 


e During the past 11 years, 180 patients with aortoiliac and 
aortoiliofemoral occlusive disease were treated exclusively by 
= endarterectomy. There were 59 patients in the former group and 
= 121 patients in the latter group. A standard method of aortoiliac 
= endarterectomy was applied to all patients. However, when dis- 
= @ase extended to the external iliac and common femoral ar- 
~ teries, the eversion endarterectomy proved to be an invaluable 
technical aid. 

_ Cumulative patency rates to 11 years for the aortoiliac group 
= was 85.7%, and for the aortoiliofemoral group it was 90.6%. Our 
_ results suggest that endarterectomy is the procedure of choice 
| for the management of obliterative disease in the aorta, iliac, and 
= femoral arteries. 

= (Arch Surg 110:1458-1464, 1975) 


darterectomy for the treatment of occlusive disease 


<A = of the aorta and iliac arteries is a widely accepted 


~ procedure. We believe that excellent early and late results 


a y depend on the intrinsic advantages of autogenous tissue, 
= aS compared with prosthetic materials. These inherent 
BS = qualities include the pliability and ease of reconstruction, 
in _ the low incidence of acute thrombosis, a relative resist- 
-__ ance to infection, and most important of all, durability of 
4 


= long-term patency.’ 

re For these reasons, we have used endarterectomy as the 
= only initial operative treatment for both aortoiliac and 
aortoiliofemoral occlusive disease. No patient received 
Dacron bypass grafts as a primary operation except as re- 
_ placement of an aortic aneurysm. We began this study 
= with the following questions in mind: What are the imme- 
_ diate morbidity and mortality resulting from endarterec- 
. tomy, and what are its early and late arterial complica- 


= Aceepted for publication March 17, 1975. 

n From the Department of Surgery, St. Vincent Hospital and Medical Cen- 
\ ter, Portland, Ore. 

IE Reprint requests to 2211 Lloyd Center, Portland, OR 97232 (Dr Inahara). 
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_ Aortoiliofemoral Occlusive Disease 


tions? Can this operation be applied to all patients, 
irrespective of age or extent of disease? What is the long- 
term success and failure rate of this operation as com- 
pared with other operative procedures? 


SUBJECTS AND METHODS 


The period of study began in August 1962, at which time the 
eversion method of endarterectomy was first devised and applied 
to aortoiliofemora! occlusive disease. Figure 1 describes our tech- 
niques.*° 

During an 11-year period (August 1962 to August 1973), 180 pa- 
tients with atherosclerosis were treated by endarterectomy. They 
were categorized into two basic groups: (1) an aortoiliac (AI) 
group, patients in whom atherosclerosis was limited to the aorta 
and common iliac arteries, but frequently extended into the hypo- 
gastric and proximal external iliac arteries, and (2) an aortoilio- 
femoral (AIF) group, patients in whom atherosclerosis was more 
extensive. In the AIF group, the disease involved the aorta, the 
common and external iliac, and the common and profunda femoral 
arteries. The hypogastric arteries were usually more severely dis- 
eased. As a group, the AIF patients were seven years older than 
the AI patients. The AI group totaled 59 patients (83%) and the 
AIF group totaled 121 patients (67%). Similar patient distribution — 
has been reported by other authors.** In both groups, the inci- 
dence and extent of associated femoral popliteal disease was fully 
assessed by femoral arteriography. Figure 2 shows the age and 
sex incidence in both groups. 

Table 1 lists the symptoms first seen in these patients. Inter- 
mittent claudication was a dominant complaint in both groups. 
The AIF patients developed claudication at an average of just un- 
der one block, as compared with an average of two blocks for the 
AI group. Advanced ischemic disease occurred more frequently in 
the AIF patients. 

Every patient had an angiography by percutaneous needle can- 
nulation of the common femoral arteries, even in the absence of a ° 
palpable femoral pulse. Aortography and femoral arteriography 
were performed by retrograde injections, using a volume-con- 
trolled injector. Results of these findings are tabulated in Table 2» 
The incidence of stenoses and occlusions of the larger arteries 
were almost equal in both groups of patients, but occlusions of the 
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Fig 1.—Eversion endarterectomy technique. (From Inahara and 
Pineda’) A, Common femoral artery divided proximal to its bifur- 
cation, with eversion of distal segment and removal of athero- 
matous core. B, Proximal eversion through common iliac arteri- 
otomy begun. C, Eversion continuing. D, Eversion completed, 
simplifying debridement. E, Endarterectomy completed, vessel 
anastomosed (note oblique incision). 


more distal arteries (femoral popliteal) were more common in the 
AIF group. 


Associated Diseases 


Diseases of other systems commonly coexist with diffuse arteri- 
osclerosis of major abdominal vessels. Hypertension (160/90 mm 
Hg or higher) was the most frequent associated disease. Others 
are summarized in Fig 3. 


Operative Procedure 


Two basic operations were performed in this series: aortoiliac 
endarterectomy or aortoiliofemoral endarterectomy. We used left 
paramedian and inguinal incisions almost exclusively. Aortoto- 
mies and common iliac arteriotomies were longitudinal. In the lat- 
ter years of the study, we performed hypogastric endarterec- 
tomies directly through longitudinal arteriotomies rather than 
indirectly through the common iliac artery. In the AIF group, we 
used the eversion method of endarterectomy to extend the basic 
aortoiliac endarterectomy for greater exposure of the external 
- iliac and common femoral arteries.*° 

Following both basic procedures, we commonly supplemented 
the terminus of the endarterectomy with vein patch grafts. In the 
eAl group (30 limbs), this was done at the common and external 
iliac junction. In the AIF group (43 limbs), it was done at the com- 
mon femoral and profunda, or superficial femoral junctions. In ad- 
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Fig 2.—Age-sex incidence in 180 patients. 


dition, we extended the endarterectomy distally (6 to 8 cm) into 
the profunda femoral artery in 16 limbs, with long vein patches in 
13 limbs. At the distal end of the aortoiliofemoral endarterectomy, 
the common femoral arteries were transected and reconstructed 
with an oblique anastomosis. The operating time for bilateral 
aortoiliofemoral endarterectomy averaged between five and six 
hours. Blood replacement averaged 1,500 ml. None of the endarter- 
ectomy procedures were converted to bypass grafts during the op- 
eration due to the difficulty of completing the initial technique. 
Terminal intraoperative arteriography was not done. 

Concomitant procedures included a lumbar sympathectomy in 
one patient and femoral popliteal grafts in four patients. Two pa- 
tients with thrombosed aortofemoral bypass grafts required re- 
construction with end-to-end insertion of a new aortic bifurcation 
graft to the common iliac artery, as well as distal endarterectomy 
to the profunda femoral arteries. Similar procedures were per- 
formed in 18 patients who had combined aortic aneurysm and dis- 
tal occlusive disease. 

The choice of anesthesia evolved from spinal to continuous spi- 


nal. However, continuous epidural anesthesia is now employed. All 


patients were supplemented with general anesthesia by trans- 
nasoendotracheal intubation. This technique simplified manage- 
ment of the patient in the intensive care unit. Volume-regulated 
respirators provided ventilatory assistance for 12 to 36 hours, and 
if necessary, for up to seven days, usually without a tracheostomy. 
Continuous epidural anesthesia with fractional doses of lidocaine 
(1.5%) or bupivacaine hydrochloride (0.5%) relieves pain and allows 
maximal respiratory effort before and after extubation. It reduces 


the need for narcotic medications, thus minimizing their depres- 


sant effects. 
RESULTS 


Early Results 


Results of the operative treatment are divided into 
early and late periods. Table 3 shows the early operative 
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results. Endarterectomy successfully restored femoral 
pulses in all surviving patients. Patients without femoral 
popliteal disease regained asymptomatic walking. Those 
with femoral popliteal occlusions were improved, but ex- 
perienced varying degrees of residual claudication. All pa- 
tients in the advanced stages of the disease who had rest 
pain and ischemic lesions were markedly improved; 
ischemic rest pain was relieved and ulcers eventually 
healed. One preexisting gangrenous toe required amputa- 
tion following revascularization. 

Neither acute hemorrhage nor thrombosis occurred 
postoperatively in the AI group. However, in the AIF 
group, three acute complications resulted from technical 
errors. One acute hemorrhage occurred at the site of a 
common iliac suture line. Two acute thromboses of the ex- 
terna! iliac artery developed within 12 hours, one from a 
stenosis at the suture line that had repaired an oblique 
tear, and the second from overlooked disease in the pro- 
funda femoral artery. These were immediately restored 
without further complications. 

Other complications included an acute intestinal ob- 
struction from an adhesive band, and two lymphatic fis- 
tulas in the groin. There were no thromboembolic compli- 
cations. Seventeen patients (10%) had complications of the 
urinary tract and 39 patients (23%) had pulmonary compli- 
cations. One patient died from Staphylococcus aureus 
pneumonia. 

Two patients (3.7%) died in the AI group and six pa- 
tients (5%) died in the AIF group. The causes of death 
were as follows: (1) cardiac infarction (two patients); (2) 
acute tubular necrosis (two patients); (3) intestinal infarc- 
tion (two patients); (4) pneumonia (one patient); and (5) 
stroke (one patient). Of the eight postoperative deaths, 
five oceurred during the early years of this study. The 172 
surviving patients left the hospital with patent vessels 


Table 1.—Distribution of Symptoms First Seen in Patients 


Aortoiliac 
Patients 


53 (90%) 
3 (5%) 
3 (5%) 


Aortoiliofemoral 
Patients 


77 (63%) 
26 (21%) 
18 (16%) 


Table 2.—Arteriographic Results 


No. of No. of Femoral 
Stenosed Occluded Popliteal 
Limbs Limbs Occlusion 


46 (49%) 48 (51%) 17 (14%) 


Claudication 
Rest pain 
Ulcer/ gangrene 


Disease 
Aortoiliac 





Aortoiliofemoral 85 (46%) 101 (54%) 91 (49%) 


and palpable femoral pulses. Immediate postoperative 
aortography is not routine, but follow-up aortography is 
performed if other vessels require study. To date, 52 pa- 
tients (30% of the entire group) have been restudied. 


Late Results 


Each patient was requested to return for an annual ex- 
amination. Every patient has returned except for one in 
the AIF group. He was last examined three years after 
the operation, and he had patent vessels at that time. 

In the AI group, four patients developed reocclusions 
from 3 to 107 months (average, 62 months) after their ini- 
tial operations. The earliest reocclusion resulted at three 
months from a false, sterile aneurysm at the site of a com- 
mon iliac arteriorrhaphy. Another occlusion 107 months 
after surgery also involved the common iliac artery; both 
have been repaired with Dacron prostheses. A third pa- 
tient had a reocclusion at 44 months but has not under- 
gone a second operation. A fourth failure, at 94 months, 
preceded the patient’s death (coronary occlusion) by two 
months. He was walking with claudication but died prior 
to scheduled angiography. The two reocclusions studied by 
angiography were within the common iliac arteries at the 
sites of prior endarterectomies, and did not involve the ex- 
ternal iliac arteries. Two of the failures were in women. 
Table 4 summarizes the late failures for both groups. Over 
an 1l-year period, four failures out of 114 limbs at risk 
show an accumulative patency rate of 85.7% (Table 5).° 

In the AI group, nine (15.9%) late deaths occurred be- 
tween 14 and 106 months after operation. Eight deaths 
were due to heart disease, and one was due to cancer of 
the lung. The 48 surviving patients remain alive and in 
improved condition, with palpable femoral pulses. There 
have been no amputations, but three patients did require 
additional arterial procedures. One patient had an end- 
arterectomy of an external iliac artery, and two patients 
required femoral popliteal bypass grafts for progressive 
distal disease. 

In the AIF group, nine patients developed reocclusions 
or stenoses between 13 and 67 months after surgery (aver- 
age, 44 months). Angiography showed seven reocclusions 
of the external iliac, one reocclusion of both the common 
and external iliac, and one stenosis of a common femoral 
artery. Seven of these failures have been corrected with 
grafts. Two patients have elected to tolerate their symp- 
toms. Over the 1l-year period, nine failures out of 176 
limbs at risk show an accumulative patency rate of 90.6% 
(Table 6).° 

In the AIF group, 85 patients remain improved and 
ambulatory with palpable femoral pulses. Additional pro- 
cedures were required in 12 patients (femoral popliteal by- 


Table 3.—Early Operative Results 


No. Improved 


No. of C 
and Discharged 


Deaths 


No. of 
Patients 


No. of 
Limbs 


Operation 


Aortoiliac endarterectomy 59 118 2 (3.7%) 57 patients (114 limbs) 





Aortoiliofemoral endarterectomy 121 186 6 (5.0%) 115 patients (176 limbs) 


1460 Arch Surg-Vol 110, Dec 1975 Endarterectomy—Inahara 











=" 7s i To = 7 iw." "=e" — Ley 

ja Te- TOAFA ra? oe Ti Wray Fi "Th : 7 ae Se Tc? a pe pE 
oC YS s 

. 

- 


pass grafts or segmental endarterectomies of the super- that of the AIF patients, fared better and had fewer com- 
ficial femoral or popliteal arteries). Failure of one femoral plications. Comparable operative mortality (3.7% and 5%) 
popliteal graft has led to an above-knee amputation de- for the two groups was low. All patients were treated irre- 
spite a patent iliac and common femoral artery. One pa- spective of their general health when ischemia threatened 
tient in each group had developed a small fusiform aneu- viability of a limb. 
rysm at the site of previous aortic endarterectomy. Both Reocclusions within the endarterectomized vessels were 
were replaced with Dacron bifurcation grafts. the major cause of late complications. All reocclusions 
There have been 30 late deaths in the AIF group: 21 came on suddenly, with acute symptoms of ischemia. For- 
deaths (70%) were due to cardiac causes, two were due to tunately, these 12 patients developed sufficient collateral 
mesenteric infarction, and one was due to stroke. One arterial flow to maintain limb viability. Since we divide 
death occurred secondary to an aortoduodenal fistula. This the inferior epigastric, superficial, and deep lateral cir- 
patient was initially admitted with a thrombosed aorto- cumflex iliac branches of the common femoral artery dur- 


femoral bypass graft that was repaired with an aortic bi- ing the eversion method of endarterectomy, we feared the 
fureation graft and iliofemoral endarterectomy. Five pa- loss of this potential source of collateral circulation. How- 
tients died of cancer during the late interval of five to ever, our experience has shown that collateral arterial cir- 
nine years after operation. culation remains adequate in reocclusions of the common 

COMMENT and external iliac arteries, despite our earlier apprehen- 


sions. The only amputation in this series was unrelated to 

Our early and late results indicate that endarterectomy the endarterectomy. 
has a solid place in the treatment of both AI and AIF oc- We attribute the lack of infection to the following fac- 
clusive disease. Femoral pulses were restored in all pa- tors: (1) use of autogenous vessels and avoidance of pros- 
tients. The AI group, whose disease was less severe than theses; (2) meticulous attention to aseptic technique; (3) 


Table 4.—Late Failures in 13 Limbs” 


AY AIF 


ee ns ek nk eeg-=-=cs—— SF 
No. of Occlusion Occlusion 
Months Site Site Repair 


3F Common iliac External iliac Dacron 
44 Aortic bifurcation External iliac Dacron 
94 Common femoral (stenosis) Vein 
Common iliac External iliac None 
Average, 62 mo External iliac Bovine 
External iliac Dacron 
Common iliac-external iliact Dacron 
External iliac Dacron 
External iliac None 
Average, 44 mo 





* Females=F; males are unmarked. 
t Dual occulsion site. 


Table 5.—Accumulative Patency Data After Al Endarterectomy 


No. of Endarterectomies Not Observed 
Throughout Period Due to: 












No. of a pg ee 
Endarterec- Endarterec- Endarterec- Interval Interval Accumulated SE of 

tomies at tomies tomies Lost to Failure Patency Patency Patency 

Interval Risk Failing Death LosttoDeath Follow-up Rate, % Rate, % Rate, % Rate, % 
Under 30 days 118 0 2 4 0 0 100.0 100.0 0 
30 days-1 yr 114 1 0 0 0 0.9 99.1 99.1 0.9 
1- 2yr 97 0 1 2 0 0 100.0 99.1 0.9 
2- 3yr 83 0 0 0 0 0 100.0 99.1 0.9 
3- 4yr 73 2 0 0 0 2.7 97.3 96.4 2.1 
4- 5yr 66 0 2 4 0 0 100.0 96.4 2.1 
5- 6 yr 54 0 2 4 0 0 100.0 96.4 2.1 
9-10 yr 17 1 0 0 0 5.9 94.1 85.7 6.5 
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a i - Table 6.—Accumulative Patency Data After AIF Endarterectomy 
my No. of Endarterectomies Not Observed 
eg Throughout Period Due to: 
W No. of No. of ER SESE” AD RSS ESN, CRN 
BE- Endarterec- Endarterec- Endarterec- Interval Interval Accumulated SE of 
E. tomies at tomies tomies Lost to Failure Patency Patency Patency 
Ps. Interval Risk Failing Death Lostto Death Follow-up Rate, % Rate, % Rate, % Rate, % 
JA Under 30 days 186 1 6 10 0 0.6 99.4 % 0.6 
E 30 days-1 yr 175 0 6 8 0 0 700.0 99.4 0.6 
og 1- 2yr 150 1 5 8 0 0.7 99.3 99.4 0.9 
An 4 2- 3yr 131 3 3 4 2 2.3 97.7 98.8 1.6 7 
Se 3- 4yr 110 1 3 4 0 0.9 99.1 96.5 1.8 
i > 4- 5yr 88 2 2 4 0 2.3 97.7 95.6 2.3 
oe 2 5- 6 yr 70 2 1 2 0 2.9 97.1 93.3 3.0 
a 6- 7yr 40 0 6 9 0 0 100.0 90.6 3.0 
A 7- 8yr 27 0 2 2 0 0 100.0 90.6 3.0 
a 8- 9yr 11 0 2 3 0 0 100.0 90.6 3.0 o 
ee 9-10 yr 3 0 0 0 0 0 100.0 90.6 3.0 
E- 40-41 yr 3 TEJ 0 0 | 0 aK 100.0 er A ee 
- y 4 
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gentle handling of tissues; and (4) antimicrobial drugs. 

Two patients had acute hemorrhages. One patient de- 
veloped a false aneurysm at a common iliac suture line 
that resulted from a tear of a thin arterial wall. This 
proved to be sterile and was replaced by a Dacron graft. A 
second patient died of an acute hemorrhage from an 
aortoduodenal fistula and acute bleeding. These two pa- 
tients represent the only instances of intrinsic arterial 
wall complications in this series. 

Angiographic studies showed that thromboses usually 
occurred at endarterectomy sites, rather than in the con- 
tiguous segments of artery on which we did not operate. 
In the AI group, two of the four failures had reocclusions 
only at the common iliac artery. Another reocclusion in- 
volved the entire aortoiliac bifurcation. The fourth failure 
was in a patient who died prior to localization of his 
thrombosis. In the AIF group, seven out of nine reocclu- 
sions involved only the external iliac artery. This con- 
trasts with the common view that failures result from pro- 
gression of atherosclerosis with consequent thrombosis in 
the contiguous vessel that is not treated in surgery. The 
external iliac artery undoubtedly is the weakest link in 
AIF endarterectomy reconstruction.'” In assessing our 
failures, we believe that reocclusions of the external iliac 
appear to be directly related to the original small caliber 
of the vessel. Thromboses have predominantly occurred in 
women (whose vessels are usually small) and in men of 
small physical size. We noted this in six of the nine in- 
stances of failures. 

We attribute the successful restoration of circulation in 
AIF disease chiefly to the eversion method of endarterec- 
tomy. This technique offers three main advantages in 
managing the external iliac and common femoral seg- 
ments. The first advantage is in temporarily removing the 
artery from its inaccessible position beneath the inguinal 
ligament, as this aids exposure and helps prevent injury. 
A second advantage is found in eversion of the external 
iliac and common femoral arteries from both ends of the 
segment, which allows a complete and thorough endar- 
terectomy that is impossible by the closed method. Few 
surgeons fully appreciate how difficult it is to debride ev- 
ery fragment of disease and media until they turn the ar- 
tery inside out over its entire length. We believe that this 
thorough debridement is the key to avoiding early postop- 
erative thrombosis. The third and probably most impor- 
tant contribution of this technique toward maintaining 
long-term patency is the resultant increased diameter of 
the endarterectomized segment. This is accomplished in 
two ways. Endarterectomy and removal of the circular 
layer of media allow the circumference of the vessel to ex- 
pand evenly over its entire length. The diameter enlarges 
by at least 2 to 5 mm. Also, in the external iliac and com- 
mon femoral segments, we avoid longitudinal arteriot- 


omies and therefore avoid constricting closures. The 


larger diameter of the endarterectomized vessel plays the 
major role in assuring long-term patency. 

e Several factors bear reemphasis. The endarterectomized 
vessel must be free of all rough tissues. It should have a 
smooth, glistening adventitial surface, since any shaggy 
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residue becomes a nidus for accumulation of thrombus. 


The endarterectomized vessel must also have an even cali- — 
ber throughout its entire length without constrictions or 


pouches that impede smooth laminar flow. We prefer end- 


to-end anastomosis, with smooth outflow, rather than end- 
to-side anastomosis with turbulent flow. Finally, the — 


profunda femoral artery must be free of any obstruction. 


Since angiograms often fail to assess the extent of disease _ 
in this vessel, the surgeon must evaluate its patency in the ~ 


operating room. 
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Femoral popliteal occlusive disease coexisted in 17 limbs 


in the AI group, and in 91 limbs in the AIF group. Does 
this distal occlusive disease compromise the AI and AIF — 
endarterectomy? For both groups, there were 12 iliac reoc- 


clusions, but only three femoral popliteal occlusions in- 
volved the ipsilateral limb. In the nine remaining limbs, 
reocclusions developed despite a patent ipsilateral femoral 
popliteal segment. Thus, these findings suggest that the 


integrity of proximal endarterectomy remains quite inde- 


pendent of femoral popliteal circulation. Femoral poplit- 
eal occlusion or patency does not influence the long-term 
patency of the AI or AIF endarterectomy. 

Profunda femoral arterial reconstructions were most 
successful. Sixteen limbs required extensive endarterec- 


tomy of the profunda femoral vessels, 13 of which re- fl 


quired long saphenous vein patch grafts. All of these re- 
constructed arteries have remained patent along with the 
simultaneously repaired AI and AIF arterial trees. These 
observations emphasize the importance of the profunda 


femoral artery as a necessary outflow tract for AI and — 


AIF arterial reconstruction.’ The superficial femoral or 


popliteal artery acting in the same capacity has relatively — 


little importance. 
If the reestablished arterial flow continues beyond the 
initial 24 to 48 hours, the incidence of serious complica- 


tions involving the endarterectomized artery remains low. — 


Only three patients (1.7%) required immediate reopera- 
tion for such complications. Elderly patients do not toler- 
ate complications and reoperations well, but we believe 
that our reoperation rate is acceptable. 

Among the late complications of endarterectomy, there 
has been but one false aneurysm, no disruption of anasto- 
moses, and no infections. We had to reoperate on nine of 
13 late failures (in 172 patients). We used substitution or 
bypass grafts (commonly Dacron prosthesis) for recon- 
structions. Reoperation for endarterectomy failures is a 
difficult technical problem, but removal of a thrombosed 
aortofemoral bypass graft and reconstruction by endar- 
terectomy is even more difficult. Sepsis compounds such 
problems, if not rendering them insurmountable. 

At reoperation for reocclusions, two patients had devel- 
oped small fusiform aneurysms of the endarterectomized 
aorta that we replaced with Dacron prostheses. However, 


no aneurysms have occurred in the common iliac, external ` 


iliac, or common femoral arteries. Aneurysmal degenera- 
tion following endarterectomy rarely occurs." 
Comparative results of several long-term series by the 


life table method of reporting are shown in Fig 4. In an © 
eight-year study, Duncan and co-workers’ noted nearly 
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a equal patency. rates in AI disease comparing endarnar 
E pey (93.3%) and synthetic grafts (96.3%). In their AIF 
_ group, the endarterectomy patency rate (81.6%) was some- 
E what better than the synthetic grafts (68.1%). Kouchoukos 
h ; and colleagues” reported diverse results. In the AI group, 
2 P endarterectomy patency (69% at nine years) was similar 
to the synthetic grafts (73% at six years). In the AIF 
group, the endarterectomy patency (30% at nine years) 
ES _ fared less well than the synthetic graft patency (53% at 
eight years). The aforementioned authors believe that a 
_ lack of uniformity of operative techniques by the many 
_ participating staff and house staff surgeons may have in- 
E: fluenced their results. In contrast, our decisions for oper- 
q _ ative indications and techniques were uniform throughout 
= the entire series. 
a Pilcher et al“ reported a 69% patency rate in 37 pa- 
i W _ tients, whom they had studied for ten years or longer, fol- 
poring AI endarterectomy. 
ae _ Butcher and Jaffe" combined their AI and AIF groups 
E - (followed up for 132 months) and reported a cumulative 
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= 1 Dunean WC, Linton RR, Darling RC: Aortoiliofemoral atherosclerotic 
on disease: Comparative results of endarterectomy and Dacron by- 
pass grafts. Surgery 70:974-984, 1971. 
a te ae Szilagyi DE, Smith RF, Whitney DG: The durability of aortoiliac 
endarterectomy: A roentgenologic and pathologic study of late recurrence. 
Arch Surg 89:827-839, 1964. 
3. Szilagyi DE: Some controversial topics in vascular surgery. Am J Surg 
F us 406-412, 1969. 
E 4. Inahara T: Surgical treatment of aortoiliac atherosclerosis. Surgery 
58:960-968, 1965. 
: } 5. Inahara T, Pineda JD: Extra-peritoneal endarterectomy for unilateral 
; al ae lg occlusive disease. Surgery 75:771-775, 1974. 
= 6. Clarke RJ, Provan JL: The surgical treatment of aortoilac occlusion. 
Br J Surg 56:250-255, 1969. 
a = 7. Darling RC, Linton RR: Aortoiliofemoral endarterectomy for athero- 
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patency rate of 12%. Other A report patency DE | 
in straight percentages, precluding comparative analy- 


sis.?/%8 | | 
This study suggests that endarterectomy is a strong 
choice for treating occlusive disease in the aorta, iliac, and 


common femoral arteries. It is applicable to all age 


groups, any severity of disease, and to nearly all “poor- 
risk” patients. Younger patients may especially benefit 
due to the long-term patency and feasibility of prosthetic 
reconstruction if endarterectomy should fail. All patients 
benefit from reduced risk of infections (0 in this series). 
Finally, our 11-year accumulative patency rates (85.7% for 
AI disease and 90.7% for AIF disease) compare favorably 
with other studies, and support our preference for 
endarterectomy in managing these obliterative arterial 
diseases. 


Nonproprietary Name and 
Trademark of Drug 


Bupivacaine hydrochloride—Marcaine. 
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Calf Blood Flow 
in Intermittent Claudication 


Sven Jacobs, Theobald Reich, MD 


è Calf blood flow was correlated with severity of symptoms in 
24 patients with intermittent claudication. Calf blood flow was 
measured (Whitney strain gauge) at three levels of demand—at 
rest, after exercise (“open”), and after exercise with total vascu- 
lar occlusion by a tourniquet about the thigh (“closed”). The re- 
sults showed significant correlation between the patients’ re- 
ported capacity to walk and measured exercise tolerance on an 
ergometer (P < .01). The coefficients of correlation between 
exercise tolerance and calf blood flow (resting, postopen or 
postclosed exercise) or the vascular reserve (difference be- 
tween postopen and postclosed exercise hyperemia) were not 
significant. 

It is concluded that capacity for walking in cases of inter- 
mittent claudication is not a reliable index of the calf blood flow. 
The relationship between these factors would be clearer if the 
patients pain threshold and calf tissue metabolic activity were 
known also. 

(Arch Surg 110:1465-1468, 1975) 


oS of calf blood flow has been recommended 

as a useful procedure in the clinical evaluation of is- 
chemia due to arteriosclerosis obliterans of the lower ex- 
tremities.'* It has been proposed as a valuable method 
for diagnosis, for following the course of the disease, and 
for objective assessment of therapy. The assumption im- 
plied is that manifestations of arterial insufficiency are 
related to the blood flow quantitatively. In the present 
study the validity of this assumption has been tested by 
analysis of data on calf blood flow and the severity of clin- 
ical signs and symptoms in a group of patients with inter- 
mittent claudication due to arteriosclerosis obliterans af- 
fecting the lower extremities. 


METHODS 


The study was performed on 24 patients with arteriosclerosis 
obliterans involving the vessels of the lower extremities (Table 1). 
Their presenting symptom was intermittent claudication. Some 
also complained of coldness of the feet. Signs of impending gan- 
grene were present in two and ulceration of the skin was present 
in one patient. None of the diabetic subjects who were studied 
showed evidence of sensory deficit (perception of light touch, joint 
position, tuning fork vibration). 

The experiment was designed to determine the capacity of the 
circulation to supply the symptomatic leg with blood at three lev- 
els of demand—at rest, after exercise, and after exercise with to- 
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tal occlusion of the blood flow by means of a tourniquet about the 
thigh. Exercise without the tourniquet was called “open exercise” 
and exercise with the tourniquet was called “closed exercise.” 

Demand for blood flow is least under conditions of rest. In 
healthy individuals, leg exercise, ie, work, results in approxi- 
mately a 10- to 20-fold increase in the blood flow immediately on 
termination of activity.** Performance of the same amount of 
work under closed exercise results in a further increase in blood 
flow presumably because the metabolic stimulus of open exercise 
is augmented by the stimulus of ischemia and anoxemia. The ca- 
pacity of the blood vessels to supply blood under conditions of 
greater demand than produced by ordinary open exercise has 
been called vascular reserve. The magnitude and the recovery pat- 
terns of both post-open and post-closed exercise hyperemia, as 
well as the vascular reserve, are reduced, the latter sometimes 
being zero, in patients with arteriosclerosis obliterans.’ 

Calf blood flow was measured by venous occlusion plethysmog- 
raphy, utilizing a Whitney mercury-in-rubber strain gauge.’ The 
procedure was as described by Shepherd.‘ The patient lay supine, 
resting the heel of his extremity under study on the pedal of a 
foot ergometer so as to suspend the limb at about 15° elevation 
from the horizontal. The plethysmograph was automated to in- 
flate the collecting cuff to the required pressure in less than one- 
half second and to maintain inflation for eight seconds, then to 
deflate and remain deflated for eight seconds, and finally to repeat 
the sequence. Thus, measurements could be performed rapidly 
and precisely. A sample trace appears in the Figure. 

The study was performed at an environmental temperature of 


20 C after the patient had rested for one-half to one hour in the 


supine position. Measurements were made after the patient had 
rested, immediately after he had exercised until he developed 
cramps in the calf (open exercise), and immediately after he had 
exercised again until an onset of cramps—this time with a pneu- 
matic tourniquet inflated to 250 mm Hg about the upper part of 
the thigh to produce total circulatory occlusion (closed exercise). 
The optimal collecting cuff pressure for each of these conditions 
was determined empirically and varied between 40 and 60 mm Hg. 
A rest period of at least 30 minutes was allowed after open exer- 
cise before beginning closed exercise. Calculation of work done 
was facilitated by an odometer attached to the ergometer to mea- 
sure and summate the heights to which the ergometer weights 
were lifted during exercise. 


RESULTS 


The blood flow data are presented in Tables 2 and 3. 

The coefficient of correlation between exercise tolerance 
on the ergometer and the patient’s history of walking 
ability before onset of claudication was .73. This is signifi- 
cant at the 99% level (P< .01). 

The correlations between resting blood flow and exer- 
cise tolerance, between immediate or peak post-open exer- 
cise blood flow and exercise tolerance, between immedi- 
ate or peak post-closed exercise blood flow and exercise 
tolerance, as well as between vascular reserve and exer- 
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hs 4 ie s me | Table 1.—Description of Patients Studied WAL | Š 
id Duration Claudication | Work 
| i of Symp- Distance, Capacity, 
Patient Age, yr toms, mo city blocks Joules* Comments 


TN 


9 
48 Room length 74.8 Ischemic ulcer, no popliteal and foot pulses 





3 62 M 28 <1 38.4 Rest pain, cyanosis of forefoot 
4 i 65 M 12 1/4 67.5 No popliteal and foot pulses 
ARE 80 F 6 1/4 42.2 No popliteal and foot pulses 
i i 6 71 F 36 1/4 141.3 No popliteal and foot pulses, diabetes . | 
| 9 67 F 24 1 66.3 No popliteal and foot pulses 


= 


' ie 10 68 12 1 43.5 No popliteal and foot pulses 


Se) GK 72 M 4 11⁄2 380.8 No popliteal and foot pulses 
E e Li 59 M 9 11⁄2 22.9 No popliteal and foot pulses 
3 15 71 M 18 11⁄2 22.1 No popliteal and foot pulses 


Fe s F =ç œ 2 29 -No popliteal and foot pulses, diabetes 
p? 9 
9 


=| 7 


1g 62 

20 58 21/5 40.6 No popliteal and foot pulses 

a 21⁄2 140.2 No popliteal and foot pulses 

22 48 148.0 No popliteal and foot pulses 

547.1 Faint popliteal and post-tibial pulse; no dorsalis pedis pulse 


P 
s+ 
=) 7 


24 3 
15 5 
6 5 


E 





= 





| 1 68 Rest pain 29.2 Sympathectomy, ischemic ulcer 
80 





bee 





i 
= cise tolerance were not significant. 
= Patients with the severest clinical manifestations were 
~ patients 1, 2, and 3. Each had either an ulcerated or pain- 
= ful bluish foot, suggesting impending tissue loss. Never- 
= theless, results of blood flow measurements alone did not 
identify these subjects. Patients 10, 14, and 15, for ex- 
ample, showed a hyperemic response to exercise that was 
= as poor or poorer than that of the three aforementioned 
= patients. Yet, none of the latter had disabilities as severe 
as the former. On the other hand, of patients who had the 
highest post-exercise hyperemic responses in this series, 
patients 6 and 7 were able to walk less than one block, 
= whereas patients 23 and 24 were able to walk five blocks. 


COMMENT 


It is accepted generally that regulation of blood flow in 
a vascular bed is associated with its metabolic require- 
ments.’ In the calf, for example, the duration and magni- 
_ tude of post-exercise hyperemia depends on how fast the 
by-products of increased metabolic activity are removed 
and metabolic imbalance is corrected.’ In normal individ- 
uals this process is rapid.** It can be accelerated by physi- 
= cal conditioning or by hyperbaric oxygenation, and it can 
~ be retarded if arterial inflow is restricted by partial me- 
= - chanical compression.** It has been shown previously and 
in this study that patients with arteriosclerosis obliterans 
= also show a reduction in the peak post-exercise blood flow 
~ and a prolongation of the recovery phase.** Indeed, in pa- 
tients with multiple and extensive occlusions peak flow 
_ may not occur for some time after cessation of exercise. 
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23 68 
| 24 46 M 3 322.1 No popliteal and foot pulses 


= * Work performed on foot ergometer before onset of intermittent claudication. 


Quantitative measurement of calf blood flow to assess 
functional symptoms of ischemia by objective means has 
been proposed by other investigators.'* Such measure- 
ments may be useful for evaluating the evolution of the 
disease, the response to treatment, and for physiological 
studies, but the present data do not support the conclusion 
that capacity for walking or exercise with muscles of the 
calf is related quantitatively to the calf blood flow. The 
disparity between our findings and the findings of previ- 
ous investigators appears to result from the methods that 
those investigators used to perturb the supply/demand 
balance between blood flow and metabolic need.** Dahn 
found a significant correlation between the magnitude of 
the reactive hyperemic response after three minutes of to- 
tal flow occlusion and exercise tolerance in patients with 
claudication, and Hillestad found a significant correlation 
between exercise tolerance and hyperemia after one min- 
ute of exercise (open or closed, ie, with and without flow 
occlusion). While these test conditions are convenient, 
they do not make it clear to what extent they “stress” the 
circulation. Dahn’s results, for example, do not make it ap- 
parent why there is a significant correlation between the 
reactive hyperemia after three minutes of occlusion and 
exercise tolerance but not between hyperemia after closed 
exercise on a foot ergometer and exercise tolerance. Hill- 


estad’s patients were selected on the basis of their ability 


to perform 204.3 kg (450 lb) of work before onset of claudi- 
cation and then continue to do 150 ft lb more.* It would ap; 
pear, therefore, that these patients did not suffer severe 
functional impairment. Interestingly. Hillestad cautions 
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Trace from automated plethysmograph (Whitney strain gauge). Upper trace, left calf; lower trace, right calf. Calibration mark only for 
lower trace is shown. Contrast of traces was augmented with black ink to facilitate photographing. 


Table 2.—Calf Blood Flow (ml/100 ml Tissue per Minute) in Patients With Arteriosclerosis 
Obliterans Before and After Exercise on a Foot Ergometer Until Onset of Claudication 


Resting Post-Exercise Blood Flow Recovery 
Blood 


SS 
Patient Flow Immediate 5 min 10 min min 
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Table 3.—Blood Flow (mi/100 ml Tissue per Minute) in Same Patients as in Table 2 
After Exercise During Total Occlusion by Means of Pneumatic Cuff About Thigh 








Post-Exercise Blood Flow With Total Occlusion Seconds Recovery 
Vascular to Time, 
Patient Reserve* Immediate 5 min 10 min Peak Peak min 
1.5 5.1 PT Pe 10.3 32 >10 
3.9 12.0 5.6 4.0 12.0 0 10 
1.8 8.3 10.1 16 
0.1 12.9 mus AE 12.9 0 oes 
7.2 28.6 16.3 12.3 28.6 0 >10 
29.3 48.1 ‘ei gei 48.1 0 we 
0 10.8 9.0 3.0 10.8 0 >10 
0.5 16.7 3.9 3.2 16.7 0 >10 
0.2 13.2 13.2 0 
20.3 29.6 one se 29.6 0 eee 
2.4 15.3 8.9 6.4 15.3 0 >10 
0 4.5 eee 5.4 10 oer 
1.5 8.5 11.2 16 >10 
3.0 12.6 12.6 0 
13.0 33.9 sofi eee 33.9 0 see 
0 10.2 7.2 6.1 11.0 48 >10 
0.7 10.6 4.6 3.4 10.8 8 >10 
8.0 28.6 10.1 6.1 28.6 0 >10 


22.2 











So 


* Difference between immediate post-exercise hyperemia following total vascular occlusion by means of tourniquet (Table 3) and immediate 
post-exercise hyperemia without tourniquet (Table 2). 


against drawing conclusions from data on calf blood flow 
in the absence of clinical evaluation of the patient. 

In conclusion, our results indicate that the capacity for 
exercise or work by the affected leg of a patient with arte- 
riosclerosis obliterans before onset of claudication is not 
an accurate index of the severity of arterial insufficiency 
of the involved extremity. The circulation of patients with 
one-fourth-block claudication may be as capable of meet- 
ing demand for higher blood flow as that of patients with 
five-block claudication. On the other hand, the leg circula- 
tion of patients with 1'4-block claudication may be no bet- 
ter than that of patients with rest pain, skin ulcer, and 
ability to walk less than one-eighth-block. Unfortunately, 


_ the answer is not yet available as to whether or not the 


prognosis for tissue loss is graver ultimately for those pa- 
tients with intermittent claudication who are found to 
have poor calf blood flow when they are examined ini- 
tially. Quantitative information about blood flow would be 
more revealing if the following two pertinent variables 
could also be quantitated: the patient’s threshold for pain, 
and the concurrent metabolic activity of the extremity’s 
tissues. This information undoubtedly contains the expla- 
nation to the seemingly paradoxical observation that ex- 
ercise therapy may increase ability to walk by patients 
with intermittent claudication without increasing their 
post-exercise hyperemic response. 
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Experimental Surgery 


Host Response to Implanted Dacron Grafts 


A Comparison Between Mesh and Velour 


Nicholas L. Tilney, MD, Paul J. Boor, MD 


è Segments of open Dacron mesh grafts were subcutaneously 
implanted in rats and harvested for a period of up to 12 weeks af- 
ter operation at serial intervals. The gross and histologic events 
of the host response to the external surface were compared to 
that of segments of low-porosity Dacron velour implanted in a 
similar fashion. Mature collagen, generously vascularized with 
new capillaries, was noted throughout the mesh within three to 
four weeks, while a tightly bonded inner fibrous layer had formed 
from the surrounding tissues. Major segments of velour floated 
in amorphous caseous material for up to five weeks. These 
pools of debris with their concomitant inflammatory response 
slowly resolved during a ten-week period. This prolonged heal- 
ing may contribute to eventual graft closure by progressive fibro- 
sis and extrinsic contracture. 

(Arch Surg 110:1469-1472, 1975) 


he synthetic prostheses available for bypass or re- 
placement of large-caliber, high-flow arteries have 
been generally satisfactory, both in long-term stability 
and in patency.: In smaller arteries with lesser flow (such 
as those in the lower extremities), fabric grafts may fail 
because of kinking with joint flexion, external compres- 
sion by fibrous tissue, or deterioration of the pseudoin- 
tima.” The saphenous vein has been considerably more 
successful as an arterial conduit in the legs, although its 
use may be limited by absence or small diameter. 
Autologous grafts, generated by implanting a plastic 
mesh tube in the subcutaneous tissue (as first described by 
Sparks’*) are intriguing and successful alternatives. Such 
grafts have been used successfully for femoropopliteal by- 
pass and for access sites for hemodialysis.’ The techniques 
of implantation, harvesting, and anastomosis of such con- 
duits have been well described. However, the dynamics of 
cellular infiltration and the formation of collagen from the 
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external surface and through the graft material itself 
have received less emphasis. 

In the present study, segments of Sparks mandril Da- 
cron grafts were implanted subcutaneously in rats and 
harvested at serial time intervals. The gross and histologic 
events noted were compared to those occurring around 
Dacron velour grafts of low porosity, implanted in a sim- 
ilar fashion. Such serial observations in animals may im- 
prove understanding of the biologic behavior of these syn- 
thetic materials as well as facilitating the development of 
new ones. 


MATERIALS AND METHODS 


Outbred male rats weighing between 350 and 400 gm were used 
in this study. The rats came from a closed laboratory population. 
Two types of vascular prostheses were tested: (1) 6-mm Sparks 
mandril Dacron mesh and (2) Dacron velour. The grafts were 3 cm 
in length, containing dimethicone silicone elastomer mandrils that 
were held in place by silk ties at each end. Comparable segments 
of each graft were studied in two populations of rats. 

The material of the Sparks graft is comprised of two layers of 
siliconized, knitted two-ply, hard-twist Dacron thread. The outer 
layer, knitted on a 22 needle head, provides strength; the inner 
layer, with larger interstices knitted on a 16 needle head, acts as a 
spacer for ingrowing tissues between the outer layer and the sili- 
cone rod.’ The complete porosity of the graft allows both the free 
ingrowth of host cells and the easy ingress of capillaries for perfu- 
sion of the matured collagenous wall. The Dacron velour was cho- 
sen as a low-porosity material. The multiple open fibrillar loops 
that project above the body of the yarn, especially on the outer 
surface, are designed to trap fibrin and cells, and to insure binding 
to surrounding tissues. The graft interstices are crisscrossed and 
subdivided by fibrils. This contrasts to the small but open inter- 
stices of smooth prostheses, and it may reduce bleeding at time of 
operation. 

The animals were anesthetized with ether, and their backs and 
flanks were clipped free of hair. A small incision through the skin 
and panniculus carnosus muscle was made in each subcostal space. 
A subcutaneous pocket was created by blunt dissection, and the 
graft was implanted. The skin was closed with 4-0 silk, and the in- 
cision was sprayed with Neosporin aerosol ( a mixture of poly- 
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.myxin B sulfate, neomycin sulfate, and gramicidin). All animals 
were given food and water ad libitum. 

The mesh grafts were harvested in duplicate from 12 rats at 2, 
4, 8, and 10 days, and at 3, 4, 6, 10, and 12 weeks after placement. 


_ The velour grafts were gathered in duplicate from six rats at 


weekly intervals from two to ten weeks after placement. An el- 
liptical skin incision was made, and the skin, graft, and surround- 
ing tissues were removed en bloc. The vascularity of the adjacent 
tissues was assessed grossly. The tissue specimen was fixed in 
10% buffered formaldehyde solution, and the silicone elastomer 
cores were removed from the grafts. After embedding in paraf- 
fin, multiple sections were stained with hemotoxylin-eosin, tri- 
chrome, and with fibrin and elastic tissue stains. The sections 
were later examined by light microscopy. Selected sections were 
also stained with PAS, Gram, and alizarin red S. 


RESULTS 
Sparks Mandril 


At two and four days after implantation, the graft lay 
free from surrounding tissues that were smooth, thick- 
ened, and without obvious inflammatory response. A small 
amount of clear fluid was present, while a thin and white 
gelatinous material, easily separable from the areolar 
sheath, infiltrated the mesh. Graft thickness, from the sili- 


_ Cone elastomer rod to the adjacent subcutaneous fat, mea- 
sured 300u to 400u at day 4. At 48 hours, the interstices 


were filled with fibrin and loculated serum. By the fourth 
day, an acute inflammatory response was present around 
the graft. Polymorphonuclear leukocytes had invaded the 
mesh, and a few lymphocytes and plasma cells were noted. 
The small vessels in the surrounding subcutaneous tissue 
were congested and showed swelling of the endothelial 
cells. 

Grafts removed eight and ten days after implantation 
adhered firmly to the tissue sheath. There was abundant 
neovasculature at the external surface, and the vessels to- 
tally encircled the graft segment in several places along 
its length. The adjacent areolar tissues were less thick 
than they were at day 4. Microscopically, marked, regu- 
larly distributed fibroblastic proliferation was noted 
throughout the mesh (Fig 1). Scanty mature collagen was 
present, as was shown by trichrome staining. The striking 
proliferation of small vessels around and through the 
mesh interstices was accompanied by a minimal acute and 
chronic inflammatory response. The cellular infiltrate in 
the surrounding tissues had begun to resolve. 

The gross and histologic pictures from weeks 3 to 12 
were relatively unchanged. The surrounding tissues were 


not thickened, although the thickness of the graft from 


the silicone elastomer core to the adjacent fat had in- 
creased, and measured 400u to 500u. Considerable amounts 


_ of vascularized fibrous tissue were present throughout the 


mesh. Inflammation and fibroblastic proliferation were no 
longer evident in the graft or in the surrounding tissues. 
A rather consistent inner fibrous layer generally mea- 
sured 30u to 80u from the silicone elastomer core to the 
first strands of Dacron. However, in several places, the 
mesh was bare on the luminal side after removal of the 
mandril (Fig 2). No newly formed elastic tissue was ob- 
served in any graft, although collagen was abundant. 
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Dacron Velour 


Velour grafts implanted with silicone elastomer cores 
demonstrated remarkable gross and microscopic differ- 
ences from the mesh grafts. At weeks 2, 3, and 5, portions 
of the velour grafts floated in abundant amorphous, fri- 
able, and caseous debris. This predominantly occurred 
between the silicone elastomer core and the graft mate- 
rial, sometimes separating these structures by 5 mm. The 
caseous material was frequently distributed outside the 
graft, thus preventing close proximity of the surrounding 
tissues and the graft wall (Fig 3). 

These pools of debris were composed of necrotie cells, fi- 
brin, and precipitated calcium, as demonstrated by aliza- 
rin red S stain. Although no organisms were demonstra- 
ble by Gram stain or PAS, the pools were surrounded by 
an intense and acute inflammatory response, with many 
polymorphonuclear leukocytes and foamy macrophages. In 
the areas uninvolved with these changes, small vessels had 
proliferated within the mesh at week 2. In addition, gran- 
ulation tissue had surrounded the graft with mononuclear 
cells, and macrophages were scattered diffusely through- 
out. Abundant mature collagen was noted around and 
within the graft material at week 3, although little subse- 
quent increase in collagen thickness occurred later. The 
lakes of amorphous material surrounding and infiltrating 
the graft resolved slowly, and at week 5, many gran- 
ulocytes were still present among copious fibrin and cellu- 
lar debris. These sites persisted for as long as ten weeks, 
although they gradually diminished in size. Healing was 
greatly prolonged, as indicated by the complete absence of 
mature collagen in portions of the graft adjacent to debris 
and acute inflammation. Elastic tissue was not found. 


COMMENT 


Although this study was performed in rats, the compari- 
son between loose mesh and velour suggests an important 
cause of late graft failure in a clinical setting. The mesh 
graft healed rapidly, and well-vascularized, mature colla- 
gen developed, along with the formation of a smooth and 
adherent fibrous intima. This reaction contrasted with the 
unexpected delayed healing of the velour graft, which was 
associated with consideration deposition of necrotic debris 
and calcium. Although cellular ingrowth and host re- 
sponses may vary substantially between species, a similar 
necrotizing reaction has been described around prostheses 
implanted in humans, especially those prostheses of low 
porosity." The intensity and prolonged nature of the in- 
flammatory response associated with these large necrotic 
areas may contribute to eventual occlusion of such pros- 
theses by intense circumferential fibrosis of their outer 
layer, progressive contracture of surrounding tissues, and 
critical reduction in luminal size. The external velour sur- 
face was originally designed to encourage adherence to fi- 4 
brous tissue by decreasing the separation of graft from 
tissue capsule by seroma formation. We could not sub- 
stantiate these findings in this study. k 3 

The formation of an autologous fibrocollagenous arte- 
rial conduit on a strut of loosely woven fiber is appealing, 
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Fig 1.—Dacron mesh Sparks mandril graft, removed ten days 
after implantation. Fibroblastic and capillary proliferation (arrow) 
is marked within loose weave. Small amounts of collagen are de- 
monstrable by special stain at this time (modified Verhoeff-Van 
Gieson elastic tissue stain, x 100). 


especially in the extremities, since long-term patency for 
synthetic prostheses is relatively poor, and adequate sa- 
phenous veins are not always available. The open Dacron 
mesh provides a strong, flexible wall that allows free in- 
growth of vascularized fibrocollagenous tissue during the 
six-week period of maturation. The tearing of such tubes 
when they are unsupported by synthetic mesh has been 
noted,” owing to a lack of collagen fiber interlacing in the 
neoadventitia. The extensive neovasculature, similar to 
vasa vasorum, allows adequate perfusion and nutrition of 
the arterial wall, while a silicone elastomer mandril en- 
sures the formation of a thin and smooth, yet complete fi- 
brous intima. Unlike the pseudointima that inevitably 
forms on other types of plastic arterial prostheses, the fi- 
brous intima of the autologous die-grown graft binds to 
the prosthesis as an integral part. Although the growth of 
elastic fibers surrounding silicone elastomer implants has 
also been described,’* formation of this tissue around the 
grafts was not noted in these experiments. 

A pseudointima develops rapidly in functioning arterial 
grafts and remains a thin, translucent, and smooth fibrin 
layer.’ An important reason for late closure of such grafts 
is the loose bonding of pseudointima to graft surface, with 
luminal occlusion occasionally occurring after disruption 
of this layer. While no such information is available in this 
model, the delayed and irregular healing of the Dacron ve- 
lour, with prolonged absence of mature collagen in the in- 
terstices, suggests that bonding may be late and may in- 
vite intimal disruption. This contrasts with the very 
tightly bonded fibrous intima of the Sparks graft, which 
forms an integral part of the entire wall. 

The formation of a pseudointima within the lumina of 


‘fabrics implanted into the blood stream has previously 
been described.*""-"** Following the layering of protein — 


qn the bare synthetic fibers, fibrin and platelets are selec- 
tively deposited on the surface. Layers of developing 
thrombus are rapidly washed away by the blood flow in 
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Fig 2.—Sparks mandril Dacron graft (mandril removed) is es- 
sentially mature three weeks after implantation in rat. Inner fi- 
brous layer is regular, although there is occasional apposition of 
Dacron fiber to mandril. Arrow indicates mandril (hematoxylin- 
eosin, X 40). 


Fig 3.—Graft removed after ten weeks. Lower-power view 
shows ‘‘pool”’ of dark-staining necrotic debris between subcuta- 


neous tissues of host (SC) and Dacron velour material (arrow) 


(hematoxylin-eosin, X 25). 





large vessels, but they may collect on the walls of vessels 
with lower flow. Leukocytes enter this thrombus layer and 
migrate more deeply toward and into the prosthetic wall, 
where they allegedly transform into fibroblasts." 
These cells may organize and replace the thrombus in 
some areas of the graft, but may be absent in other areas. 
Their conjunction with cells growing in from the outside 
of the prosthesis may help to anchor the pseudointima. 
Capillaries that penetrate the fabric interstices may in- 
crease cell traffic and hasten maturation, although fewer 
capillaries can form with the tight weave of the prosthetic 
material. In some species, such as the baboon, capillaries 
open directly into the vascular lumen and provide a direct 
source of endothelial cells.'* The irregularity of this 
process has been noted by several authors.'” 

Another well-known hazard of the prosthetic graft is its 
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_ opment and ingrowth of the graft by dense fibrous tissue 
_ may afford an effective barrier to bacteria. This concept i is 
fi -supported i in part by recently reported clinical experience, 
_ in which the rate of infection of Sparks mandrils used for 
it chronic hemodialysis was quite minimal.’ This hypothesis 
_is subject to testing through the use of standard doses of 
contaminating bacteria. 

> The above-mentioned studies do not completely imitate 
E- the clinical setting, since the grafts were subcutaneous 
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implants rather than arterial conduits. Wesolowski and 
co-workers had detailed histologic changes in some grafts 
implanted in dogs, although they did not include studies of 
the Sparks mandril. They were able to demonstrate that, 
of all commonly used laboratory species, the host re- 
sponses of the dog are most similar to those of the human. 
The observations in this study on the response of the rat 
to a loose-mesh prosthesis may encourage the concept of 
the autologous fibrocollagenous conduit for more exten- 
sive experimental and clinical use. 
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Pseudomonas aeruginosa Infection in Mice 
After Treatment With Cyclophosphamide 


James B. Grogan, PhD 


è This study attempted to determine if the antineoplastic alkyl- 
ating agent, cyclophosphamide (Cytoxan), altered the host re- 
sponse to Pseudomonas aeruginosa infection in mice. The 
effect of cyclophosphamide was evaluated by an increased mor- 
tality or enhanced bacterial growth in the liver, lungs, spleen, 
and kidneys. The mice that were treated with either single or 
multiple doses of 25 mg/kg cyclophosphamide showed no in- 
crease in mortality, nor did they exhibit an enhanced localization 
of P aeruginosa in any of the organs studied. Higher dose levels 
of cyclophosphamide produced a statistically significant in- 
crease in mortality and greater distribution of bacteria in the 
mouse organs, but there appeared to be no organ that was par- 
ticularly susceptible to infection. 

(Arch Surg 110:1473-1476, 1975) 


yclophosphamide is commonly employed as an antineo- 
plastic chemotherapeutic agent. The use of this drug, 

as well as other immunosuppressive drugs, is potentially 
hazardous to the patient because such drugs increase sus- 
ceptibility to infection.’ However, definitions of the spe- 
cific alterations that occur in the host defense mechanisms 
due to cyclophosphamide are scant. Using laboratory ani- 
mals as experimental models, we previously reported that 
long-term cyclophosphamide treatment altered total he- 
molytic complement, £,.-globulin, and serum y-globulin 
levels in rats.2 Cyclophosphamide treatment also effected 
a reduction in the bactericidal capacity of rat alveolar 
macrophages.’* The present study deals with the changes 
in susceptibility of mice to infection with Pseudomonas 
aeruginosa after short-term treatment with cyclophos- 
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phamide. Most studies were performed with cyclophos- 
phamide doses that are toxic for man, but that have been 
used by others in animal studies.’ 


MATERIALS AND METHODS 


Outbred white female mice with weights of 20 to 30 gm were 
used in these studies. The strain of P aeruginosa employed was 
originally isolated from a burn wound infection and has been 
maintained in our laboratory for several years. A 16- to 20-hour 
culture, grown in trypticase soy broth and washed three times in 
saline, was used in all experiments. Infection was achieved by an 
intravenous tail vein injection of 0.2 ml of a diluted culture 
containing 1.0 to 2.5x10 viable bacteria. Cyclophosphamide 
(Cytoxan) was dissolved in sterile distilled water and immediately 
administered intraperitoneally at doses dictated by the experi- 
mental design. 

Organ counts were performed by removing the kidneys, lungs, 
spleen, and liver, and placing these organs separately in a glass 
tissue grinder with 2 ml of cold saline. After homogenizing for 30 
seconds, tenfold dilutions were made and plated for quantitative 
bacterial counts, using standard techniques. The results were 
recorded as the number of viable bacteria cultured per milliliter of 
tissue homogenate. Blood cultures were made by removing 0.2 ml 
of blood from the retro-orbital venous plexus and plating it 
directly to the surface of tryptic agar plates. 


RESULTS 
Mortality of Mice Receiving Cyclophosphamide 
Prior to P aeruginosa Infection 


Several groups of mice received either a single, intra- 
peritoneal injection or multiple injections of various doses 
of cyclophosphamide. The single injection of cyclophos- 
phamide was administered 24 hours before infection. 
Twenty-four hours after the last dose, the mice were in- 
travenously injected with 0.2 ml of a suspension of P ae- 
ruginosa, containing approximately 1.0 to 2.0 10° viable 
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Mortality of mice receiving cyclophosphamide after P aerugi- 
nosa infection was initiated. Controls received cyclophos- 


=~ phamide, but no bacteria. There were at least 15 mice in each 


group. 


d - organisms. Observations were made up to 72 hours after 
= infection. An increased mortality was noted after a single 


= dose of 100 mg/kg of cyclophosphamide or more (Table 1). 
ea 


Multiple doses (four injections) of cyclophosphamide given 
on alternate days did not increase the mortality at the 25 


and 50 mg/kg dose levels. 


Mortality of Mice Receiving Cyclophosphamide 
Following P aeruginosa Infection 


= Mice were infected with P aeruginosa as described 
_ above, and treatment with cyclophosphamide was begun 





Single 
Cyclophosphamide, 








* Seventy-two hours after infection. 


t Not significant. 
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Table 1.—Mortality of Infected Mice Treated With Cyclophosphamide Before Infection 
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on the day of infection and repeated on alternate days for 
ten days. As shown in the Figure, 65% of the control mice 
that received P aeruginosa alone survived. Of the deaths 
in this group, most occurred within 48 hours after infec- 
tion. Alternate-day dosages of 100 mg/kg of cyclophos- 
phamide in mice without infection were not lethal, but all 
of the infected mice were dead within ten days. Doses of 
200 and 400 mg/kg effected 100% mortality at days 6 and 
4, respectively. Although the cyclophosphamide treatment 
alone was lethal to some of the mice at these higher dose 
levels, there was a clear difference in the mortality of the 
infected mice. 


Distribution and Concentration of P aeruginosa 
In Organs of Cyclophosphamide-Treated 
and Control Mice 


Mice that had received either a single dose of cyclophos- 
phamide 24 hours before infection, or multiple doses given 
on alternate days for one week before infection, were 
killed 24 hours after receiving an intravenous inoculum of 
P aeruginosa (Table 2). The number of viable bacteria re- 
covered from the organs of both the control and the 
treated mice displayed a great disparity in distribution. 
The spleen showed the lowest incidence of contamination, 
since the spleens of only four of 31 control mice, and five 
of 19 mice that received a single 400 mg/kg dose of cyclo- 
phosphamide, were contaminated with at least 100 viable 
cells per milliliter. In contrast, both the lungs and kidneys 
(not a reticuloendothelial system [RES] organ) showed a 
threefold to sixfold increase in the incidence of contami- 
nation at doses of 50 mg/kg of cyclophosphamide or 
greater. The liver consistently showed the highest inci- 
dence of infection in both the controls and the treated ani- 
mals. Multiple doses of 25 mg/kg of cyclophosphamide did 
not increase the incidence of contamination in any of the 
cultured organs. 

A quantitative comparison between the number of or- 
ganisms cultured from organs of control and treated mice 
may also be noted in Table 2. The calculations were based 
on the organs that yielded at least 100 bacteria per millili- 
ter of organ homogenate. As the single dose of cyclophos- 
phamide was increased up to 400 mg/kg, there was a 
trend toward an increased number of bacteria localizing 
in all of the organs. Multiple doses of cyclophosphamide 
did not change the infection pattern greatly. But at the 


No. of Cyclophosphamide Injections 


Multiple 


pr mg/kg No. Injected Mortality, % * Value No. Injected Mortality, % Value 
x None (control) 69 23 TN 


i-o 19 


100 40 60 < .05 9 78 201 
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Table 2.—Incidence of Infection and Quantitative Bacterial Counts of Organ Homogenate Obtained from Infected 
Mice Treated With Cyclophosphamide 


Peripheral Blood 
No. of Dose of WBC/mm: Log Bacterial Count per Milliliter of Organ Homogenate* 
Cyclophosphamide Cyclophosphamide, No. of at Time of 
Treatments mg/kg Mice Infection Spleen Lung Kidney Liver 

None 31 7,950 + 800 2.82+0.74 3.80 +0.38 3.554049 3.82+0.24 

(control) (4) tT (9) (4) (29) 
25 10 6,000 = 376 < 2.0 3.90 = 0.60 2.68 + 0.38 3.75 = 0.29 

` (2) (3) (9) 
Single, 50 9 6,750 = 615 3.32 = 0.53 4.09 0.41 4.36 + 0.75 4.64 = 0.35 

24 hr (4) (8) (6) (9) 
before 100 26 4,450 + 615 3.75+0.78 3.64+0.29 396035  4.34+0.23 

infection (5) (21) (20) (25) 
400 19 1,700 = 413 4.14 Œ 0.36 4.51 Œ 0.26 4.76 = 0.30 5.08 + 0.25 

(5) (14) (16) (19) 
25 11 6,650 = 521 < 2.0 4.02 = 0.10 2.46 = 0.26 3.77 = 0.40 

Multiple, (4) (3) (10) 
alternate 50 10 4,860 + 569 3.15 Œ 0.44 4.00 = 0.51 4.88 + 0.72 4.72+ 0.44 

days for (7) (9) (9) (10) 
four injections ) 100 2 2,000 + 707 3.96 +1.26 5.30%035  5.10+237 4.55+0.83 

(2) (2) (2) (2) 


E ANa ss is 


* All values = standard error of the mean. 


+ Number of organs yielding at least 100 viable P aeruginosa per milliliter of organ homogenate. 


Table 3.—Incidence of Positive Blood Cultures in 
Mice That Received Single Injection, 
100 mg/kg of Cyclophosphamide 


Hours After Infection 


Treatment 
Controls TA. aI > 3/7 429 1/6 16.6 
Cyclophosphamide 20/21 95.2 11/14 78.6 7/10 70.0 


* Number with positive blood culture/number injected. 


100 mg/kg level, it was difficult to achieve 24-hour survival 
of the challenged mice, as illustrated in the table. At the 
400 mg/kg dose level, 24-hour survival proved impossible. 
It should be noted that change in organ contamination 
was detectable before severe leukopenia was evident, but 
as the leukopenia progressed, so did the infection. 

Contamination of the blood was investigated in several 
groups of mice that received a single 100 mg/kg dose of 
cyclophosphamide (Table 3). At all test periods, there was 
a higher incidence of positive blood cultures in the treated 
mice. Quantitatively, there were many more bacteria grow- 
ing on the cultures taken from the treated mice than on 
those taken from the controls. | 


COMMENT 


This study showed that eyclophosphamide, administered 
°” at doses near those acceptable for humans, did not alter 
the mortality of mice infected with P aeruginosa. How- 
ever, at high doses, cyclophosphamide rapidly altered the 


' . outcome of infections in mice. A single injection of 100 


mg/kg of cyclophosphamide, 24 hours before infection 
with P aeruginosa, increased mortality significantly 
(P < .05). Most deaths occurred within 24 hours after in- 
fection, indicating rapid growth or production of toxic 
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products or both.®*' Similar results were obtained when cy- 
clophosphamide was administered following the bacterial 
injection and repeated on alternate days. Most mortality 
occurred within three to four days after infection, when 
the mice had received only two injections of cyclophos- 
phamide. This indicates a rapid weakening in the host de- 
fense mechanisms, leading to an enhanced mortality. 

Measurements were made of the number of viable P ae- 
ruginosa recovered from various organs of treated mice. 
Quantitatively, the viable bacteria were diversely dis- 
tributed in the various organs of the same mouse, as has 
been previously reported.* 

An increase in the number and the quantitative counts 
of lungs and kidneys harboring a detectable number of 
viable P aeruginosa was noted after both single and 
multiple treatments with 50 and 100 mg/kg of cyclophos- 
phamide. These results agree with earlier studies from 
this laboratory that showed that phagocytic cells from the 
kidney and lungs of cyclophosphamide-treated rats had a 
reduced bactericidal capacity.’ Few spleens yielded a de- 
tectable number of viable bacteria, even after cyclophos- 
phamide treatment with 400 mg/kg. This is probably the 
result of the high degree of splenic atrophy after cyclo- 
phosphamide treatment, as previously noted in this and 
other studies.” '° 

The liver was the organ that was most consistently in- 
fected in both controls and treated mice. It became highly 
contaminated as the dosage of cyclophosphamide was in- 
creased to 50 mg/kg or more. As expected, the largest 
number of recoverable bacteria was obtained from the or- 
gans of mice treated with a single dose of 400 mg/kg of 
cyclophosphamide. There was increased infection of or- 
gans before severe leukopenia was evident. However, it 
was clear that the incidence of organ contamination and 
the quantitative bacteriologic counts within the organs in- 
creased as the leukocyte count decreased. 
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Although the results were not conclusive, it appeared 
that mice that received either a single dose or multiple 
doses of 25 mg/kg of cyclophosphamide harbored fewer 
bacteria than the controls. The explanation for this is not 
clear, but it is possible that this dose level may have stim- 
ulated phagocytosis, which led to a more rapid destruction 
of the bacteria. At this dosage, cyclophosphamide was 
shown to have a stimulatory effect on the rate of colloidal 
carbon clearance from the blood stream of mice (J.B. Gro- 
gan, unpublished data). The high incidence of bacteria in 
the peripheral blood of the mice that received 100 mg/kg 
of cyclophosphamide was probably the result of reentry of 
bacteria into the blood stream from the RES, or a de- 
creased ingestive capacity of the phagocytic cells. The cur- 
rent studies did not permit a definite conclusion regarding 
these two possibilities. However, no alteration in the in- 
gestive capability of phagocytic cells in the reticuloen- 
dothelial organs of rats treated with cyclophosphamide 
was previously found.» 

It is evident from these studies that treatment with 
high doses of cyclophosphamide not only enhances the 
mortality of P aeruginosa-infected mice, but also in- 
creases the incidence of infection within the various or- 
gans studied in surviving mice. 
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oxygen IS 


contraindicated 


First things 
first 


Take anaerobic 
specimens 


In suspected or overt anaerobic infections, 
avoid exposure of clinical specimens to 


oxygen. 
2 Suitable specimens include aspirated 





material from sites of infection and tissue 
biopsies. 


3 After collection by aspiration, clear syringe 
of air and inject material into a gassed-out 
tube or vial. 


4 Order culture of material as soon as possible 
after collection. This should be done in a 
freshly prepared oxygen-reduced medium. 


lf not cultured immediately, order specimen 
to be placed in an anaerobic environment 
until processed. 


But dont wait too long 
for results before 
beginning therapy 


Because anaerobic infections frequently progress 
to septicemia rather quickly, vigorous therapeutic 
action is often necessary even before isolation of 
causative pathogens and drug sensitivity testing. 

Early recognition of predisposing conditions 
can accelerate presumptive diagnosis of anaerobic 
infections. Such clinical clues include malignancy, 
vascular insufficiency, proximity to mucosal 
surfaces, foul discharge, tissue necrosis, black 
discoloration, “sterile” abscess, septic thrombo- 
phlebitis. 

Treatment generally calls for surgical drainage 
of localized pus and rapid institution of an appro- 
priate I.V. antibacterial agent. Ideally, of course, 
it should provide prompt and prolonged serum 
levels and activity against anaerobes commonly 
implicated in single or mixed infections of 
G.|., G.U. and respiratory tracts, and skin and 
soft tissue. 
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Microbial Growth in Lipid Emulsions 


Used in Parenteral Nutrition 


M. Ann Melly, PhD; H. C. Meng, MD, PhD; William Schaffner, MD 


èe Parenteral nutrition via central venous catheterization is as- 
sociated with serious risks, especially that of sepsis. Lipid emul- 
sion (Intralipid [Sweden]), which may be administered peripher- 
ally, was evaluated for its potential to support microbial growth. 
Washed cultures of Staphylococcus aureus, Candida albicans, 
and three species of Gram-negative rods were all capable of 
multiplying in the emulsion at room temperature. Variations in 
inoculum size did not affect the growth rate. Studies comparing 
the emulsion to amino acid-glucose solutions (total parenteral 
nutrition [TPN]) confirmed other reports that TPN inhibits the 
growth of certain bacteria but merely retards fungal multiplica- 
tion. When human serum was added to the lipid emulsion in an 
attempt to simulate in vivo conditions at the catheter tip, Esche- 
richia coli was inhibited while the growth of S aureus and C 
albicans was unaltered. 

(Arch Surg 110:1479-1481, 1975). 


he technique of total parenteral nutrition (TPN), 
while highly successful in the treatment of pa- 
tients unable to eat, has been associated with a serious 
risk of sepsis. Incidence rates of 4% to 27% have been re- 
ported.’ There has been a particular emphasis on the role 
played by Candida in these infections. 

Recently soybean oil emulsion (Intralipid [Sweden ]) has 
been shown to be a safe and effective method to provide 
parenteral nutrition.** Because of its isotonicity and 
physiologic pH, it may be infused via peripheral vein, thus 
avoiding the infectious and thromboembolic hazards of 
central venous catheterization. This system may also 
avoid the problems of peripheral phlebitis and essential 
fatty acid deficiency.® 

Infection control in TPN therapy involves meticulous 
attention to many aspects of the administration system,’ 
including the maintenance of the sterility of the infusion 
mixture. This study evaluates the ability of the lipid emul- 
sion to support microbial growth. 


MATERIALS AND METHODS 
Cultures 


The microorganisms employed were Escherichia coli, Beeson 
strain’; Staphylococcus aureus, Giorgio strain’; Candida albicans, 
Wasson strain; Enterobacter cloacae; and Pseudomonas aerugi- 
nosa. All strains were originally clinical isolates from hospitalized 
patients, none of whom was treated with parenteral nutrition. 
These strains were chosen because they were employed in previ- 
ous studies on the growth of microorganisms in intravenous fluids 
and because their characteristics have been well documented." 


Accepted for publication March 31, 1975. 

From the George Hunter Laboratory, Division of Infectious Diseases, 
Departmen&of Medicine (Drs Melly and Schaffner) and the Department of 
Whysiology (Dr Meng), Vanderbilt University School of Medicine, Nash- 
ville, Tenn. 

Reprint requests to Department of Physiology, Vanderbilt University 
School of Medicine, Nashville, TN 37232 (Dr Meng). 


Arch Surg-Vol 110, Dec 1975 


Growth Media 


Brain heart infusion broth was employed for all bacterial cul- 
tures. Candida albicans was cultivated in tryptose phosphate 
broth, a standard medium used for drug studies'*** that in our 
hands yields higher concentrations of organisms than Sabouraud 
dextrose broth. | 

A 10% solution of the soybean oil emulsion contains the follow- 
ing per 100 ml: 10 gm soybean oil, 1.2 gm purified egg yolk phos- 
pholipids, and 2.5 gm glycerol. In addition there are traces of free 
fatty acids, phytosterol, and tocopherols. The nitrogen content of 
210 mg/liter is from the nitrogenous bases of egg yolk phospholip- 
ids.“ Bottles were stored at 4 C and used for a single experiment 
only. 

The TPN solution was a 25% glucose solution containing 4.17 gm 
nitrogen per liter as crystalline amino acids with added sodium, 
potassium, magnesium, zinc, and vitamins as described pre- 
viously." The solution was freshly made up before use and was 
sterilized by filtration through a 0.22u filter. 

The human serum employed was fresh pooled sera from five 
normal adults. 


Growth Curves 


Eighteen-hour broth cultures were centrifuged to pack microor- 
ganisms. The broth supernatants were removed and the cell but- 
ton washed three times with sterile physiologic saline. Appropri- 
ate dilutions were made in saline to give a final concentration of 
10‘ organisms per milliliter in the fluid to be tested. Samples were 
removed at 0, 6, 12, 24, and 48 hours for bacterial or fungal enu- 
meration by standard agar (brain heart infusion) pour plate tech- 
niques. 

All experiments were performed at room temperature to simu- 
late clinical conditions. Acid-washed glassware and disposable pi- 
pettes and Petri dishes were used to avoid contamination with or- 
ganic material that might affect growth rates. 


RESULTS 


As noted in Fig 1, all species of microorganisms tested 
were capable of multiplying in the lipid emulsion. Within 
12 hours at room temperature, logarithmic increases of all 
organisms had occurred; within 24 hours, microbial popu- 
lations reached concentrations of from 10° to more than 
10° organisms per milliliter. Indeed, with the exception of 
two single experiments using E cloacae and Pseudomonas, 
there was substantial growth of all species within six 
hours. 

Figure 2 illustrates that variation in inoculum size of Æ 
of the lag phase of E coli remained constant whether the 
initial concentration of organisms was 10° or 10° per mil- 
liliter. Within six hours the exponential phase of growth 
had occurred and by 24 hours the concentrations of orga- 
nisms in each flask were identical regardless of the size of 
the initial inoculum. 

A comparison was made between growth of these spe- 
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Fig 1.—Growth of representative microorganisms in lipid emul- 
sion at room temperature. 


Log Organisms per Milliliter 


12 


Time, hr 


Fig 2.—Effect of inoculum size on growth of E coli in lipid emul- 
sion at room temperature. 

cies in the lipid emulsion and in TPN solution, an amino 
acid mixture containing 25% glucose along with vitamins 
and electrolytes. The results of these experiments are il- 
lustrated in Fig 3. As shown before, all three species 


tested were capable of rapid multiplication in the lipid 


emulsion and the growth curves closely resemble those ob- 
tained from control nutrient broth flasks. In striking 
contrast, E coli and S aureus failed to multiply in the TPN 
solution under these conditions. Candida albicans multi- 
plied at a reduced rate, but tenfold increases of fungi 
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Fig 3.—Comparison of growth of three species in lipid smulsion, 
TPN, and nutrient broth at room temperature. 
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Fig 4.—Effect on growth of adding 50% pooled fresh human se- 
rum to lipid emulsion. Experiments were performed at room tem- 
perature. 


were observed within 12 hours and by 24 hours concentra- 
tions had risen nearly 100-fold. These results demonstrat- 
ing the ability of some TPN solutions to inhibit the 
growth of certain bacteria and retard the multiplication 
of fungi confirm data presented by others.'*** 

The pH and osmolality values of the lipid emulsion and 
TPN and the pH changes during a typical experiment are 
presented in the Table. The pH of the lipid emulsion from 
several lots ranged from 7.1 to 7.8, while the pH of the 
TPN solution was 5.9. During the growth of E coli in the 
lipid emulsion, the pH fell to 5.5 and served as an indicator 
of bacterial multiplication. Growth of the other two spe- 
cies in the lipid emulsion did not affect the pH substan- 
tially. The pH of flasks containing TPN remained rela- 
tively constant throughout the experiment. 

The effect of human serum on microbial growta in the 
lipid emulsion is illustrated in Fig 4. When 50% pooled 
fresh human serum was added to the lipid emulsion, the 
growth of S aureus and C albicans was unaltered and mi- 


crobial multiplication was identical to that in either the- 


emulsion or serum alone. In contrast, the addition of se- 
rum to the lipid emulsion prevented the multiplieation of 
E coli. This effect was observed in fresh serum alone ang 
also in duplicate experiments using heat-inactivated se- 
rum. This strain of E coli is resistant to the complement- 
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Osmolality and pH of Intralipid and 
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pH 
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dependent serum bactericidal reaction. The pH of serum 
alone or the mixture of serum and the emulsion was ap- 
proximately 8 to 8.2 and usually rose slightly over the 48- 
hour period. 


COMMENT 


The present studies demonstrate that the lipid emulsion 
is capable of supporting the growth of several species of 
microorganisms commonly associated with sepsis. Bacte- 
rial multiplication at room temperature was rapid, and 
microbial populations reached concentrations similar to 
those in nutrient broth by 24 hours. Reducing the inocu- 
lum of E coli did not alter the growth rate so that contam- 
ination of this intravenous solution with even small num- 
bers of organisms is potentially hazardous. 

The pH and osmolality of the emulsion, in contrast to 
TPN, are well within the range of growth of E coli, S 
aureus, and C albicans. The emulsion is a complex 
mixture—containing primarily soybean oil, glycerol, and 
phospholipids—that apparently provides the nutritional 
requirements for these microorganisms. The minimal nu- 
trients required for growth of E coli are simple,” and 
while the requirements for S aureus are more complex,” 
staphylococci possess a variety of lipases.” That S aureus 
was capable of hydrolyzing the emulsion components was 
evident by the areas of clearing seen around colonies of 





: staphylococci on agar containing the lipid emulsion. > 
Candida albicans grew as readily in the emulsion fh fp N 
the glucose-containing broth or TPN solution. This may be , 


explained by the presence of glycerol in the emulsion that 
can be utilized by yeasts in place of glucose as a carbon 
source.” 

Trace amounts of free fatty acids have been shown to 
inhibit various microorganisms.” Oleic acid and linoleic 
acid especially have been shown to be inhibitory for Gram- 
positive organisms such as S aureus.” However, the levels 
of free fatty acids in this emulsion may be insufficient to 
exert this effect or the fatty acids may be neutralized by 
the cholesterol or other substances present.”’ 

In an attempt to simulate the in vivo environment at 
the catheter tip, serum was added to the lipid emulsion. 
Fresh or heated pooled human serum did not affect the 
growth of C albicans or S aureus. The inhibition by serum 
of this strain of E coli was not complement dependent and 
remains unexplained. 

Intravenous solutions of 5% glucose or physiologic saline 
have been shown to support substantial microbial multi- 
plication at room temperature," yet these solutions are 
routinely used with safety. Despite the evidence that the 
lipid emulsion is also capable of supporting microbial 
growth, other factors will play a role in reducing the risk 
of infection with use of this solution. The administration 
of the emulsion through a small-bore needle peripherally, 
as opposed to the large-bore central venous catheter, may 
prove to be a critical advantage, perhaps reducing the in- 
fection risk of parenteral nutrition with the emulsion to 
the level associated with conventional intravenous ther- 


apy. 


This investigation was supported in part by US Public Health Service 
grant AI-03082. 
Carol Varnado provided technical assistance. 
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Serum Gastrin and 





Secretin Levels After the 
Exalto-Mann-Williamson Procedure 


Daniel P. Tasse, MD, FRCS(C); Byron E. Kolts, MD; James E. McGuigan, MD; 


Edward R. Woodward, MD; Lester R. Dragstedt, MD, PhD} 


è The Exalto-Mann-Williamson procedure produces peptic ul- 
ceration in nearly 100% of experimental animals but the mecha- 
nism is unknown. To investigate the possible hormonal role of 
the gastric acid hypersecretion seen after this procedure, we in- 
vestigated preoperative and postoperative serum gastrin and se- 
cretin concentrations. There was no significant change in serum 
gastrin; however, serum secretin concentrations increased to 
21⁄2 times the preoperative value, most likely secondary to the en- 
hanced secretion of gastric acid. 

These data do not support the theory that alterations in circu- 
lating secretin or gastrin levels are responsible for the gastric 
acid hypersecretion following the Exalto-Mann-Williamson oper- 
ation. 


(Arch Surg 110:1482-1484, 1975) 


he Exalto-Mann-Williamson procedure, one of the most 
important experimental models in the study of pep- 

tic ulcer disease, is a reliable method to produce gastric 
acid hypersecretion and ulcers in dogs. This procedure di- 
verts biliary and pancreatic secretions to the germinal 
part of the ileum and places the gastric antrum in conti- 
nuity with the proximal part of the jejunum. Even though 
this experimental technique has been widely investigated, 
the pathophysiology of the peptic jejunal ulcerations that 
develop in these dogs is not well understood. The polypep- 
tide hormone gastrin is the most potent known stimulant 
to gastric acid secretion and plays an important role in the 
control of acid secretion by the stomach in the dog, as well 
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as in man. Secretin inhibits gastric acid secretion and may 
be important in its regulation. We report here the investi- 
gation of serum gastrin and secretin concentrations in 
dogs subjected to this experimental procedure. 


METHODS 


Three healthy mongrel dogs, each weighing 20 kg, were used. 
Basal serum gastrin and secretin levels were measured by 
radioimmunoassay after an 18-hour fast. 

A standard Exalto-Mann-Williamson procedure was then per- 
formed on each of these animals (Fig 1). The bowel was divided at 
the pylorus and at the proximal part of the jejunum 3 to 5 em dis- 
tal to the ligament of Treitz. The proxima! end of the duodenum 
was closed; the duodenojejunal segment was anastomosed end to 
side to the distal part of the ileum 20 em proximal to the ileocecal 
valve. Gastrointestinal continuity was reestablished by an end-to- 
end gastrojejunostomy. To verify postoperative gastric acid hy- 
persecretion, a gastric fistula was constructed in one anime! and a 
Heidenhain pouch in another. 

The animals were allowed to recover from surgery for a period 
of three weeks. We then measured the postoperative fasting se- 
rum gastrin and secretin concentrations and, in the dogs with a 
gastric fistula or a Heidenhain pouch, the basal acid outputs. 

The three dogs were killed six weeks following surgery. During 
this six-week period of observation, each dog exhibited a profuse 
diarrhea and lost a substantial amount of weight (> 4 kg). At au- 
topsy the stomach, duodenum, jejunum, and ileum were examined 
for presence or absence of ulceration. 

Serum secretin determinations were performed by specific se- 
cretin radioimmunoassay using antibodies =o purified porcine se- - 
cretin.' Antibodies to secretin were produced by repeated foot-pad 
immunization of randomly bred New Zealand rabbits with porcine 
secretin conjugated to bovine serum albumin using carbodiimide.e 
Radioimmunoassay was performed by the double antibody tech- 
nique, utilizing goat antirabbit gamma globulin for separation of 
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Fig 1.—Exalto-Mann-Williamson operation. 


antibody-bound and antibody-free '*I-secretin. Serum gastrin 
measurements were performed by radioimmunoassay using anti- 
bodies to human gastrin I. Radioimmunoassay measurement of 
serum gastrin and secretin concentrations were performed in 
triplicate; values represent the mean of three fasting samples for 
each of three dogs. Each dog served as its own control for preoper- 
ative and postoperative comparisons. 


RESULTS 


A Heidenhain pouch was created in one of the dogs and 
a gastric fistula in a second dog in order to monitor the 
gastric acid output following the Exalto-Mann-William- 
son procedure to verify the adequacy of the surgical 
model. Figure 2 shows dramatic increases in basal acid 
output after surgery (determined by four 60-minute col- 
lections in each dog), as compared with 60-minute basal 
acid outputs in eight control dogs prepared with Heiden- 
hain pouches and eight control dogs with gastric fistulas. 
The preoperative mean acid output was 2.3 + 0.5 (SEM) 
mEq/hr in dogs with gastrostomies and 0.04 + 0.005 
mEq/hr in dogs with Heidenhain pouches. 

In addition to gastric hypersecretion, two dogs devel- 
oped chronic ulcers at the jejunal side of the gastroenter- 
ostomy that were verified at autopsy examination. The 


- third dog had obvious diffuse inflammation in the proxi- 


mal part of the jejunum characterized by erythematous, 
friable folds but no discrete ulcer. 

Preoperative and postoperative serum gastrin and se- 
cretin values were compared and contrasted. As shown in 
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ACID OUTPUT (Meqg/h) 
GASTROSTOMY 
oO 
HEIDENHAIN POUCH 


CONTROLS EMW-! CONTROLS EMW-2 


Fig 2.—Fasting gastric acid output (mean + 2 SEM) before and 
after Exalto-Mann-Williamson (EMW) procedure. (Control data 
derived from one gastric analysis in each of eight dogs. Dogs 
EMW 1 and EMW 2 had four gastric analyses each.) 
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Fig 3.—Fasting serum gastrin and secretin concentrations 
(mean + 2 SEM) obtained in dogs before and after Exalto-Mann- 
Williamson procedure. 


Fig 8, there was no significant change in fasting serum 
gastrin concentrations. However, serum secretin concen- 
trations significantly increased after the Exalto-Mann- 
Williamson procedure. The mean preoperative serum se- 
cretin level was 66+ 7.9 (SEM) pg/ml and after the 
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experimental surgical procedure was 165+ 4.8 pg/ml 


(P < .01). ; 
| COMMENT 


In 1911, Exalto* noted that duodenal ulcer patients un- 
dergoing a Roux-en-Y anastomosis had a higher incidenee 
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‘of ulcers on the jejunal side of the gastrojejunostomy than 


those undergoing a simple gastroenterostomy. He then 
produced ulcers experimentally in dogs by construction of 
Roux-en-Y diversions. He postulated that diversion of the 
alkaline biliary and pancreatic secretions away from the 
anastomosis was responsible for ulcer development. 

In 1923, Mann and Williamson,’ without knowledge of 
Exalto’s work, produced ulcers in dogs by diverting the 
duodenal contents to the distal part of the ileum. They, 


- too, postulated that the absence of neutralization of gas- 


tric acid and peptic juice by the alkaline pancreatic biliary 
secretions was responsible for the appearance of ulcers. 

In 1929, using this model, McCann‘ demonstrated that 
ulceration occurred even when the alkaline duodenal con- 
tents were diverted into the stomach. Mann’ then postu- 
lated that stenosis at the anastomotic site produced a 
funnel effect with jet-like expulsion of gastric juice con- 
tinuously at the same site with subsequent digestion of 
the jejunal mucosa and resultant ulcer development. 

In 1932, Mann’s theory was rejected by Mathews and 
Dragstedt,® who resected the antrum in association with 
an Exalto-Mann-Williamson procedure and performed a 
wide gastroenterostomy without prevention of ulcer for- 
mation. They also noted that if the duodenal secretions 
were diverted into the proximal part of the jejunum in- 
stead of the distal part of the ileum, no ulcer appeared. 
However, if regurgitation of the pancreatic and biliary se- 
cretions to the anastomatic site was prevented by a me- 
chanical valve, ulcers did develop. They, therefore, con- 
cluded that failure to neutralize acid gastric juice was an 
important factor in the pathophysiology of these experi- 
mental ulcers. 

Oliver’ in 1947 and Storer et al* in 1950 showed that va- 
gotomy was ineffective in preventing ulcer formation in 
the Exalto-Mann-Williamson procedure. In 1952, Storer et 
al investigated the gastric acid output following the 
Exalto-Mann-Williamson procedure. They found a three- 
fold to tenfold increase in gastric acid secretion, which 
constituted a potential key in the understanding of the 
mechanism of this experimental ulcer production. In 1966, 
Manzano et al prevented ulcer formation with this proce- 
dure by anastomosing a fundic pouch to the duodenal 
stump. They, therefore, suggested that the observed gas- 





tric hypersecretion that results from the Exalto-Mann- 
Williamson procedure could be caused by a lack of inhibi- 
tion of gastric secretion. The inhibitory factor seemed to 
be located in the duodenum and its effect appeared related 
to a low pH in the duodenum. 

Such an acid-mediated factor could be acid inhibition of 
gastrin release or acid stimulation of release of the hor- 
mone secretin. Although the primary site of residence of 
gastrin is the mucosa of the gastric antrum, gastrin is also 
known to be located in the duodenal mucosa." Acid is the 
major inhibitor of gastrin release into the circulation. Sur- 
gical removal of this acid inhibition of intestinal gastrin 
release (or the creation of an isolated antrum deprived of 
contact with gastric acid) might lead to hypergastrinemia 
and an ulcer diathesis similar to the Zollinger-Ellison syn- 
drome. Although demonstrating marked increases in gas- 
tric acid secretion, the results of the present studies 
clearly indicate no significant change in serum gastrin 
concentrations after the Exalto-Mann-Williamson proce- 
dure. Another postulated mechanism for enhanced gastric 
acid secretion was hyposecretinemia secondary to exclu- 
sion of substantial portions of secretin-rich duodenal mu- 
cosa from contact with secreted gastric acid. Because infu- 
sions of secretin have been shown to decrease serum 
gastrin concentrations” and to decrease gastrin-induced 
gastric acid secretion,’ reductions in circulating secre- 
tin levels might result in hypersecretion of gastric acid. 
However, rather than being decreased, postoperative se- 
rum secretin concentrations were significantly increased. 
A reasonable explanation of this postoperative secretin 
increase would be stimulation of secretin release from se- 
cretin-containing jejunal mucosa secondary to enhanced 
secretion of gastric acid with the jejunum. 

The results of the present studies indicate that altera- 
tions in circulating secretin or gastrin levels are not re- 
sponsible for the gastric acid hypersecretion observed fol- 
lowing the Exalto-Mann-Williamson operation. Studies of 
other gastrointestinal hormones and other mediators of 
gastric acid secretion remain to be performed. 


This investigation was supported by National Institutes of Health grants 
AM 02372, AM 04178, and AM 18711. Dr Tasse was the recipient of a fel- 
lowship grant from the Medical Research Council of Canada. 
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Clinical Notes 


Massive Small Bowel Resection in a Neonate 


Four-Year Follow-Up 


Ian A. Aaronson, MA, MB, BChir, FRCS; Malcolm D. Bowie, MD, FRCP (Edin); 


Sidney Cywes, MD, MMed (Surg); Jan H. Louw, ChM, FRCS 


© All but 17 cm of small intestine was removed in the neonatal 
period from a child now aged 4 years. Satisfactory growth was 
achieved by 2 years of age without prolonged intravenous hyper- 
alimentation. On return to his home environment progress was 
not maintained, and by 4 years of age, mental and physical retar- 
datién were found. 

Cholestyramine resin was beneficial in reducing stool bulk but 
had no substantial effect on fat absorption. Compensatory 
changes in the remaining bowel are recorded. 

(Arch Surg 110:1485-1490, 1975) 


‘i aa remarkable potential of the infant to adapt to 
massive small bowel resection is now recognized'4 
and survival is recorded in an increasing number of pa- 
tients left with very little small bowel. In a recent review 
of 50 cases reported in the English literature, Wilmore’ 
found that all but one infant with more than 38 cm of 
small bowel remaining survived. Half of those infants left 
with 15 to 38 cm of small bowel were alive, but none lived 
where less than 15 cm remained. Where the ileocecal valve 
had been resected, 40 cm was the minimum length for sur- 
vival. Satisfactory growth and development have been re- 
ported in most, but not all, of the surviving patients. 
We record here the progress of a child now aged 4 years 
from whom all but 17 cm of small bowel was removed in 
the newborn period, and who is now physically and men- 
tally retarded. Observations on his management and 
adaptive changes in the remaining bowel are discussed. 


REPORT OF A CASE 
A baby was admitted aged 8 days, having vomited bile since 
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birth. No meconium had been passed. Examination revealed a 
jaundiced, dehydrated boy weighing 2.4 kg (5.3 lb). The abdomen 
was not distended and the rectum was empty. A plain abdominal 
roentgenogram showed a single dilated loop of bowel suggestive 
of high jejunal atresia. A roentgenogram taken after a barium en- 
ema showed a microcolon in the position of incomplete rotation. 

After rehydration, laparotomy was performed. The proximal 
part of the jejunum was grossly dilated and ended blindly 15 cm 
from the ligament of Treitz. The distalmost 9 cm of ileum was 
patent and in continuity with the cecum lying in the midline. The 
intervening small bowel was represented by a “string of sau- 
sages” of very short segments of bowel joined by fibrous cords. 
The mesentery was deficient, conforming to a “Christmas-tree” 
deformity. The grossly dilated blind bulb of the jejunum was re- 
sected, leaving 8 cm, which was anastomosed end to back to the 
distal part of the ileum, a total of 17 cm of small bowel being re- 
tained. 

Postoperatively, the unconjugated serum bilirubin level reached 
18.9 mg/100 ml and an exchange transfusion was given. Bowel ac- 
tions were established on the third postoperative day. Because of 
copious gastric aspirate, oral feedings were withheld until the 
ninth day when a one-in-three dilution of evaporated milk was 
given; this was increased gradually to full strength by the third 
week. As the concentration of feedings increased, frequent wa- 
tery stools (up to 16 per day) were passed. A vegetable thickening 
agent derived from the carob seed and an amylase-and-trypsin- 
containing, wheat-based formula supplement were added to a 
half-cream milk formula with little change in stool volume or 
consistency. A three-hour feeding schedule was changed to a con- 
tinuous gastric drip and kaolin mixture with pectin, codeine phos- 
phate, and a mixture of atropine sulfate and diphenoxylate hydre- 
chloride (Lomotil) were tried, with no effect. Traces of sugar were 
detected in the stools at intervals, but pathogens were not cul- 
tured. Particularly severe episodes of diarrhea were managed by 
withholding all oral feedings for 24 to 48 hours. Throughout this 
time a continuous intravenous electrolyte infusion was necessary. 


Plasma was given weekly and whole blood transfused to correct * 


anemia. Daily supplements of vitamins, iron, folic acid, and alkalis 
were given by mouth and calcium and magnesium were given in- 
travenously. Vitamins B,, and D were given by intramuscular in- 
jection once a month. 

At 2 months of age a small weight gain was seen (Fig 1), but be- 
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j _ tween 8 and 17 stools a day were passed and this was not sus- 
= tained. A spaceman’s diet was introduced, but there was no fur- 


ther weight gain. An attempt to supply adequate calories by 
infusions of protein hydrolysate injection (Aminosol), 10% dex- 
trose, and soybean oil (Intralipid [Sweden]) using peripheral veins 
resulted in recurrent thrombophlebitis and skin sepsis, and the 
provision of only one third of his needs. 

At 4 months of age fecal fat excretion was 17 gm in 24 hours 
and a xylose tolerance test showed a urinary excretion of 5%. An 


.exacerbation of diarrhea now necessitated stopping oral feedings, 


and a central venous catheter was inserted according to the tech- 
nique of Dudrick et al.’ Total hyperalimentation with protein hy- 
drolysate injection with added electrolytes and soybean oil was 
commenced, but after two weeks septicemia occurred and the 
catheter was removed. Intermittent infusions of hyperalimenta- 
tion fluids were given via peripheral veins during the next three 
weeks. 

At 5 months, mixed feeding was gradually introduced with 
ground beef, vegetables, apple, and banana; this was well toler- 
ated and a steady weight gain was seen, but frequent watery 
stools persisted. By 10 months of age he was passing four to six 
bulky soft stools and, for the first time since his admission to the 
hospital, intravenous infusions were discontinued. 

Because of poor home circumstances, he remained in the hospi- 
tal for the first 2 years of his life. At 16 months, a prolonged epi- 
sode of diarrhea of acute onset, for which no cause was found, re- 
quired intravenous hydration for several weeks. By the age of 2 


~ years, he had reached the 20th percentile for weight, and although 


not standing or talking, he appeared bright and alert, and was dis- 
charged home. 

He was readmitted six months later with otitis media. He had 
lost weight and was now in the third percentile. He had been pass- 
ing between one and six bulky stools per day. Laboratory investi- 
gations revealed the following values: hemoglobin, 12.1 gm/100 


ml; serum B,,,> 900 mg/100 ml; serum total protein, 6.8 gm/100 
ml; albumin, 3.7 gm/100 ml. His serum magnesium level was at 
the lower limit of normal, but his serum calcium, electrolyte, and 
cholesterol values and acid-base status were normal. A xylose tol- 
erance showed 4% urinary excretion. Steatorrhea was pronounced. 
Half-cream milk was changed to a medium-chain, triglyeeride- 
containing formula, and he was discharged. 

Three months later he was readmitted with an acute episode of 
vomiting and diarrhea. A plain abdominal roentgenogram was in- 
terpreted as showing subacute intestinal obstruction. He had lost 
weight. His serum calcium level had fallen to 7.9 mg/100 ml and 
his serum total protein level to 5.8 gm/100 ml. Vomiting ceased, 
but the diarrhea, for which no specific cause was found, resulted in 
severe dehydration and necessitated intravenous electrolyte infu- 
sions for the next two months. Oral feedings were temporarily 
withheld and, when resumed, the medium-chain, tryglyceride-con- 
taining formula was replaced by half-cream milk. Cholestyramine 
resin, 1.3 gm three times a day, was given, following which his 
stools became less frequent. Weight gain was restored and he was 
discharged. 

At the age of 4 years 4 months he was readmitted for review. 
He weighed 9.0 kg (19.8 lb), well below the third percentile. His 
height was 86 cm (33.9 in), well below the third percentile for age, 
but in the 25th percentile for weight. He appeared bright and ac- 
tive. He could not stand unaided or talk. There was no control over 
bowels or bladder, and he wore diapers. He was passing from one 
to three bulky soft stools per day. General examination, apart 
from surgical scars, was unremarkable (Fig 2). > 


RESULTS 
Hematologic and Biochemical Studies 


Laboratory studies revealed the following values: hemo- 
globin, 11.7 gm/100 ml; white blood cell count, 8,700/cu 


Fig 1.—Weight gain to 4 years 4 months of age, duration of intravenous fluid therapy, and hospitalization. 
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mm; platelets, 350,000/cu mm; serum iron, 37ug/100 ml; to- 
tal iron-binding capacity, 347ug/100 ml; folate, >28 ng; 
B,» 460 ng/ml; serum total protein, 6.6 gm/100 ml; albu- 
min, 3.8 gm/100 ml; prothrombin index, 92%; cholesterol, 
140 mg/100 ml; serum calcium, 9.8 mg/100 ml; phosphate, 


4.0 mg/100 ml; magnesium 1.25 mEq/liter; alkaline 
phosphatase, 109 international units/liter. Plasma urea, 
creatinine, sodium, and potassium levels and acid-base 
balance were normal. The 24-hour urinary calcium excre- 
tion was 4.6 mg/100 ml. 


Gastrointestinal Absorption Studies 


Cholestyramine was withheld for a three-day fat bal- 
ance. On a 62-gm fat diet, equivalent to his normal diet at 
home, gross steatorrhea was found, 95 gm fat being ex- 
creted, a mean of 32 gm per day. The balance was re- 


“peated on cholestyramine resin, 1.3 gm three times a day. 


Three-day fat excretion was not substantially altered at 
82 gm. There was, however, a reduction in total stool 


weight from 921 to 668 gm (Fig 3). Stool-reducing sub- 
stances were not detected. Xylose urinary excretion was 
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Fig 2.—Patient (left) aged 4 years 4 
months compared with normal child of 
same age. 


Fig 3.—Effect of cholestyramine on 
three-day stool weight and fat content. 
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14%. Overnight fasting gastric acid concentration was ele- 
vated at 149 mEq/liter in 15-ml volume. An augmented 
histamine test showed a normal response. 


Small Intestinal Mucosal Biopsy 


A biopsy specimen of the duodenal mucosa was obtained 
with a Watson capsule. The villi were abnormally tall and 
slender, but no branching or dilation of lymph spaces was 
seen (Fig 4). 


Roentgenographic Studies 


When the patient was 18 months old, a barium meal and 
follow-through were performed (Fig 5). The duodenum, 
jejunum, ileum, and cecum were dilated, most noticeably 


distal to the anastomosis. The mucosal pattern was coarse. 


Barium reached the cecum in 15 minutes. 

By the age of 4 years 4 months (Fig 6), The small bowel 
dilation appeared more marked and the mucosa coarser. 
Barium now reached the cecum in 45 minutes and was not 
cleared from the small bowel for four hours. There did not 
appear to be any substantial increase in length of the 
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bowel. Roentgenograms of the hands showed osteoporosis 
with cysts in the phalanges and metacarpals (Fig 7). 


Developmental Assessment 


The patient could stand for a few moments with sup- 
port but moved in a sit-and-craw] fashion. He pointed 
to things he desired, but his speech consisted of only a 
few unintelligible words. On the Denver developmental 
screening test, fine motor skills were found up to the 3- 
year-old level and a verbal receptive level of 2 years 8 
months was demonstrated. Although his mental age was 
placed at 23 months (IQ equivalent of 44) or moderately 
retarded on the Merrill-Palmer scale, individual test 
scores up to 3 years of age were recorded. 

He was given iron and vitamin D parenterally and re- 
turned home. He continues to take oral supplements of 
iron, vitamins, folic acid, and cholestyramine. Vitamin B,, 
injections have been discontinued. For simplicity, he eats 
normal family meals. 


Fig 4.—Duodenal mucosal biopsy specimen showing long slen- 
der villi (nematoxylin-eosin, X 100). 
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COMMENT 


The earliest metabolic disturbance following massive 
bowel resection is of fluid and electrolyte depletion. As 
this recovers, a prolonged phase of impaired absorption of 
nutrients is seen. Initially carbohydrates, protein, and fat 
are affected but recovery occurs, first of carbohydrates, 
then of protein.* Prolonged fat impairment is often seen. 
Although a correlation between the severity of steator- 
rhea and protein absorption is recognized,’ clinical mani- 
festations of protein deficiency are rare. Fat-soluble vi- 
tamin, folate, calcium, magnesium, and vitamin B,, 
deficiencies may occur. 

The severity of this patient’s fluid and electrolyte prob- 
lem is evidenced by the necessity for a continuous intra- 
venous infusion for the first ten months of his life. Two 
separate acute episodes of what appeared to be gastroen- 
teritis required intravenous fluid replacement for three 
months on each occasion. A variety of proprietary milks 
were tried empirically, but he seemed to cope best of all on 
a standard half-cream dried milk formula. Medium-chain 
triglycerides have been shown to benefit patients who 
have undergone small bowel resection in reducing stea- 
torrhea, but in our patient frequent stools and weight 
loss continued. 

The motility of the gut in these patients may possibly 
be related to the high gastric acid that may be found,"' but 
more certainly to the action of an abnormally high concen- 
tration of bile salts reaching the colon as a result of im- 
paired reabsorption from deficient ileum. Their action has 
been shown to induce the loss of water and electrolytes 
into the lumen of the colon.'* The binding of these excess 
salts by cholestyramine has been shown to be of benefit in 
adult patients with ileal resections," and this observation 
has been confirmed in this patient. The effect of cho- 
lestyramine on fat absorption will depend on the response 
of the liver to an interruption of the enterohepatic circula- 
tion. No substantial alteration was seen. 

The morphologic adaptive changes in the remaining 
bowel following resection, of increased diameter and 
thickening of muscle and mucosa with elongation of villi, 
has long been recognized.'* Whether these represent a 
true compensatory hypertrophy is uncertain. The observa- 
tion in rats that dilation occurs distal to the anastomosis 
following substantial proximal bowel resection but not in 
the remaining bowel after distal resection, has led to the 
hypothesis that the increased bulk of the poorly absorbed 
bowel contents may be a factor. Evidence of histologic 
changes in infant bowel is lacking. The increase in num- 
ber and height of villi with branching, and dilation of lym- 
phatic spaces seen in the patient reported by Bell et al,'° 
have not been observed in this patient. There is no evi- 
dence from the roentgenograms of substantial length- 
ening of the bowel with time, although dilation is well il- 
lustrated. It is important to recognize that this is a usuak~ 
phenomenon to avoid the error of exploring the abdomen 
for suspected intestinal obstruction." . 

Our patient’s poor progress in the early months of lifé 
and poor prognosis raised the possibility of surgery to de- 
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Fig 5.—Barium meal and follow-through at 1 year 6 months of 
age. Fifteen-minute x-ray film. Note generalized dilation of bowel, 
most marked distal to anastomosis at mid-small intestine. 


lay transit time. A variety of procedures in experimental 
animals and adults have been shown to be effective in im- 
proving nutrition. Reversed small bowel segments have 
been most widely employed. Winchester and Dorsey" 
found favorable results in 19 of 22 adult patients thus 
treated. Cywes’® has reported the case of an infant in 
whom a reversed jejunal segment and subsequently a duo- 
denojejunal pouch were fashioned, but obstructive epi- 
sodes complicated both of these procedures. Colonic inter- 
position, although of value in experimental animals, has 
not proved to be beneficial in patients (P. P. Rickham, MD, 
written communication, 1972). Cywes concluded that sur- 
gery should be reserved for failure of prolonged medical 
treatment. The satisfactory weight reached by 2 years of 
age in this patient with perseverance has reinforced this 
view. 

Hypoglycemia in the newborn period may contribute to 
neurologic damage,” but the role of malnutrition in re- 
tarding mental development is not definitely estab- 
lished.” Hospitalization and sepsis are certain to have 
played a part in this patient’s retardation. Total intra- 
venous hyperalimentation may support growth and devel- 
opment of an infant,” but the long-term effects of this 
support are not yet known. The place it has in encour- 
aging growth in the residual intestine” is not known in 
patients..The short periods in which intravenous hyper- 
flimentation was used here were probably of value in 
the early phase of his management, but the remarkable 
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Fig 6.—Barium meal and follow-through at 4 years 4 months. 
Forty-five minute x-ray film. There is further dilation of bowel but 
no increase in length. 





Fig 7.—Phalanges of hand. Note decreased bone density with 
cyst formation. 


growth that can be achieved with such little residual in- 
testine by oral feeding is illustrated. Our patient’s deteri- 
oration after discharge from the hospital, we believe, re- 
flects his vulnerability to the deprivations of a home 
environment in the lower socioeconomic group. Nonethe- 
less, we believe that perseverance in the early months 
with infants with extremely short lengths of residual 
bowel may prove rewarding. 
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Nonproprietary Name and 
Trademarks of Drug 


Cholestyramine resin—Cuemid, Questran. 
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Editorial Comment 


Since the era of intravenous hyperalimentation was introduced 
by Rhoads and Dudrick as a result of their management of an in- 
fant with a similarly shortened segment of bowel, it is gratifying 
to see that this infant with only 17 cm of small bowel has grown 
remarkably well using a combination of intravenous and oral hy- 
peralimentation regimens. It is unclear whether sepsis, hypogly- 
cemia, or other metabolic deficiencies were responsible for the 
retardation in mental development in this patient; further long- 
term analyses will be necessary to provide more information on 
this important aspect of nutrition. This study confirms previous 
observations that substantial lengthening of a short bowel seg- 
ment does not occur with time, although dilation is usually seen. 
The question that is unanswered by the study is how much small 
bowel must be missing before the infant with shortened intestine 
should be considered irretrievable? With the high cost of long- 
term hospitalization of an infant receiving intravenous hyperali- 
mentation, this prognostic point may be of extreme importance in 
the future. 

Eric W. FoNKALSRUD, MD 
Los Angeles 
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Malignant Hyperthermia Associated 
With Enflurane Anesthesia 


Philip R. Caropreso, MD; Mark A. Gittleman, MD; 
Desmond J. Reilly, MD; Lewis T. Patterson, MD 


è Malignant hyperthermia is induced by potent inhalation an- 
esthetics. Enflurane must be added to the list of those anesthetic 
agents (such as halothane and succinyicholine) that are associ- 
ated with this condition. The patient in our study was a young 
woman with no history of prior exposure to general anesthetics, 
and no family history of complications following administration 
of anesthetics. The other possible causes of hyperthermia in the 
patient were investigated and eliminated, and the condition was 
finally associated with enflurane. Enflurane should not be used 
in patients with a family history of this rare but often lethal dis- 
order. 

(Arch Surg 110:1491-1493, 1975) 


alignant hyperthermia is a potentially fatal, pri- 
marily autosomal syndrome of unknown cause. 

First reported by Denborough and co-workers’ in 1962, the 
condition consists of a fulminated hyperpyrexial crisis 
that is triggered by potent inhalation anesthetics. Malig- 
nant hyperthermia may be associated with the use of en- 
flurane, a relatively new, noninflammable anesthetic 
agent. We are aware of only one other case’ that suggests 
that enflurane is associated with malignant hyperthermia. 


REPORT OF A CASE 


A 25-year-old woman was admitted to the hospital with pain in 
the superior quadrant of the abdomen on the right, nausea, and 
vomiting that had lasted 12 hours. The condition was diagnosed as 
acute cholecystitis. The patient had no distinctive past medical 
history, no history of prior exposure to general anesthetics, and no 
family history of complications following exposure to them. She 
denied being allergic to any drugs. 
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On physical examination, blood pressure was 140/90 mm Hg, 
pulse rate was 90 beats per minute, respirations were 16/min, and 
temperature was 38.6 C (98.2 F). She was well developed, well 
nourished, and in no distress. Pertinent physical findings included 
minimal, symmetrical thyroid enlargement without bruits. A 
grade 2/6 midsystolic ejection murmur was heard along the ster- 
nal border on the left. Tenderness to deep palpation in the supe- 
rior quadrant on the right side of the abdomen was present. There 
was no rebound tenderness. The results of pelvic and rectal exam- 
inations were normal. 

Initial laboratory data revealed a hemoglobin level of 10.7 
gm/100 ml, a hematocrit reading of 33%, and a white blood cell 
(WBC) count of 4,100/cu em with a normal differential. Labora- 
tory investigations included blood chemistry studies, using an au- 
tomated multiple analysis system. The results of the blood studies 
were within normal limits. The results of a chest roentgenogram 
and an ECG were normal. An elective cholecystectomy was sched- 
uled when a cholecystogram failed to produce visualization of the 
gallbladder. 

Preoperative medications consisted of doses of 100 mg of pento- 
barbital (Nembutal), 50 mg of meperidine hydrochloride, and 0.5 
mg of atropine (intramuscularly injected). Anesthesia was in- 
duced with 200 mg of thiopental (Pentothal) sodium. Succinyleho- 
line (60 mg) was intravenously administered, and the patient un- 
derwent intubation with a No. 34 cuffed endotracheal tube. There 
was excellent relaxation during intubation, with no evidence of 
any muscular rigidity. Anesthesia was maintained with N,0:0, 
(3:2) and enflurane (1% to 4%). Thirty minutes after induction of 
anesthesia, tachycardia of 130 beats per minute was noted. Over 
the next 20 min, the pulse rate increased to 160 beats per minute. 
All anesthetic agents were discontinued 50 min after induction of 
anesthesia. The patient was mechanically ventilated and inspired 
100% oxygen. 

The operative procedure lasted 55 min, and consisted of a cho- 
lecystectomy for calculous cholecystitis and an incidental appen- 
dectomy. The patient’s skin was dry and warm at termination of 
surgery. The carbon dioxide cannister was hot. Her reetal tem- 
perature was 40.2 C (104.4 F). Pulse rate was 106 beats per minute, 
and blood pressure was 110/50 mm Hg. A presumptive diagnosis 


Malignant Hyperthermia—Caropreso et al 1491 


n 
“Lae 


+ > +à D 





5 
i 
E 





SSE Pe Eee ae RL ll re il i a 
P Sn = oh ek 


Table 1.—Laboratory Data 


Date 


nk ERE STA on PEE ee EE I a Rae aE 

Study 3/26 4/1* 4/2 4/3 4/4 4/6 4/13 5/11 
Na+, mEq/liter TRE Ia (FOO 190) feel- eee 187 
Cl, mEq/liter 106: 100)? "06" G6 0-5 «ac --98 
K+, mEq/liter Se, SO ONION. stor eek AS 
CO,, mEq/liter SAI UNG. ROIA La tee | 0 
CA mg/100'mi 6.1. 68 64 635 .... «.. 86 
P, mg/100 ml 7 Hy a: T ra Oi FRAO ORAN A 
BUN, mg/100 ml Mie = a0 Oe 6), oui ths" 40 


CPK, My/ ml 
(within nor- 
mal limits, 
<35 My / ml) 





2,540 655 
* Date of patient’s surgery. 


Table 2.—Serum CPK Levels of Family Members 


Age, yr 
Father 65 


Level, m/mi Normal Range, my/ml 


Mother 47 
Daughter 6 
Sister 33 
Nephew 5 





of malignant hyperthermia was made, and therapy was immedi- 
ately initiated. 

The bottle of lactated Ringer solution was discontinued and 
sent for bacterial culture, and blood cultures were obtained. All 
drapes and blankets were removed from the patient. She then re- 
ceived intravenous injections of sodium bicarbonate (88 mEq), 
chlorpromazine (Thorazine [2.5 mg]), and hydrocortisone sodium 
succinate (Solu-Cortef [500 mg]). Cold lactated Ringer solution 
(1,500 ml) was also intravenously infused. In addition, we began a 
drip infusion of procainamide hydrochloride (Pronestyl [1 gm/ 
500 ml of lactated Ringer solution]). A Foley catheter was in- 
serted, and a central venous pressure catheter was placed via the 
infraclavicular subclavian route. The patient was sponge-bathed 
with iced saline. Laboratory studies and arterial blood gas eval- 
uations (100% oxygen inspiration; pH, 7.41; oxygen pressure [Po,], 
533 mm Hg; carbon dioxide pressure [Pco,], 32 mm Hg; bicarbon- 
ate ion [HCO,], 19 mEq/liter) were performed following the ad- 
ministration of sodium bicarbonate (Table 1). 

After 20 min, the rectal temperature was 39.8 C (103.6 F). Fol- 
lowing treatment for one hour, it had fallen to 38.3 C (101 F). The 
pulse rate was 140 beats per minute. The patient was transferred 
to the recovery room, spontaneously breathing oxygen at a flow 
rate of 6 liters/min, with the endotracheal tube in place. Wright 
respirometer readings showed tidal volume (Vt) to be 600 ml, res- 
piratory rate (RR) to be 16/min, and minute volume to be 9.6 li- 
ters/min. The patient underwent extubation three hours after the 
operation. Twelve hours after surgery, a grossly red urine sample 
was collected, having only two to three red blood cells per high- 
power field. Myoglobinuria was suspected, and 25 gm of mannitol 
was given intravenously. 

The patient became afebrile 24 hours after surgery, following 
which other known causes for hyperthermia were investigated 
and eliminated. The operating room itself was well ventilated and 
air-conditioned. Thyroid function was normal as determined by 
the results of a triiodothyronine (T,) test (29.9%; normal, 25% to 
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35%) and a thyroxine (T,) test (10.6 mg/100 ml; normal, 5 to 14 
mg/100 ml). The free thyroxine index T, was 10.5 (normal, 4.4 to 
15.7). Blood and intravenous solutions cultured from the operating 
room revealed no growth; 24-hour urinary vanillylmandelic acid 
was 3.9 mg (normal, 0.5 to 0.7 mg). At no time during the postop- 
erative period was there any evidence of coagulation abnormal- 
ities. The patient was discharged from the hospital on the 18th 
postoperative day. The results of an electromyogram performed 
six weeks after her operation were normal. No biopsies of the 
muscle were performed. The patient now wears a medic-alert 
necklace. | 

The patient’s family were investigated for serum creatine 
phosphokinase (CPK) levels (Table 2). These results indicated an 
inherited enzyme abnormality with incomplete penetrance. All 
family members have been fully informed of the potentially lethal 
complications of general anesthesia. 


COMMENT 


This patient manifested many of the reported abnor- 
malities observed with malignant hyperthermia. There 
was a rapid rise in body temperature to 40.2 C (104.4 F). A 
maximum temperature of 43.3 C (110 F) in survivors has 
been reported.’ Tachycardia was persistent, and it has 
been witnessed in 75% of the patients with malignant hy- 
perthermia. Increased serum CPK levels, a decreased se- 
rum Ca**, a metabolic acidosis, and presumptive evidence 
of a transient myoglobinuria were also present. All of 
these clinical findings have been associated with malig- 
nant hyperthermia. Increased use of soda lime, with the 
cannister becoming warm, was a warning signal. It is fre- 
quently encountered in cases of malignant hyperthermia. 
Muscular rigidity is a common feature of the condition, 
but it was absent in this patient. 

Malignant hyperthermia is a rare condition with low in- 
cidence. Generally, it strikes only one of 14,000 to one out 
of 75,000 patients who receive general anesthesia. It is 
highly lethal, with a 70% to 80% mortality, in spite of ther- 
apy. There are no known precipitating causes, such as 
pyrogens, thyrotoxicosis, infection, CNS disturbance, ex- 
hausted soda lime, warming blanket, or draping. 

Halogenated anesthetics and succinylcholine are the 
agents that induce most cases of malignant hyperthermia, 
and they are the most common general anesthetics. In one 
series of 40 patients, 66% of the patients received halo- 
thane and 72% received succinylcholine.* Thirty-three per- 
cent of the patients with malignant hyperthermia demon- 
strate an abnormal response to succinylcholine,’® such as 
immediate muscular rigidity. However, there may be a 
normal initial reaction, as was observed in this patient, 
and the gradual onset of rigidity may follow.° 

The cause of malignant hyperthermia has not been de- 
termined, and a common denominator is not apparent. 
The surgery is usually an elective or relatively minor 
emergency procedure, performed on a healthy, young pa- 
tient with an unsuspected propensity for malignant hy 
perthermia. Malignant hyperthermia is a genetically in- 
herited, primarily autosomal condition with, reduced 
penetrance.’ There is a close association between hypes- 
thermia and myopathy, as reflected by elevated levels of 
serum CPK and by musculoskeletal abnormalities.’ Muscle 
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biopsies for histopathologic and pharmacologic screenings 
are recommended,’ due to a high degree of suspicion of 
malignant hyperthermia when a patient receives general 
anesthesia. The possibility of a diffuse, enzymatic re- 
sponse to general anesthesia has been postulated as the 
cause of the condition. Other biochemical analyses attrib- 
ute the condition to defective calcium accumulation in the 
membrane of muscle sarcoplasmic reticulum in vitro and 
in vivo.”® 

Inhalation anesthesia and surgery must be concluded 
safely as soon as possible in order to treat established hy- 
perthermia. The administration of succinylcholine is inad- 
visable. To reduce the hyperthermia, body and blood cool- 
ing should be employed, for surface cooling alone is 
ineffective. A cooling blanket, iced saline placed in the 
peritoneum and thorax or both, gastric lavage with iced 
saline, and the administration of cool, parenteral electro- 
lyte solutions are effective methods of decreasing the fe- 
ver. Shivering, which further increases metabolism, can be 
retarded by the parenteral administration of chlorproma- 
zine (0.25 to 0.5 mg/kg). Continuous monitoring of the 
esophageal or rectal temperature is necessary S0 as to 
avoid the excessive treatment that would reduce hyper- 


thermia to hypothermia rather than to a euthermic state, 
with a fall below 37.2 C (99 F). Adequate oxygenation to 
the tissues monitored by arterial blood gas levels is sup- 
plied by a non-rebreathing, well-humidified anesthetic 
system in which the patient is mechanically hyper- 
ventilated on 100% O,.° Sodium bicarbonate is provided for 
correction of the metabolic acidosis. Hyperkalemia is best 
treated by intravenous insulin injection, dextrose, and cal- 
cium gluconate. Oligemia, which develops secondary to the 
hyperthermia and peripheral vasodilation requires rapid 
parenteral infusion of electrolyte solutions. Although its 
mechanism of action in malignant hyperthermia is not 
known, procainamide hydrochloride in a bolus dose of 30 to 
40 mg/kg, followed by 0.2 mg/kg/min, is also advocated.’ 
Hydrocortisone sodium succinate (30 mg/ kg) has also been 
suggested for treatment of hyperthermia.’ If available, 
partial cardiopulmonary bypass acts as a heat exchanger, 
and dilutes possible trigger agents.” 


Nonproprietary Name and 
Trademark of Drug 


Enflurane—Ethrane. 
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Complications of 
Ornamental Christmas 


Case Report and Review of the Literature 


Hans P. Norberg, Jr, MD, Hernan M. Reyes, MD 


è Unusual complications ensued when a 14-month-old boy in- 
gested an ornamental Christmas bulb. Profuse rectal bleeding, a 
large ischiorectal abscess, and an acute condition of the abdo- 
men necessitated a sigmoid colostomy with drainage of the is- 
chiorectal abscess. Following this, repeated episodes of hemor- 
rhage via the colostomy and rectum required multiple operative 
procedures. The last of these was a total colectomy with an 
ileostomy and rectal mucous fistula. The patient subsequently 
developed intestinal obstruction that required lysis of adhesions 
and drainage of a chronic subhepatic abscess, due to perfora- 
tion of the terminal part of the ileum. The patient required five 
months of hospitalization and further surgery to reconstruct gas- 
trointestinal continuity. 

Hemorrhage is an infrequent complication of foreign body in- 
gestion, as reported in the literature. We theorize that the prob- 
lems in this case were the result of the extreme thinness (0.033 
cm) and the brittleness of the glass fragments. 

(Arch Surg 110:1494-1497, 1975) 


nce in the stomach, 90% to 95% of all ingested 
foreign bodies, and 80% to 85%*~* of all sharp foreign 
bodies traverse the alimentary canal and are passed with- 
out difficulty. Therefore, conservative management of the 
patient (watchful waiting, regular diet, no cathartics) is 
advocated. However, if complications arise, they take the 
form of perforation, obstruction, or hemorrhage. '°-'* 
Hemorrhage is so unusual that it is not mentioned in 
several series. Gross and others®'*'* describe occasional 
and inconsequential rectal bleeding as foreign bodies are 
passed out of the rectum with the stool. We are aware of 
OSA EE eo SEES, DEST OS Seed MORENO RL COMP RE OY Oa 
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Bulb Ingestion 


only four cases*:'"'* in the literature that describe sub- 
stantial bleeding associated with perforation. The follow- 
ing case illustrates repeated episodes of hemorrhage, with 
and without perforation, following the ingestion of glass 
fragments. 


REPORT OF A CASE 


A mother found her 14-month-old son crying loudly while he 
held a glass Christmas tree ornament (8.26 cm in diameter). She 
noted a fragment in his mouth, but was unable to remove it. Two 
fragments of glass were removed from the posterior part of his 
pharynx under general anesthesia at a community hospital on Dec 
18, 1973. 

While in the recovery room, the patient regurgitated several 
more pieces of glass. Two days after surgery, six more pieces were 
passed via the rectum, accompanied by profuse rectal bleeding. A 
linear laceration of the anus was closed with chromic catgut su- 
tures, and hemostasia was accomplished. He was observed for one 
week, during which time he passed many more small glass frag- 
ments without hemorrhage. He was then discharged from the hos- 
pital. 

A week after discharge, he again passed a large glass fragment 
and began to bleed profusely via the rectum. He was readmitted, 
and proctoscopic examination revealed a marked granularity of 
the entire rectal mucosa, with a small, superficial fissure at the 
left posterior border of the anal canal. The previous repair ap- 
peared to be well healed, and a single chromic suture ligature 
proved sufficient to control bleeding. On the third day following 
this hospitalization, the patient became febrile, his abdomen be- 
came distended, and he had a seropurulent discharge via the rec- 
tum, along with a piece of glass. 

The patient underwent exploratory surgery. Except for a di- 
lated sigmoid colon, there were no intra-abdominal findings. Fur- 
ther examination of the anorectal area revealed a large, ischiorec® 
tal abscess that was opened and packed. A sigmoid colostomy was 
also performed. The patient continued bleeding despite the colos- 
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Left, Following mobilization of colostomy, 15 cm long laceration extended to peritoneal cavity, through which loop of bowel has her- 
niated. Right, Extensive full-thickness laceration of colon along mesenteric border distal to colostomy. 


tomy, and reexamination revealed complete avulsion of the poste- 
rior rectal wall. i 

The child received a transfusion and was transferred by ambu- 
lance to Wyler Children’s Hospital, University of Chicago Hospi- 
tals and Clinics, on Jan 21, 1974. The additional family history 
then obtained did not reveal coagulopathy or a family background 
of bleeding disorders. 

A three-way barium enema with air contrast failed to reveal 
any foreign bodies. However, the enema did demonstrate a large 
cavity with multiple fistulas leading to the perineal region, imme- 
diately below the anal cavity. The patient’s hemoglobin level was 
10.6 gm; his hematocrit reading was 33.1%; his white blood cell 
count was 7,900/eu mm; his platelet count was 400,000/cu mm; 
electrolytes, urinalysis, serum glutamic oxaloacetic transaminase, 
serum glutamic pyruvic transaminase, alkaline phosphatase, pro- 
thrombin time, partial thromboplastin time, chest and plain ab- 
dominal x-ray films, total protein, and protein electrophoresis 
were all within normal limits. Proctoscopic examination showed 
that the anal sphincter was completely lacerated from the mu- 
cocutaneous junction for a distance of 5 cm. The anal mucosa was 
replaced by granulation tissue with many large, inflammatory 
polyps. The puborectal sling appeared to be intact. This area was 
“debrided and packed. 

Two weeks after the proctoscopy, the patient became irritable, 
and a swelling and erythema were noted around the colostomy 
*site. The next day, several small fragments of glass were passed 
from the proximal part of the colostomy, and bleeding ensued. Ex- 
amination revealed a laceration (3 cm long) along the mesenteric 
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border of the proximal part of the colostomy, 1.5 cm below the co- 
lostomy opening. 

The colostomy was then revised with resection of 5 cm of de- 
scending colon. Two small glass fragments were founc, each less 
than 1 mm thick. The rectosigmoid was exteriorized as a mucous 
fistula through a separate stab wound in the abdominal wall. Since 
the perineum was now completely debrided and free of infection, 
a repair was carried out four days after the colostomy revision. 

Two days after this repair, the entire perineal repair completely 
disrupted. Multiple pieces of glass were found in the mucous fis- 
tula, as well as in the rectum. There was a brisk hemorrhage from 
both sites. Bleeding was controlled by electrocautery, and the 
mucous fistula was revised. 

Ten days later, the patient again passed several fragments of 
glass from the proximal part of the colostomy with hemorrhage. A 
loop of small bowel was seen protruding through a rent in the 
proximal part of the colostomy and the abdominal wall to which it 
was anchored. At surgery, a 15-cm full-thickness laceration was 
found along the mesenteric border of the proximal part of the co- 
lostomy, extending back from its opening (Figure). 

The entire abdomen was thoroughly searched for glass, without 
success. An ascending transverse colostomy was then censtructed, 
and the remaining transverse and descending colon was resected. ` 
Multiple punctate, firm, white areas were noted on the serosa of 
the resected bowel. Microscopic examination of the resected speci- 
men showed punctate mucosal ulcers, as well as intramural and 
serosal areas of acute inflammation. No glass fragments were 
found microscopically in the resected specimen. 
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Superalimentation was begun, and the patient’s postoperative 
course was smooth until March 2, 1974, when he became irritable 
and began bearing down. A small green glass fragment was 
passed via the colostomy, and bleeding ensued. For the next three 
days, he passed more glass fragments. Four days later, a 2-cm lac- 
eration was noted in the colostomy. The patient was brought to 
surgery and the entire colon, including 3 cm of the terminal part 
of the ileum, was resected. Partial intestinal obstruction that de- 
veloped postoperatively was spontaneously resolved on conserva- 
tive measures. He was discharged on March 25, 1974. 

Three days after discharge, the patient was readmitted with 
signs and symptoms of intestinal obstruction. Barium study 
through the ileostomy demonstrated and reduced an ileoileal in- 
tussusception 10 cm from the ileostomy opening. On March 31, 
1974, two glass fragments were noted in the mucous fistula, and 
irrigation resulted in passage of several glass fragments via the 
rectum. The next day the patient again developed symptoms of in- 
testinal obstruction, and a second barium enema through the 
ileostomy again demonstrated and reduced an ileoileal intussus- 
ception. He did well after reduction and was discharged four days 
later. 

On April 18, 1974, the patient was returned to the hospital, hav- 
ing passed glass fragments via the mucous fistula with bleeding 
due to laceration of the mucosa. Bleeding was controlled by elec- 
trocautery, and the patient was discharged after 24 hours of ob- 
servation. 

The patient was readmitted on May 17, 1974, for persistent 
vomiting. The results of barium studies of the small bowel and 
stomach were within normal limits. A few days after admission, 
he became septic and underwent further exploratory surgery. 
Multiple small bowel adhesions were noted, and an old perforation 
of the terminal segment of the ileum 5 cm from the ileostomy 
opening was noted, draining intestinal contents into a chronic 
subhepatic abscess cavity. A segment of ileum was resected. A 
new ileostomy was fashioned, multiple adhesions were lysed, and 
the abscess cavity was drained. A long intestinal tube was in- 
serted throughout the entire length of the small bowel, up to 7.62 
em of the ileostomy opening. 

The patient is now doing well. The abdominal wounds have 
healed and he is now tolerating oral feedings with a normally 
functioning ileostomy. Cultures of the abscess cavity showed 
Gram-negative organisms that were sensitive to cephalothin so- 
dium (Keflin) and other broad spectrum antibiotics. 


COMMENT 


Ingestion of foreign bodies most frequently occurs in 
the 1 to 3 year age group,*®!5!° but it is also seen in psy- 
chotie patient populations+™ and in penal institutions," 
where it is used as a means of avoiding undesirable duties. 
In children, parental negligence is believed to be a pre- 
disposing factor. In accidental ingestion in adults, den- 
tures are believed to be a predisposing factor due to their 
masking palatal sensation.?'-*° 

Hemorrhage appears to be the most infrequent compli- 
cation of foreign body ingestion. One case” is reported of 
a copper turning that eroded through the stomach into a 


. vessel, giving rise to hemorrhage. The other account" of a 


hemorrhage of the upper part of the gastrointestinal tract 
reported a gastric laceration from an accidentally in- 
gested false tooth. There is a report of bleeding in the 
lower part of the gastrointestinal tract associated with 
the passage of a Red Cross pin via the rectum,” and an- 
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other report describing anal perforation by a rabbit scap- 
ula.* (Most blood loss is usually associated with the pas- 
sage of a foreign body that occurs in the anorectal area.) 

In experimental studies made by Exner’ and later con- 
firmed by Carp,‘ pricking of the mucosa of the stomach or 
small bowel only produced a pale area with a central con- 
cavity lasting for one minute, without any wound develop- 
ment. It was theorized that this action protected the 
bowel wall as a foreign body was being swept by in the fe- 
cal stream. Similar studies using glass fragments in the 
colon yielded inconsistent results. The glass was found in 
concavities in the stomach and small bowel, but in the co- 
lon, it was found in the natural folds. 

The experimental findings of inconsistent lamina- 
muscularis mucosae reaction in the colon do not seem suf- 
ficient to account for the behavior of the glass fragments 
in this case. As Simmons and vonGlahn” found in dogs 
(using ground glass of different mesh sizes), the glass 
passed without difficulty in all the animals studied. 

In search of an explanation for the unusual course this 
case took, a careful histologic review of all material was 
executed. However, no abnormalities were revealed in the 
colon and the terminal part of the ileum. Repeated and 
thorough questioning of the mother and grandmother of 
the patient failed to produce any indication of functional 
disorders. 

Partial answer may rest in the properties of the glass 
involved. According to an oral communication in June 
1974 from Mr Ronald DePuy, a spokesman for the Corn- 
ing Glass Company, the standard (8.26 cm) glass Christ- 
mas tree ornament weighs between 19 and 21 gm, with an 
average weight of 20 gm. The colors are enameled on the 
surface of the ornament after wetting it with a silver ni- 
trate solution. The glass used is a lime glass, the type used 
in milk bottles, and does not contain any toxic substances. 
The thickness varies, but in most of the bulb it is between 
0.013 and 0.015 em. At and near the neck of the bulb, the 
thickness ranges from 0.031 to 0.038 cm. 

The thinness of the glass may account for the behavior 
reported. Such thin glass would give rise to razor-sharp, 
small fragments that would be radiolucent and difficult to 
visualize on endoscopy. In addition, the sharpness and 
small mass of the fragments would predispose their slow 
expulsion. With small momentum, they would have a 
lesser tendency to be swept through and out the alimen- 
tary tract, and a greater tendency to lodge between the 
villi and folds of the colon than would the fragments de- 
scribed by Simmons and vonGlahn.*® Coupled with the 
sharpness of the fragments, this could also account for 
their tendency to lacerate and lead to hemorrhage, rather 
than to perforate the colonic wall (as usually occurs with 
pins, nails, and other sharp objects). The glass would 
break instead of being pushed through the bowel wall by 


the force of the passing fecal stream. Thus lodged in the. 


mucosa, it would most probably remain there until loos- 
ened by unusually forceful contractions, or more formed 


fecal material. It should be noted that each episode of» 


glass passage was preceded or produced by periods of 
straining and bearing down. 
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Two factors would tend to orient the fragments with 
their thinnest area in the direction of movement when in- 
corporated into a more solid fecal particle. The greatest 
tensile strength would be perpendicular to the greatest 
surface area, and its least resistance would also be the 
same. This would account for the clinical findings of linear 
lacerations parallel to the directions of fecal flow. 





Glass Christmas ornaments present unusual manage- 
ment problems because of their peculiar properties. Their 
tendency to be retained longer and to lacerate the bowel 
makes them a serious hazard. Glass Christmas tree orna- 
ments should be considered potential safety hazards in the 
presence of small children. 
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_ When Infection Complicat 





zowel Surgery 


Bowel surgery -may be complicated by 
mixed aerobic and anaerobic infection. 


Postsurgical intra-abdominal infections are often mixed in nature? Moreover, 
contamination by bowel contents generally precedes anaerobic abdominal 
infections? Under such circumstances Vibramycin” 1.V. (doxycycline hyclate 

for injection), an antibiotic indicated for susceptible strains of both aerobic and 
anaerobic pathogens, may prove to be of particular value. Because not all strains 
of pathogens are susce tible, it is recommended that routine culture 

and susceptibility tests be performed. 


Vibramycin’ LV. Hyclate 


(doxycycline hyclate for injection) 

is often effective against susceptible strains of some of the aerobic 
and anaerobic pathogens that may be encountered in postsurgical 
infections associated with bowel surgery, such as: 


Bacteroides species Enterobacter 
Escherichia coli Streptococcus species* 


*Up to 44% of strains of Streptococcus pyogenes and 74% of Streptococcus 
faecalis have been found to be resistant to tetracycline drugs. Therefore, 
tetracyclines should not be used for streptococcal disease unless the organism 
has been demonstrated to be sensitive. For upper respiratory infections due 
to Group A beta-hemolytic streptococci, penicillin is the usual drug of choice, 
including prophylaxis of rheumatic fever. 


Because not all strains of pathogens are susceptible, it is recommended that 
routine culture and susceptibility tests be performed. 


Side effects are those usually found with the tetracyclines and include 
tooth staining in children under eight years of age. 


-a- dosage maintain r ic levels. 
A single daily infusion of Vibramycin I.V. can maintain therapeutic blood 
levels. The result is an important advantage for both patients and staff: the 
need to awaken the patient during the night is eliminated and there are fewer 
doses for staff to administer. The usual dose of Vibramycin is 200 mg. on the 
first day of treatment administered in one or two infusions. Subsequent daily 
dosage is 100 mg. to 200 mg. depending upon the severity of infection, with 
200 mg. administered in one or two infusions. 
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Vibramycin iV. 


A semi-synthetic tetracycline hycla 


(doxycycline hyclate 


s 5 m Vials containing doxycycline hyclate equivalent to 
for ir ection 100 mg. doxycycline with 480 mg. ascorbic acid, and 
200 mg. doxycycline with 960 mg. ascorbic acid 
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Vibramyc 
(doxycycline hycl 


Because not all strains of pathogens are 
susceptible, it is recommended that routine culture 
and susceptibility tests be performed. 





m No dosage alteration needed in patients with 
laboratory indications of renal insufficiency. 


@ Convenient once-a-day administration (200 mg. 
the first day, followed by 100 mg. to 200 mg. per 
day thereafter, with the 200-mg. dose administered 
in one or two infusions). 


@ Virtually no loss in serum levels when switching 
from L.V. to oral therapy. 


Vibramycin® Hyclate (doxycycline hyclate) and 
Vibramycin® Hyclate I.V. (doxycycline hyclate for injection) 
BRIEF SUMMARY 


Contraindicated: In persons hypersensitive to any of the tetracyclines. 


Warnings: Use of tetracyclines during the last half of pregnancy, infancy 
and childhood to the age of 8 years may cause permanent discoloration of 
developing teeth. This is more common during long-term use of the tetra- 
aines but has been observed following repeated short-term courses. 

namel hypoplasia has also been reported. Thus, tetracyclines should not 
be used in this age group unless other drugs are not likely to be effective or 
are contraindicated. Individuals receiving tetracycline antibiotics should be 
advised that direct sunlight or ultraviolet light can cause photosensitivity 
reactions. If these reactions (exaggerated sunburn) occur, discontinue ther- 
apy. Doxycycline forms a stable calcium complex in any bone-forming 
tissue. Fibula growth has been decreased in prematures given oral tetra- 
cyclines 25 mg./kg. q. 6 h., but this reaction was reversible when the drug 
was discontinued. 

The antianabolic action of the tetracyclines may cause an increase in BUN. 
Studies to date indicate that this does not occur to a significant degree with 
the use of Vibramycin in patients with impaired renal function. 

Vibramycin Intravenous has not been studied in pregnant patients. It 
should not be used in pregnant women unless, in the judgment of the phy- 
sician, it is essential for the welfare of the patient. 

Animal studies indicate that tetracyclines cross the placenta, are found in 
fetal tissues and can have toxic effects on the developing fetus. Evidence of 
embryotoxicity has also been noted in animals treated early in pregnancy. 

The use of Vibramycin Intravenous in children under 8 years is not recom- 
mended because safe conditions for its use have not been established. 

Tetracyclines are present in the milk of lactating women who are taking 
a drug in this class. 


Precautions: Overgrowth of nonsusceptible organisms may occur, including 
fungi. If such superinfections are encountered, discontinue Vibramycin and 
institute appropriate therapy. 

In venereal disease when coexistent syphilis is suspected, a dark-field 
examination should be done before initiating therapy. Conduct monthly 
serological tests for at least 4 months. 

Because tetracyclines depress plasma prothrombin activity, patients on 
anticoagulant therapy may require downward adjustment of their antico- 
agulant dosage. 

In long-term therapy, conduct periodic laboratory evaluation of organ sys- 
tems, including hematopoietic, renal and hepatic. 
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Vials containing doxycycline hyclate equivalent to 


Treat all Group A beta-hemolytic streptococcal infections for at least 10 days. ; 


Avoid giving doxycycline with penicillin because of possible interference 
with penicillin activity. 

Antacids containing aluminum, calcium, or magnesium impair absorp- 
tion and should not be given concomitantly to patients taking oral 
Vibramycin. 

Adverse Reactions: Anorexia, nausea, vomiting, diarrhea, glossitis, dys- 
phagia, enterocolitis, inflammatory lesions (with monilial overgrowth) in 
the anogenital region, maculopapular and erythematous rashes, exfoli- 
ative dermatitis, photosensitivity, urticaria, angioneurotic edema, anaphy- 
laxis, anaphylactoid purpura, pericarditis, exacerbation of systemic lupus 
erythematosus, hemolytic anemia, thrombocytopenia, neutropenia and 
eosinophilia have been reported. 

Prolonged administration of tetracyclines may produce brown-black 


microscopic discoloration of thyroid glands. No abnormalities of thyroid func- 


tion studies are known to occur. Bulging fontanels have been reported in 
young infants on therapeutic dosage but disappeared when the drug was 
discontinued. A dose-related rise in BUN has been reported. 


Oral Adult and Children’s Dosages: See the Vibramycin Oral package 
insert for recommended dosage schedules for adults and children. 


Intravenous Dosage and Administration: Note: Rapid administration is to 
be avoided. Parenteral therapy is indicated only when oral thera y is notin- 
dicated. Oral therapy should be instituted as soon as possible. If intravenous 


therapy is given over prolonged periods of time, thrombophlebitis may result. 


The usual dosage and frequency of administration of Vibramycin I.V. 
(100-200 mg./day) differs from that of the other tetracyclines (1-2 Gm./day). 
Exceeding the recommended dosage may result in an increased incidence 
of side effects. 

Studies to date have indicated that Vibramycin, at the usual recommended 
doses, does not lead to excessive accumulation of the antibiotic in patients 
with renal impairment. 


Intravenous Adult Dosage: The usual dosage of Vibramycin I.V. is 200 mg. 
on the first day of treatment administered in one or two infusions. Sub- 
sequent daily dosage is 100 to 200 mg. depending on the severity of infec- 
tion, with 200 mg. administered in one or two infusions. 

In the treatment of primary and secondary syphilis, the recommended 
dosage is 300 mg. daily for at least 10 days. 


Intravenous Children’s Dosage: The recommended dosage schedule for 
children weighing 100 pounds or less is 2 mg./Ib. of body weight on the 

first day of treatment, administered in one or two infusions. Subsequent 
daily dosage is 1 to 2 mg./lb. of body weight given as one or two infusions, 
depending on the severity of the infection. For children over 100 pounds the 


usual adult dose should be used. (See “Warning” Section for Usage in Children.) 


General: The duration of infusion may vary with the dose (100 to 200 ma. 
per day), but is usually one to four hours. A recommended minimum infu- 
sion time for 100 mg. of a 0.5 mg./ml. solution is one hour. Desired con- 
centrations of the final solution should be 0.2 mg./ml. to 0.5 mg./ml. 
Concentrations below 0.1 mg./ml. or above 1.0 mg./ml. are not recom- 
mended. Therapy should be continued for at least 24-48 hours after symp- 
toms and fever have subsided. The therapeutic antibacterial serum activity 
will usually persist for 24 hours following recommended dosage. 

Intravenous solutions should not be injected intramuscularly nor sub- 
cutaneously. Caution should be taken to avoid the inadvertent introduction 
of the intravenous solution into the adjacent soft tissue. 


More detailed professional information available on request. 
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Injury to the Ureter 





During Laparoscopic Tubal Sterilization 


Thomas T. Irvin, PhD, ChM, FRCSE; John C. Goligher, ChM, FRCS; James S. Scott, MD, FRCOG 


è As the use of laparoscopy and laparoscopic tubal ster- 
ilization has increased, a number of serious complications have 
been reported. A case is described in which the ureter was dam- 
aged ‘during laparoscopic sterilization. - | 

The majority of serious complications associated with lap- 
aroscopic sterilization have been burn injuries resulting from the 
use of cautery instruments. Thermal injuries are likely to occur 
when the operator is inexperienced, and when cautery instru- 
ments of the high-energy type are used. 

Meticulous technique is required in the performance of lap- 
aroscopic sterilization and low-energy “cold cautery” units 
should be used in this procedure. 

(Arch Surg 110:1501-1503, 1975) 


aparoscopy has become an accepted investiga- 
tive procedure particularly in gynecologic practice.’ 
It has also enabled tubal sterilization to be performed.*- 
Some prefer this to other methods of sterilization requir- 
ing formal laparotomy, claiming its greater safety.? Nev- 
ertheless, complications including serious hemorrhage, 
perforation of the gut, and accidental burns have occa- 
sionally resulted from laparoscopy** and it appears that 
the potential hazards of laparoscopic maneuvers may have 
been understated. 
This report concerns a patient treated for a ureteric in- 
jury sustained during laparoscopic tubal sterilization. 


REPORT OF A CASE 


A 30-year-old married woman underwent laparoscopic ster- 
ilization elsewhere in July 1969, but a hysterosalpingogram later 
showed persisting tubal patency. Sterilization by the laparoscopic 
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method was again attempted in September 1970, and on this occa- 
sion it was believed that the uterine tubes had been successfully 
coagulated and divided. The patient complained of abdominal pain 
after this second operation, however, and examination revealed 
progressive abdominal distention and tenderness. Laparotomy 
was performed three weeks after the second laparoscopy and a 


Method of ureteric reconstruction using isolated loop of ileum. 
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large quantity of straw-colored fluid was removed from the peri- 


toneal cavity. The peritoneum was inflamed but no other abnor- 
mality was detected and the abdomen was closed. Cultures of the 
peritoneal fluid showed a growth of Staphylococcus aureus. The 
postoperative course was complicated by the development of as- 
cites, and abdominal paracentesis was required at intervals of 
about ten days. On each occasion approximately 5 liters of fluid 
was removed from the abdomen. 

The patient came under our care in December 1970, approxi- 


, mately three months after laparotomy. The patient was afebrile, 


there was no peripheral edema, and her general condition was 
good. The abdomen was greatly distended, nontender, and dull to 
percussion. The abdominal distention seemed to be confined to the 
central part of the abdomen, not including the flanks. The blood 
urea nitrogen and electrolyte levels, white blood cell count, hemo- 
globin value, and results of liver function tests, including plasma 
protein values, were all within the normal range. 

Further investigation was being contemplated when the patient 
again complained of abdominal pain, and examination revealed 
signs of a spreading peritonitis. When the peritoneal fluid ob- 
tained by paracentesis was examined by microscopy, it contained 
Gram-negative bacilli. Laparotomy was performed and a large 
volume of straw-colored fluid was encountered on opening the 
peritoneal cavity. The fluid escaped from a large cystic cavity oc- 
cupying the central part of the abdomen. It was soon apparent 
that the fluid was urine emerging from a grossly dilated right ure- 
ter that had been transected just above the pelvic brim. The distal 
pelvic ureter could not be identified with certainty. 

It was decided to preserve the right kidney, so the ureter was 
reconstructed by interposition of an isoperistaltic loop of ileum be- 
tween the proximal part of the ureter and the posterior aspect of 
the fundus of the bladder, as shown in the Figure. 

The patient made an uneventful recovery, complicated only by a 
small pelvic abscess that was drained through the rectum on the 
eighth postoperative day. Postoperative investigations by the use 
of excretory urography have revealed satisfactory function of the 
right kidney, although a slight degree of hydronephrosis and hy- 
droureter persists. More than three years after the ureteric recon- 
struction, the patient is in excellent health and urine cultures are 
sterile. 


COMMENT 


As the use of laparoscopy and laparoscopic tubal ster- 
ilization has increased, a number of disturbing complica- 
tions have been reported. It has been estimated that 1% of 
patients submitted to laparoscopy develop complications 
requiring emergency laparotomy,’ and in some instances 
the complications of laparoscopic sterilization have proved 
fataL* 

In our patient, the ureter was traumatized during lap- 
aroscopic sterilization and the injury was not detected at 
laparotomy three weeks later. It is, perhaps, surprising 
that the laparotomy wound then healed without the devel- 
opment of a urinary fistula, and that the patient devel- 
oped ascites postoperatively. However, urinary ascites is a 
well-recognized sequel to intraperitoneal injuries of the 
urinary tract,’ and it appears that the presence of urine 
in the peritoneal cavity is tolerated remarkably well un- 
less the urine becomes infected.” 

The treatment of ureteric injury is complicated by delay 
in diagnosis since such cases are not usually suitable for 
reconstruction by direct end-to-end anastomosis.‘ In such 
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cases, either nephrectomy or some other form of recon- 
structive procedure must be considered. Injuries to the 
extrapelvic ureter may be treated by transureteroureter- 
ostomy, anastomosing the proximal end of the damaged 
ureter to the side of the intact ureter™-" or replacing the 
damaged ureter with an isoperistaltic segment of il- 
eum.'*-** The latter method, as used in our case, generally 
has good results*: although mucus secretion by the ileal 
ureter had been regarded as a potential cause of stone for- 
mation.””** It has been described that hyperchloremic aci- 
dosis, progressive azotemia, and persisting urinary infec- 
tion have also occurred after this operation, but these 
complications may only occur in cases in which there is 
preexisting renal insufficiency.'*:**** In our patient there is 
no metabolic disturbance and persisting urinary infection 
has not been a problem. 

Laparoscopic sterilization is achieved by electrocoagula- 
tion of the uterine tubes with or without division or exci- 
sion of these structures. Various techniques have been de- 
scribed, but the use of electrocoagulation is standard.?*-2” 
It is this aspect of the method that has been particularly 
associated with serious complications, including accidental 
and unrecognized burns to the abdominal viscera, par- 
ticularly the small intestine.®727-29 

A number of factors may be involved in the pathogen- 
esis of accidental burns that occur during laparoscopic 
sterilization. In some instances, visceral injury may result 
from inadvertent contact with the cautery device. This is 
most likely to occur when the operator is inexperienced.” 
In other cases, it appears that burn injuries are related to 
faults in the electrocoagulation equipment and its use. 
Faulty insulation of the cautery device may cause burns, 
and instruments of the high-energy, spark-gap type may 
cause tissue damage remote from the point of contact 
with the cautery device if the electrical current is not 
carefully calibrated.’ Solid-state, low-energy, or “cold 
cautery” units allow more precise control of electrocoagu- 
lation and these should be used in place of the spark-gap 
type of equipment.*!:* 

It appears that tubal sterilization can be conducted un- 
der laparoscopic control with less disturbance to the pa- 
tient than methods that require laparotomy.? We would 
stress, however, that laparoscopic sterilization is not a mi- 
nor procedure and that it does not differ from other ab- 
dominal operations in the fact that errors of technique 
may have disastrous consequences. 
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Obstruction of the Jejunum* 


“In experiments on forty-eight dogs with obstruction of the jejunum, to determine the most de- 
sirable method of administration of chlorids as a protective measure against the toxemia of intesti- 
nal obstruction, nine dogs were given no treatment of any kind. All died in from two to eight days 


after the primary operation. 


A lateral anastomosis to relieve the obstruction was done in eight animals after the onset of the 
toxemia, and all died in from one to nine days after the anastomosis was done. 

One animal was given 1 or 2 per cent. sodium chlorid subcutaneously daily from the onset of the 
obstruction. This animal lived thirty days, finally succumbing to exhaustion. There was no toxemia 


at any time. 


Six dogs were given distilled water subcutaneously, and all died in from two to five days. 

Two of five dogs given 10 per cent. sodium chlorid intravenously, and one of three given 25 per 
cent. intravenously were relieved of the toxemia and recovered after a lateral anastomosis. 

Five of seven dogs given 2 per cent. sodium chlorid subcutaneously recovered after the obstruc- 


tion was relieved. Two died from infection. 


Of ten dogs treated intravenously and subcutaneously with a salt mixture, eight recovered. 
The data presented here emphasize again the value of chlorids in the treatment of the toxemia of 


intestinal obstruction.” 


*Haden RL, Orr TG: Arch Surg 11:859-882, 1925. 





Arch Surg-Vol 110, Dec 1975 


Injury to the Ureter—irvin et al 1503 


ot 
- 





WY 


in nonobstructive urinary retention 


INJECTION: 5 mg/ml, for subcutaneous use only 
TABLETS: 5 mg, 10 mg, and 25 mg 


URECHOLINE 
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90 minutes. 
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Warnings: The sterile solution is for subcutaneous use only. It should never be given 
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may occur in cases of hypersensitivity or overdosage. 

Precautions: Special care is required in patients receiving ganglion blocking com- 
pounds because a critical fall in blood pressure may occur; usually, severe abdominal 
symptoms appear before there is such a fall in blood pressure. In urinary retention, if the 


. sphincter fails to relax as the drug contracts the bladder, urine may be forced up the 


ureter into the kidney pelvis; if there is bacteriuria, this may cause reflux infection. 


Adverse Reactions: Abdominal discomfort, salivation, flushing of the skin (“hot 
feeling”), sweating. Large doses more commonly result in effects of parasympathetic 
Stimulation, such as malaise, headache, sensation of heat about the face, flushing, 

licky pain, diarrhea, nausea and belching, abdominal cramps, borborygmi, asthmatic 
attacks, and fall in blood pressure. 


Atropine is a specific antidote. A syringe containing a dose, for adults, of 0,6 mg 


(1/100 grain) of atropine sulfate should always be available to treat symptoms of toxicity. 


Use proportionately smaller amounts for children. Subcutaneous injection is preferred 

except in emergencies when the intravenous route may be employed. 

How Supplied: Tablets, containing 5 mg, 10 mg, or 25 mg bethanechol chloride each, in 
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HOW 
URECHOLINE 


(BETHANECHOL CHLORIDE | MSD) 


WORKS 


URECHOLINE acts princi- 
pally by producing the effects 
of stimulation of the para- 
sympathetic nervous system. 
It acts qualitatively the 

same as acetylcholine but 

is not destroyed by cholin- 
esterase, and its effects are 
more prolonged than those 

of acetylcholine. 


URECHOLINE increases the 
tone of the detrusor urinae 
muscle, usually producing 
a contraction sufficiently 
strong to initiate micturition. 
Therapeutic doses in normal 
subjects have little effect 

on heart rate, blood pres- 
sure, or peripheral circula- 
tion (however, see Brief 
Summary for adverse re- 
actions which may occur). 
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Catheterization in Anorectal Surgery 


Joseph A. Scoma, MD 


è Urinary retention and catheterization are among the compli- 
cations involved in anorectal surgery. One hundred patients who 
underwent hemorrhoidectomies were able to avoid both of these 
complications due to a combination of operative and postopera- 
tive procedures, including the following: (1) meticulous surgical 
technique; (2) restriction of fluids; (3) adequate doses of narcot- 
ics; and (4) preeducation of the patient and nursing staff, which 
resulted in spontaneous voiding in all of the patients by the 
morning after the operation, with or without a hot bath. 

(Arch Surg 110:1506, 1975) 


he complications of anorectal surgery include 
stenosis, sepsis, unhealed wounds, incontinence, hem- 
orrhage, fistulas, and fecal impaction. Although rarely 
mentioned, urinary retention and catheterization are per- 
haps the most common postoperative complications.’ A 
retrospective study of 100 consecutive hemorrhoidecto- 
mies performed by trained surgeons in two of our hospi- 
tals revealed that 52% of these patients underwent cathe- 
terization. The present study was undertaken in light of 
that percentage. 


SUBJECTS AND METHODS 


One hundred consecutive hemorrhoidectomies were performed 
by the author or performed by the house staff directly under his 
supervision. Other anorectal surgical procedures were excluded 
from the analysis. Included in this group were patients with dia- 
betes, prostatism, urinary tract infections, and cardiac disease. 
Patients were asked to empty their bladders prior to surgery. 
Antihistamines (such as atropine) were prohibited. Surgery was 
performed under local anesthesia, using bupivacaine with epi- 
nephrine and hyaluronidase. Diazepam (Valium) was given in- 
travenously under the supervision of an anesthesiologist, and in- 
travenous fluids were limited to 200 ml. Meticulous technique was 
used, utilizing established principles of good surgery, including 
the use of 2-0 chromic catgut sutures on gastrointestinal needles, 
the avoidance of high and deep ligations, the establishment of he- 
mostasis, and the closure of all wounds. No packing was used, and 
loose dressings were applied at the termination of the procedure. 
After surgery, the patients were allowed only sips of water until 
they voided. Water pitchers and coffee were prohibited. Narcotics 
and sedatives were given freely as needed. Early on the morning 


- following surgery, all dressings were removed, and the patients 


—_—_—_—_—_—_——————————————————— 
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were placed in a hot bath and encouraged to void. Those that were 
unable to do so were promptly placed in a hot shower. 

It is, therefore, the following techniques that aid in the pre- 
vention of urinary retention and catheterization: 


Local anesthesia 

Good surgical technique 

No packing 

Loose dressings 

Limited intraoperative fluids 
Limited postoperative fluids 
Avoidance of antihistamines 
Patient education 

Nursing education 


COMMENT 


There were no catheterizations in these 100 patients. 
Eighty-six percent voided prior to being placed in the 
bath, and only 3% required a shower to void. The results 
obtained in this program were due not only to the prin- 
ciples enumerated previously, but also to careful patient 
and nursing education. The basic purpose was explained 
to and agreed on by the patient prior to hospitalization. 
The most difficult part of the entire study was the reedu- 
cation of the nurses. Lectures were given to each shift in 
each of the hospitals where the study was undertaken. 
Nurses were instructed not to encourage or suggest void- 
ing until the following morning. As recognized by the 
nursing staff in general, bladder distention was found to 
be completely unreliable. It was carefully and repeatedly 
explained that the pain interpreted as bladder distention 
was really the pain of the anal wounds, and that catheter- 
ization would not relieve the discomfort. 

The catheterization rate of zero may be unrealistic, but 
as stated by Campbell,’ it most certainly should be no 
higher than 5%. Catheterization is not a benign procedure, 
and it is frequently the most vivid memory the patient has 
of his hospitalization. 


Nonproprietary Names and Trademarks of Drugs 


Bupivacaine—Marcaine. 
Hyaluronidase—Alidase, Diffusin, Enzodase, Hyazyme, Infiltrase, 
Wydase. 


References . S 


1. Salvati EP: Urinary retention in anorectal-colonic surgery. 9m J Surg 
94:114-118, 1957. > 

2. Campbell ED: Prevention of urinary retention after anorectal oper- 
ations. Dis Colon Rectum 15:69-70, 1972. 


Catheterization—Scoma 





Available as: 
250-mg. Pulvules® 
500-mg. Pulvules 


Oral Suspension: 125 mg. and 250 mg. 
per 5-ml. teaspoonful 


Pediatric Drops: 100 mg. per ml. 


Keflex 


cephalexin 





Additional information available 


to the profession on request. net 
Eli Lilly and Company 
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-For insomnia 
in the hospital... 
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to sleep... 


-Unfamiliar schedule and surroundings, lack of 
privacy, nighttime disturbances — these can all 


E contribute to hours of wakeful discomfort when 
4 the hospitalized patient should be asleep. This 
f problem can be particularly serious if the patient 


has a history of insomnia prior to admission. 
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Patients in one study 
named what kept them awake..? 


The “sleep disturbers” mentioned by patients on 
a heart surgery floor included cardiac monitor 
wires, noise in the corridors, a squeaky water 
faucet, the bedpan sterilizer, talking and the 
telephone ringing at the nurses’ station, and 
other patients receiving care.! Many of these 

' disturbances were unavoidable. 
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An effective sleep 
medication is one that 
can relieve insomnia in 
hospitalized patients... 


No sleep medication can counteract extreme 
“sleep disturbers.” But when indicated, 
Dalmane (flurazepam HC!) can often 
provide relief from insomnia. It reduces 
nighttime awakenings, prolongs sleep and 
induces sleep rapidly in hospitalized 
patients— with the convenience of a 

single h.s. dose? 
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Summary of Objective Results?” 
(average improvement over baseline) 





Dalmane 


Placebo Dalmane Placebo 
(flurazepam (flurazepam 
HCl) 30 mg HCI) 30 mg 


Dalmane (flurazepam HCI!) 
significantly improved 

sleep induction and 
maintenance in 

hospitalized orthopedic 
patients~° 

When evaluated against placebo in 26 
subjects each, Dalmane was superior in 
reducing sleep latency and nighttime 
awakenings and in prolonging sleep...over7 
consecutive nights following one baseline 
no-medication night. Patients’ subjective 


estimates agreed with objective 
observations? 
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‘Please see following page for 
a summary of product information. 


SO) 2. SSS SS 









eee ’ A 
NINA RORO AK 

P r AA Vv, 
OX iM XA YY pa 


Mss 


And is relatively safe, 
seldom causing 
morning “hang-over 


Dalmane is generally well 
tolerated. It may be used in 
patients on chronic warfarin 
therapy; no unacceptable 
fluctuation in prothrombin Y 
time has been reported?"® Yj 
Usual precautions should be Yy 
observed in patients with U 
impaired renal or hepatic function; 

in the elderly and debilitated, 

initial dosage should be limited to 

15 mg to help preclude oversedation, 
dizziness or ataxia. 
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Consider 
effectiveness 
in the hospital 


Dalmane 


One 30-mg capsule h.s.— usual adult dosage 
(15 mg may suffice in some patients). 

One 15-mg capsule h.s.— initial dosage for 
elderly or debilitated patients. 


o The convenience of a single h.s. dose 
o Fewer nighttime awakenings 

m © Clinical effectiveness proven in the 

y sleep research laboratory 

o Seldom causes morning “hang-over” 
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One 30-mg capsule h.s.— usual adult dosage 


(15 mg may suffice in some patients). 
One 15-mg capsule h.s.— initial dosage for 
elderly or debilitated patients. 


The convenience of a single /.s.dose 


m Fewer nighttime 
awakenings 

m Increases total 

sleep time 

m Induces and maintains 
sleep night after night 

m Relatively safe and 

well tolerated 

E Seldom causes morning 
“hang-over” 


Before prescribing Dalmane (flurazepam 
HCI), please consult complete product 
information, a summary of which follows: 


Indications: Effective in all types of insomnia 
characterized by difficulty in falling asleep, 
frequent nocturnal awakenings and/or early 
morning awakening; in patients with recurring 
insomnia or poor sleeping habits; and in 

acute or chronic medical situations requiring 
restful sleep. Since insomnia is often transient 
and intermittent, prolonged administration is 
generally not necessary or recommended. 


Contraindications: Known hypersensitivity 
to flurazepam HC]. 


` Warnings: Caution patients about possible 


combined effects with alcohol and other 

CNS depressants. Caution against hazardous 
occupations requiring complete mental alert- 
ness (e.g., operating machinery, driving). 
Use in women who are or may become preg- 
nant only when potential benefits have been 
weighed against possible hazards. Not 
recommended for use in persons under 15 
years of age. Though physical and psycho- 


logical dependence have not been reported 
on recommended doses, use caution in 
administering to addiction-prone individuals 
or those who might increase dosage. 


Precautions: In elderly and debilitated, initial 
dosage should be limited to 15 mg to preclude 
oversedation, dizziness and/or ataxia. If 
combined with other drugs having hypnotic 
or CNS-depressant effects, consider potential 
additive effects. Employ usual precautions 

in patients who are severely depressed, or 
with latent depression or suicidal tendencies. 
Periodic blood counts and liver and kidney 
function tests are advised during repeated 
therapy. Observe usual precautions in 
presence of impaired renal or hepatic function. 


Adverse Reactions: Dizziness, drowsiness, 
lightheadedness, staggering, ataxia and 
falling have occurred, particularly in elderly 
or debilitated patients. Severe sedation, 
lethargy, disorientation and coma, probably 
indicative of drug intolerance or overdosage, 
have been reported. Also reported were 
headache, heartburn, upset stomach, nausea, 
vomiting, diarrhea, constipation, GI pain, 
nervousness, talkativeness, apprehension, 
irritability, weakness, palpitations, chest 
pains, body and joint pains and GU com- 
plaints. There have also been rare occurrences 
of leukopenia, granulocytopenia, sweating, 
flushes, difficulty in focusing, blurred 
vision, burning eyes, faintness, hypotension, 
shortness of breath, pruritus, skin rash, dry 
mouth, bitter taste, excessive salivation, 
anorexia, euphoria, depression, slurred 
speech, confusion, restlessness, hallucina- 
tions, and elevated SGOT, SGPT, total and 
direct bilirubins and alkaline phosphatase. 


Paradoxical reactions, e.g., excitement, 
stimulation and hyperactivity, have also 

been reported in rare instances. 

Dosage: Individualize for maximum beneficial 
effect. Adults: 30 mg usual dosage; 15 mg 
may suffice in some patients. Elderly or 
debilitated patients: 15 mg initially until 
response is determined. 

Supplied: Capsules containing 15 mg or 

30 mg flurazepam HCI. 
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Special Commentary 


The Physician, the Manufacturer, 


and Medical Devices 


J. Dennis Bruner, PhD, Philip A. Drinker, PhD 


è Better communication between physicians and manufac- 
turers of medical devices is becoming increasingly important 
due to wider usage of these devices, as well as more intense 
scrutiny by consumer interest groups. Physicians should there- 
fore have more complete knowledge of techniques of new prod- 
uct development. 

A new product typically passes through at least six stages, as 
follows: (1) idea conception; (2) merit and feasibility study; (3) 
design and testing; (4) production preparation; (5) market prepa- 
ration; and (6) marketing. These steps are completed over a pe- 
riod of several years at an ever increasing cost. 

‘We propose that interaction procedures be undertaken so as 
to enhance direct physician-manufacturer communications in 
the medical device arena. Some possible techniques of improv- 
ing these communications include the direct training of physi- 
cians and manufacturers in each other’s problems, the estab- 
lishment of hospital engineering groups, the placement of 
medical consultants in industry, and the active participation in 
device standards-generating groups and other groups of mutual 
interest. 

(Arch Surg 110:1511-1515, 1975) 


he medical device market is unlike any other with 
which the manufacturing community must deal. In 

the instance of mass consumer markets (such as those 
served by the clothing and automotive industries), the 
consumer is told what will be available, and his tastes are 
then dictated by the market or by those serving it. On the 
other hand, medicine in the research and health care fields 
comprises a group of individualistic, frequently innovative 
workers who will not and cannot have their needs dictated 
to them. These people should not be totally limited in their 


~ . Search for new tools. Medicine is a rapidly evolving art, 
i Sith many levels of sophistication among the user popu- 
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lation, and this creates problems for the manufacturer, 
The practicing physician or laboratory worker who focuses 
on a specific area of interest tends to be totally unaware 
of these problems. This study reviews the manufacturing 
process of medical devices, particularly as it affects the 
user, and suggests paths by which interaction between the 
user and manufacturer may improve the manufacturing 
process to the benefit of both groups. 


The Manufacturing Process 
From Research and Development to the Marketplace 


At least six distinct industrial stages are involved in the 
development of a product from the time of its initial con- 
ception to its appearance on the market. These six stages 
can be summarized as follows: (1) the conception of an 
idea or the realization of a need; (2) a merit review or 
feasibility study; (3) the design, fabrication, and testing 
of the product; (4) its production preparation and testing; 
(5) production and marketing preparation; and (6) mar- 
keting of the product. These stages are shown in Fig 1. 

Naturally, engineering input is required in each of 
these stages. However, input from the user or purchasing 
community is also vital, although it is less critical in the 
production and market preparation stage. The work and 
information gained in any stage (or the steps within it) 
are reviewed for acceptability before the next stage can 
begin. The results of the review can lead to any one of 
three decisions, the first of them being to proceed to the 
next stage. However, there may exist a rectifiable prob- 
lem that occurred in a previous stage, and the work pro- 
cess must then revert to the point in the program where 
the difficulty can be corrected. Finally, if a nonrectifiable - 
problem is discovered, the entire project must be aban- 
doned. 

The decision to proceed with or discontinue the manu- 
facturing process can be based on any of several circum- 
stances that have bearing on the project, but the most 
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common items reviewed include technological factors, 
market acceptance, product profitability, overall company 
goals, and company resources. The last three items may be 
difficult for a person outside the industrial sphere to un- 
derstand, but they must be considered, since most com- 
panies exist to yield profits on investments and are oper- 
ated with some self-imposed constraints of interest and 
capabilities. Properly imposed constraints prevent firms 
from dispersing their resources so widely as to create 
inefficiencies and increase costs. 

Idea Conception.—Medical device products begin with 
the conception of an idea or the realization of a need, 
whether it be for better treatment of patients or for a spe- 
cific problem in medical research. These ideas may be con- 
ceived by physicians or paramedical personnel. They may 
also be conceived by astute observers from industry, such 
as engineers, other technically oriented workers, or people 
from sales and service who have close relationships with 
the user market. The idea or need requires a review of its 
utility or authenticity by those who would be directly in- 
fluenced by its use and production, ie, the physician, medi- 
cal research worker, or industria! firm manufacturing and 
selling it. 

Identification of problems that require basic research 
has been dealt with by Anderson,' wherein he illustrated 
the need for coordination between engineering and medi- 
cal personnel in the determination of important problems 
facing the medical community. His discussion pertains 
only to methods for determination of the problems and 
does not treat actual development procedures. However, 
his recognition of the necessity of collaborative eval- 
uation, including both engineering and medical contact in 
this phase of product development, is in full agreement 
with our discussion. ` 

Merit and Feasibility Reviews.—From an industrial stand- 
point, there are two primary considerations involved in 
determining the merit of a product: (1) the product must 
seem to be profitable from an overall view and (2) its pro- 
duction must coincide with the company guidelines and 
goals. The feasibility of a new product is assessed by the 
establishment of specifications and a technological review 
of them in order to determine if they are attainable. 

Design, Fabrication, and Testing.—The stage of design- 
ing, fabricating, and testing the product typically includes 
at least three design-test iterations before the final design 
of the product emerges. These iterations begin with the 
simplest and crudest design (a “breadboard”) in which 
basie concepts are tested. The concepts eventually pro- 
gress to a final design that represents the final product 
in every possible way. The actual number of iterations 
greatly depends on the type of end product desired and 
the way in which it will be utilized. Products that are in- 
tended for implantation or have possible deleterious side- 


_ effects tend to require a greater number of iterative steps 


before an acceptable product emerges. The final step (the 
“production prototype”) differs from the envisaged final 
product only in that it has been assembled by engineers 
who use expensive and slow single-item fabrication tech- 
niques. Each design is exhaustively tested in the labora- 
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STAGE NO. 


1 Idea or Need 


2 Merit Review - Feasibility Study 
yes no 


So 


yes no 


4 Production Preparation 
yes no 


5 Production - Market Preparation 
Product 
6 Product Sales 


Review 
Product 
Phase Out ———————>x 


x 


Design 
Modification 


x 


Fig 1.—Stages in development of a new medical device. 


tory for function, reliability, safety, and adherence to the 
specifications. If it passes internal tests, it may be clini- 
cally evaluated by qualified and interested physicians. The 
specifications, which may have originated with the clini- 
cian, are finally evaluated during this stage. 

Production Preparation and Evaluation.—Once it has been 
shown that the product is properly specified, designed, and 
profitably marketable, the preparation for production be- 
gins. Many points are considered in this stage, such as mi- 
nor design changes to reduce costs and increase the ease 
of manufacture, completion of all required documentation, 
localization of vendors for purchased parts, training of 
manufacturing personnel, and other associated tasks. The 
manufacturing process must then be tested by a pilot run, 
which is a short production run that for the most part uses 
normal manufacturing equipment, techniques, and per- 
sonnel. The few devices produced in the pilot run undergo 
extensive laboratory and clinical tests as a final determi- 
nation of the product and its design. 

Production and Market Preparation.—Successful comple- 
tion of the pilot run heralds the final stage of product de- 
velopment, which is the actual manufacturing of the prod- 
uct. This stage is the culmination of all the engineering 
activities, and it constitutes the last step before market 
entry. Production tooling is purchased, components are ` 
manufactured or bought, manufaeturing, service, andl 
sales personnel are trained, sales and service literature is, 
printed and distributed, quality assurance procedures are 
put into effect, and fabrication of the final product is at 
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Fig 2.—Time and cost of development of a volume-controlled ven- 
tilator. Stages (Fig 1) are indicated on curve. 


last begun. This is the only stage in the idea-to-market 
process that does not require substantial input from the 
user. 

Marketing.—W hen the production procedure has filled or 
promised to fill the warehouse shelves with the final prod- 
uct, the act of selling may begin. The value of the physi- 
cian in this stage is twofold. It is hoped that the physician 
will be the purchaser of the firm’s wares and also that he 
will remain the sounding board for the product’s accept- 
ance. Field information pertaining to the product’s safety, 
reliability, and efficacy must originate with the user. To be 
of any value, this information must be relayed to the man- 
ufacturer. The manufacturer also needs suggestions for 
product modification, updating, and improved usage. Al- 
though it is essential for a company to obtain information 
and comments from the user regarding a new product, a 
company must also sample and filter these inputs with 
care. It would be unwise to act on each comment and con- 
tinually modify a product; nonetheless, a company is neg- 
ligent if it does not actively seek a large body of data 
from the users. 

Time and Cost of Product Development.—The actual cost 
and time required to progress through the stages of devel- 
opment is variable, being determined by the complexity of 
the product and by the number of people available to do 
the work. The cost may range from several thousand to a 
million dollars or more before the first item is ever sold. 
One to five years may be required in order to complete the 
development process. An example of the time-cost devel- 
opment course for a volume-controlled ventilator can be 
seen in Fig 2. This device has a market price of approxi- 
mately $2,250. It is hoped that it will repay its develop- 
ment and manufacturing costs with a 15% profit over the 


_ course of its salable life (approximately five years). After 
a period of time, technological obsolescence or changes 


n market attitude will most likely cause it to be exten- 
sively modified or removed from the product line. 

This ventilator was designed to supply a product that 
incorporated most of the desirable features and all of the 
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mandatory features of intensive care ventilators, and to 
do so at a sales price that was in between the presently 
available intensive care ventilators and positive pressure 
devices of lesser capability. The merit and feasibility stud- 
ies indicated that existing technology was adequate and 
that a product with these functional and price character- 
istics would sell and produce a profit. 

The design-fabrication process included making a 
breadboard to prove design concepts. This was followed by 
fabrication of five design prototypes that were used for 
laboratory and initial clinical evaluation. Results of these 
evaluations were included when three production proto- 
types were built and tested as a final evaluation of func- 
tional, economic, esthetic, and design characteristics. 

When all inputs had been gathered from the previous 
steps, the final decisions on product specifications were 
made, and the process of preparing for actual production 
begun. Detailed component designs were solidified, pro- 
duction fabrication and assembly techniques were de- 
fined, tooling designs and requirements were outlined, 
detailed parts lists were generated, and parts to be pur- 
chased were placed on order. After all components were 
obtained, production personnel were gathered and in- 
structed how to assemble and test the completed units. 
Twenty pilot run units were produced at this time and 
were evaluated for functional, reliability, and safety char- 
acteristics. They were then used to train field sales and 
service personnel and to prepare the market for the actual 
production units, which followed by several months. 

Two conclusions can be drawn from this illustration. 
First, a large portion of the total cost of device develop- 
ment is incurred during the final stages of design and pro- 
duction start-up. It is occasionally necessary to terminate 
work on interesting developments if a profit cannot be 
projected before the expenditures associated with these 
final stages are committed. Figure 2 also demonstrates 
the importance of proper initial specifications and eval- 
uation-testing programs to minimize the possibility of fi- 
nancial failure that would result from developing an un- 
profitable product. Second, the time duration from concept 
to product sales lasts several years and leaves the very 
real possibility of technological obsolescence of design fea- 
tures or changes in medical practice. However, through 
good design, proper initial specifications, and constant re- 
view of the product and market status it is possible to 
manufacture a product that is neither out of date nor out 
of step when finally sold. 

The value of adequate medical-engineering cooperation 
cannot be overstated. It should be evident from the fore- 
going that the communication of ideas, needs, and desires 
are of vital importance in order to assist industry in sup- 
plying the needs of medical care and research. 


Industrial-Medical Interaction: 
Bioengineering Research 


There are several approaches by which the effective in- 
terplay between physicians and engineers could be devel- 
oped and enhanced. 

1. Engineering personnel could be trained regarding 
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the problems and techniques of medicine. This training 
could be a formal part of their schooling or an informal 
process in specially designed training programs in hospi- 
tals. 

2. Hospital engineering groups could also be estab- 
lished. These groups could assist in design, purchase, and 
maintenance of medical equipment, as well as acting as 
consultants for problems involving the physical sciences. 

3. Industry might also utilize physicians as consultants 
for the phases of the product development process. These 
physicians might sit on a merit review board of the com- 
pany. They could carry out testing and evaluation pro- 
grams in their laboratories, suggest new product ideas, 
present seminars on current medical problems, deliver ex- 
pert testimony in legal matters,” or act in any number of 
similar capacities. In return, they may receive payment 
for services rendered or find support for their research in- 
terests, which would speed the development of needed 
products. The physicians could then achieve personal satis- 
faction from rendering a valuable service. 

4. Finally, mutual interest professional groups dedi- 
cated to bettering medical care could be developed. Today 
there exist several professional organizations that deal 
specifically with engineering-medical problems. Among 
the most active organizations in this area are the Associa- 


s tion for the Advancement of Medical Instrumentation, 
= the Alliance for Engineering in Medicine and Biology, and 
= the Institute of Electrical and Electronics Engineers, 


Group on Engineering in Medicine and Biology. These 
groups provide forums for presenting research work and 
airing problems through published journals and technical 
meeting sessions. One of their most important functions 
is the establishment of working subcommittees for gener- 
ating standards applicable to medical devices. This is be- 
coming one of the most important methods of industrial- 
physician communication, and it is therefore worthy of 
further comment. 


Medical Devices and Their Standards 


The definition of the term “medical device” is controver- 
sial, and much depends on its resolution.** The Food, 
Drug, and Cosmetics Act of 1938° defined both drugs and 
devices as “articles intended for use in diagnosis, cure, 
mitigation, treatment or prevention of disease in man or 
animals.” However, the text of the legislation differ- 
entiated between them by stating whether the item in 
question was a contrivance or a medicine-pharmaceutical, 
and whether it was metabolized by the body. Devices were 
defined as contrivances if they were not metabolized. 

In 1968, the Supreme Court (under the pressure of two 
lower court cases) decided that the term “drug,” as it was 
used in FDA legislative actions, was a “term of art” and 
included both contrivances and pharmaceuticals. This ac- 


. tion effectively placed all devices under the jurisdiction of 


the FDA through the laws already passed. 

Since there are essential differences in the ways in 
which devices and drugs are developed, manufactured, 
sold, and used in medicine, there is currently considerable 
effort toward legislation specific to devices.** This legisla- 
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tion is nearly assured during 1975, and it will have far- 
reaching implications for those who produce and use 
devices for medical purposes. Information on these legisla- 
tive actions is abundant*'-° and will not be discussed here, 
with the exception of one point. Whatever the final act is, 
it will undoubtedly contain requirements for the estab- 
lishment of standards and for the testing and evaluation 
of certain new devices before they can be marketed. Com- 
pliance with these laws will require that the manufac- 
turers and users of medical devices engage in close cooper- 
ative efforts with the common goal of developing and 
using devices that are safe, reliable, and efficacious. 

Since setting of standards and their enforcement will 
be of central importance to the future of medical devices, 
it is imperative that the standards be properly generated. 
It is generally assumed that most standards will be writ- 
ten by professional interest groups, but meaningful stan- 
dards from these groups will result only if the interests, 
limitations, and expertise of both the industrial and medi- 
cal care sectors are represented fairly and completely. 
Each group has its own problems, and standards gener- 
ated without consideration of both sides would be mean- 
ingless. We are convinced that it is possible through coop- 
erative efforts of physicians and industry to attain 
standards that will lead to medically and economically vi- 
able devices. This goal will not be easy to accomplish but it 
will be worth the effort. 

The terms “standards” and “specifications” are decep- 
tively similar in some respects; in other ways, they are 
quite different. In many instances, documents entitled 
“standards” that were generated by one of the interested 
groups have completely ignored the problems and inter- 
ests of the other party. This has resulted in standards that 
were rejected in toto, even though portions of them were 
quite good. As an example, a group of respiratory care 
physicians have worked in the past years on a set of stan- 
dards for “breathing machines for medical use.’’®'' This 
work was commissioned by the International Standards 
Organization (ISO) and American National Standards In- 


stitute (ANSI) in an effort to establish published stan- 


dards for these important medical devices. The results of 
their early labors appeared to the engineering and manu- 
facturing sectors of the medical care community as a set 
of idealized specifications for a positive pressure ventila- 
tor, rather than as a workable standard. Specifications for 
tidal volume capabilities, minimum humidifier capabili- 
ties, drug nebulizer particle size distributions, and other 
operating characteristics were included, which should 
have been at the designer’s discretion and should have 
been published as characteristics rather than as require- 
ments. For this reason, the initial efforts of the physician 
group were not well received by industry, even though 
portions of their work had considerable merit. 

One function of a standard is to agree on a set of min- . 
imal specifications that require devices from different 
manufacturers to have some essential features in com- 
mon. These features might include electrical safety re» 
quirements, attachment facilities or fittings for accessory 
items, methods of presenting data, or power source re- 
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quirements." Other specifications, such as number, type of 
control knobs, or information displays, size, style, and sim- 
ilar features should not be included in standards. Oper- 
ating characteristics should occasionally be included in 
standards if these characteristics are genuinely necessary. 
Standardizing operating characteristics would ordinari- 
ly destroy competitive designs between manufacturers. 
These nonstandardized specifications belong in the manu- 
facturer’s operating manual, and all of these claims made 
should be subject to verification. The dividing line be- 
tween where standards leave off and operating specifica- 
tions begin is often fine and difficult to distinguish, but to 
make them identical defeats the purposes of both. 

Explicit in the impending pieces of regulatory legisla- 
tion governing medical device development and utiliza- 
tion is that devices be safe, reliable, and efficacious. It is 
and should be the responsibility of the manufacturer to 
design and produce devices that are safe and reliable. In 
addition, he should supply the user with literature regard- 
ing proper instruction, along with documentation of per- 
formance claims. The manufacturer is then entitled to as- 
sume that proper maintenance and utilization procedures 
will be followed by the purchaser. On the other hand, the 
efficacy of a particular device in a given situation depends 
both on its performance characteristics and the way in 
which it is utilized by the physician who treats a specific 
disease. Furthermore, methods and indications for utiliz- 
ing devices differ from clinician to clinician, and often re- 
sult in controversies concerning actual efficacy. This has 
long been the case in the use of intermittent positive pres- 
sure breathing devices for the treatment of chronic ob- 
structive lung disease. 


The Benefits of Cooperation Development 


It seems clear that there are benefits to both parties in- 
volved in cooperative medical device development. The 
clinician or researcher will be supplied with devices that 
are more suited to his needs, since he was instrumental in 
specifying them. The devices of interest will be available 
sooner because he helped direct the efforts rather than 
waiting for someone else to come up with the same idea. 
Financial assistance may also be available, either through 
evaluation and testing fees or through royalty payments 
for patented ideas. The quality of products will improve, 
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and the utility of available devices from different manu- 
facturers will increase due to standardization of accessory 
fittings and evaluation literature. 

The industrial side will also benefit by spending less 
time and money investigating poorly specified or poorly 
defined products. Proper market information could elimi- 
nate costly development, production, and marketing of de- 
vices that are not wanted or needed, except by a very lim- 
ited group. 


Properly generated and promulgated standards and 


regulatory legislation will save both users and suppliers 
from the worry and devastating effects of quack devices 
or instruments that are intrinsically unsafe, unreliable, or 
without demonstrable efficacy. Continued communication 
between engineers and physicians will allow each to be- 
come more cognizant and understanding of the other’s 
concerns, problems, interests, and capabilities. Medical de- 
vice development and usage is a two-way street with de- 
sirable goals awaiting both participants. These goals are 
achievable only through cooperation and coordination be- 
tween the physicians and industry. 
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The Split Rib Technique 


To the Editor.—In the article entitled 
“The Split Rib Technique” (Arch 
Surg 110:442, 1975) Dr Narodick 
wrote that “intercostal incision pro- 


_vides restricted exposure unless adja- 


ie X 


cent ribs are fractured inadvertently 
or divided in anticipation of frac- 
ture.” I take issue with this state- 
ment. 

Since 1964, I have used only the an- 
terolateral approach via the fourth in- 
tercostal space without rib fracture. I 


do this because the intercostal inci- 
sion is extended posteriorly between 
_ 4 and 6 cm from the costovertebral 
= border, and the skin incision is lim- 
ited to the edge of the latissimus 
dorsi. Ample lung exposure is pro- 
= vided for all procedures up to and in- 


cluding pneumonectomy. 


Wound closure is performed with 


running 2-0 chromic catgut sutures to 


the intercostal muscles and each fas- 


= Cial layer out to the subcutaneous fat, 


WS SB 


with a running interlocking vertical 


a _ mattress suture to the skin. 


ge eth 
tages for women and avoids inter- 
ference with the heavy muscles of the 


back in men. 
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The technique has cosmetic advan- 


ALFRED Taricco, MD 
Poughkeepsie, NY 


An Unusual Esophageal 
Foreign Body: Dead or Alive? 


To the Editor.—Practically every ob- 
ject small enough to be ingested has 
been reported as having been ex- 
tracted from the esophagus. Recently, 
flexible fiberoptic scopes have been 
utilized with increasing frequency for 
these procedures. An extremely un- 
usual esophageal foreign body has 
been encountered. 

A 62-year-old woman was fishing 


_and drinking beer simultaneously. As 


she was finishing the beer, she shook 
the can, heard the rattle of the pull- 
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tab, and consumed the last swallow. 
She immediately experienced severe 
pain in her neck. She assumed that 
the pull-tab was lodged in her throat, 
and her husband rushed her to a phy- 
sician. Roentgenograms of her neck 
were normal. She was then referred 
to me. In spite of the normal roent- 
genographic findings, she underwent 
esophagoscopy because of the ex- 
treme pain. Amazingly enough, a 
dead yellow jacket was encountered 
and removed from the middle one 
third of the esophagus. The patient 
also happened to be hypersensitive to 
insect stings. She was treated with 
steroids and recovered uneventfully 
except for a small pleural effusion on 
the left that cleared in two weeks. 
Reports of the pull-tab “syndrome” 
have recently begun to appear in the 
literature, and Rogers (Medical 
Tribune, Nov 18, 1974) also discusses 
the matter. Based on the history of 
this patient, one would assume that 
she had ingested a pull-tab despite 
the fact that roentgenographic find- 
ings were normal. The yellow jacket 
must have crawled into the beer can; 
its wings then became wet and it was 
unable to fly out. The rattle that the 
patient heard was actually the insect 
and not the pull-tab, and the sudden 
pain was from the sting. The insect 
then died from suffocation or esoph- 
ageal chemical effects. 
HAL E. Houston, MD 
Murray, Ky 
1. Mandel G, Sod L, Greif L: Newly recognized 


foreign body in the esophagus. JAMA 231:569, 
1975. 


Ocular Pneumoplethysmography 


To the Editor.—We read with interest 
the preliminary study by Sand and 
colleagues (Arch Surg 110:813, 1975) 
concerning ocular plethysmodyna- 
mography using the Gee modality. 
From November 1978 to July 1975, 
we have performed ocular pneu- 
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moplethysmography more than 500 
times for evaluation of 300 patients 
utilizing the Gee modality. The in- 
strumentation was developed from 
several principles of ocular physiology 
to evaluate aspects of the brachio- 
cephalic arterial system. 

When combined with carotid artery 
compression, a valuable physiologic 
index is appreciated. We term this 
the “collateral hemispheric blood 
pressure,” which is that pressure in 
the eye on the side of carotid com- 
pression. This precisely reflects the 
collateral blood pressure in the circle 
of Willis, and that back pressure that 
may be measured above a clamped ca- 
rotid at operation. An accurate pre- 
diction may therefore be made con- 
cerning the adequacy of perfusion to 
the hemisphere in the individual with 
a temporarily or permanently oc- 
cluded or resected artery. From our 
work and that of others, 60 mm Hg 
appears to be the lowest tolerable 
pressure if serious neurologic deficit 
is to be avoided. 

We have evaluated a wide variety 
of pathalogic entities. Our experience 
in patients who underwent surgery 
numbers 41 and includes candidates 
for carotid endarterectomy, carotid li- 
gation and resection, carotid subcla- 
vian bypass, vertebral arteriolysis 
and temporal artery-middle cerebral 
artery shunt. 

Improvement in eye pressure was 
often dramatic after relief of carotid 
obstruction, as was shown by Dr 
Sand, but more importantly, early 
and late postoperative examination 
allowed serial follow-up of patient 


progress. 
DALE W. OLLER, MD 
WILLIAM GEE, MD 
Bethesda, Md 


~+ 
1, Leech PJ, Miller JD, Fitch W, et.al: Cere- 
bral blood flow, internal carotid artery pressure, e 
and EEG as a guide to the safety of carctid liga- 
tion. J Neurol Neurosurg Psychiatry 37:854-862, 
1974. 
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More on Fundoplication 


To the Editor.—We wish to thank Dr 
Ellis for his comments on our article, 
“Esophagogastric Fistula” (Arch 
Surg 110:826-828, 1975). 

The reason for adding the ancillary 
procedure of fundoplication or fundo- 
plasty to the esophagocardiomyotomy 
for achalasia stemmed from our expe- 
rience and belief than an adequate 
myotomy could not be done via tho- 
racotomy without some disruption of 
the hiatal support structures in order 
to deliver the cardia into the surgi- 
cal field. Among the early patients 
treated by us were two who had 
had esophagocardiomyotomies with- 
out ancillary procedures; in both, se- 
vere reflux esophagitis occurred. One 
other patient in our series had a con- 
comitant sliding hiatus hernia. We 
therefore began adding fundoplica- 
tion to myotomy to prevent reflux 
esophagitis, a complication of esoph- 
agocardiomyotomy not infrequently 


‚reported. 


Since it has been shown the fundo- 
plication raises esophageal pressure 
to normal range in most patients 
with hiatus hernia, and since esoph- 
agocardiomyotomy results in a return 
to normal of resting esophageal pres- 
sure in achalasia patients, we thought 
the aperistaltic esophagus would not 
be tasked with overcoming any sig- 
nificant obstruction by combining the 
procedures. 

Clinical results in 12 patients with 
achalasia treated by combination of 
these procedures have been excellent 
in nine. Two patients have been lost 
to follow-up, and one patient claims 
he has been made worse. This is a 
small experience compared to that of 
Dr Ellis, and we do appreciate his 
cautionary comments. 

CAPT J. T. MULLEN, MD, USN 
Portsmouth, Va 


More on Adrenalectomy for 
Metastatic Breast Cancer 


To the Editor.—I am responding to 
the article by Brown et al, entitled 
“Bilateral Adrenalectomy for Meta- 
static Breast Carcinoma” (Arch Surg 
110:77-81, 1975). Several of their find- 
ings were in agreement with our pub- 
lished results, as listed below: 

1. Sulfokinase activity in breast 
cancer tissue is not a good predictive 


- index for adrenalectomy.’ Since our 


preliminary report, mere than 56 pa- 
tients have been evaluated; results 
were not encouraging. 
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2. In evaluating 119 patients who 
had undergone adrenalectomy in our 
institution, we did not find any corre- 
lation of a tumor-free interval to sub- 
sequent response to adrenalectomy. 
Forty percent of the patients with tu- 
mor-free intervals of less than one 
year had responded to adrenalectomy, 
compared with 47% to 48% of patients 
with longer tumor-free intervals.’ 
However, other clinical criteria, such 
as age, menopausal status, and cyto- 
hormonal evaluation, are of minor im- 
portance in relationship to subsequent 
clinical response to adrenalectomy. 

8. It has been suggested by Dao 
and others that tumor load in the 
liver reduces the response rate to ad- 
renalectomy. We have similar find- 
ings." 

4. Patients who responded to adre- 
nalectomy had a favorable subsequent 
remission to chemotherapy.’ We are 
evaluating the results of a larger 
series of patients at the present time. 

We thought that the series of pa- 
tients evaluated in our institution 
and those at Virginia Commonwealth 
University were still rather small, es- 
pecially when they were subcatego- 
rized for evaluation. However, these 
results do alert us to be cautious in 
basing prediction of adrenalectomy 
response on generally accepted 
dogma. 

Although we are still continuing 
our double-blind evaluation of estro- 
gen receptor and clinical response to 
hormonal manipulation, results so far 
from our institution and others have 
been most encouraging.’ In addition, 
patients with osseous metastases who 
experienced relief of bone pain after 
administration of levodopa also expe- 
rience objective remission from adre- 
nalectomy, similar to patients who 
have a positive estrogen receptor 
test.’ 

BENJAMIN S. LEUNG, PHD 
Portland, Ore 

1. Moseley HS, Fletcher WS, Leung BS, et al: 
Predictive criteria for the selection of breast 
cancer patients for adrenalectomy. Am J Surg 
128:143-151, 1974. 

2. Leung BS, Fletcher WS, Lindell TD, et al: 
Predictability of response to endocrine ablation 
in advanced breast carcinoma. Arch Surg 
106:515-519, 1973. 

3. Leung BS, Moseley HS, Davenport GE, et 
al: Estrogen receptors in prediction of clinical re- 
sponses to endocrine ablation, in McGuire WL, 
Carbone PP, Vollmer EP (eds): Estrogen Recep- 
tors in Human Breast Cancer. New York, Raven 
Press, 1975, pp 107-129. 

4. McGuire WL, Carbone PP, Vollmer EP: Es- 
trogen Receptors in Human Breast Cancer. New 
York, Raven Press, 1975. 


5. Sasaki GH, Leung BS, Fletcher WS: Levo- 
dopa test and estrogen receptor assay in prog- 


nosticating responses of patients with advarieed , 
cancer of the breast to endocrine therapy, ab- 
stract 31, in Proceedings of the 28th Annual 
Meeting of the James Ewing Society, 1975, pp 
101-102. 


Feculent, Not Fecund 


To the Editor._In the September is- 
sue of the ARCHIVES (110:1133, 1975), 
the following statement caught my 
attention: “Nonspecific colitis proxi- — 
mal to an obstructing colonic carci- 
noma has appeared in the surgical lit- 
erature for over 20 years.” Maybe that 
is why some of the surgical literature 
“stinks.” 

HERBERT L. FRED, MD 

Houston 
The Editor is grateful for Dr Fred's grammatt- 
cal insight. The literature in the past has been 
recognized as suffering various maladies, but this 


is the first time that it has been diagnosed as hav- 
ing colitis. 


Needle Aspiration Biopsy 
for Thyroid Cancer 


To the Editor.-The panel, “Carci- 
noma of the Thyroid” (Arch Surg 
110:783-789, 1975), was interesting 
and stimulating. But I should like to 
add an important diagnostic tool not 
mentioned by the members of the 
panel. In decision-making for choice 
of strategy and treatment, I have 
found it very useful to take a fine- 
needle aspiration biopsy specimen 
from the thyroid. The biopsy is per- 
formed after the scintigraphy, which 
is used as guidance in localizing non- 
active thyroid tissue. 

With fine-needle biopsy we can 
identify differentiated thyroid carci- 
noma and thyroid adenoma. We also 
can get support for our clinical diag- 
nosis of nodular nontoxic colloid goi- 
ter and often can verify the diagnosis 
of chronic thyroiditis. 

Our surgical tactics according to 
the thyroid gland are as follows: thy- 
roid carcinoma (papillary, follicu- 
lar, medullary), total thyroidectomy; 
anaplastic carcinoma and sarcoma, 
cytology makes it possible to start 
radiotherapy immediately; thyroid 
adenoma (microfollicular, oxyphilic, 
embryonal, trabecular), hemithy- 
roidectomy; nodular nontoxic goiter, 
levothyroxine sodium (preventing 
further growth) and, in cases with 
mechanical symptoms, subtotal bilat- 
eral thyroidectomy followed by sub-- 
stitution with levothyroxine; chronic 
thyroiditis, levothyroxine (mostly re- 
ducing the goiter) and, in cases not 
showing a positive response to this 
treatment, subtotal thyroidectomy 
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levothyroxine 
treatment; and diffuse nontoxic goi- 
ter, treatment—if necessary—with 
levothyroxine. 

If it is difficult to differentiate be- 
tween a thyroid carcinoma and a thy- 
roid adenoma on the basis of material 
obtained for cytology by fine-needle 
biopsy, we treat the case as adenoma 


.(hemithyroidectomy). If the definite 


histological diagnosis shows carcino- 
ma we perform total thyroidectomy 
(hemithyroidectomy on the other 
side) in a second seance. 

I think it is important to mention 
that the combination of scintigraphy 
and cytology makes it possible to ob- 
tain an informative and guiding pre- 
operative diagnosis. 

PETER HEIMANN, MD, PHD 
Bergen, Norway 


Ophthalmodynamometry 


To the Editor.—The article by Sand et 
al (Areh Surg 110:813-818, 1975) con- 
veys the enthusiasm often associated 
with exaggeration and oversight. The 


= Oversight is the failure to recognize 


that the Gee ocular plethysmodyna- 


__ mography unit cannot determine the 


systolic pressure of the ophthalmic 
artery greater than 110 mm Hg (see 
their Fig 6), which is often present in 
the hypertensive patient. 

Our experience in 261 studies per- 
formed since February 1974 is that 


= this represents a serious limitation of 


the instrument. To offset this limita- 
tion, we have employed measurement 
of the pulse amplitude and pulse 
delay. 

In 16 cases of total occlusion of the 
internal carotid artery, eight patients 
had ophthalmic artery pressure (OAP) 
on the side of occlusion greater than 
110 mm Hg. When upright, asymme- 
try was demonstrated in an addi- 
tional two patients (success rate, 10 
of 16). Asymmetry of pulse amplitude 
was present in 12 of 16 patients. 
Pulse delay utilizing the noninte- 
grated signal was present in all 16 
patients. 

It would be an exaggeration to as- 
sume that 30 patients, only one of 
whom has a blood pressure greater 
than 155 mm Hg systolic, can estab- 
lish normal values for an aging hy- 


‘ ‘pertensive population. Borras et al! 


studied an elderly population by can- 
nulation of the brachial and supra- 
orbital arteries. The normal ranges 
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established by him correlate well with 
our values based on 28 patients (aged 
45 to 82) with normal carotid arterio- 
grams. 

Hypertension and cardiac arrhyth- 
mias are serious limitations to the use 
of OAP determinations by this meth- 
od. Pulse amplitude in a calibrated 
system is a diagnostic modality. Pulse 
delay of the nonintegrated pulse is 
the most sensitive indicator of carotid 
blood flow. Both modalities will com- 
plement the determination of OAP 
and enhance the application of the in- 
strument. 

ANDREW L. CARNEY, MD 
La Grange, Ill 


1. Borras A, et al: Ophthalmodynametric ar- 
tery pressure. Am J Ophthalmol 67:681-683, 1969. 


In Reply.—Dr Carney has manifested 
some of the same “exaggeration and 
oversight” of which he unfairly ac- 
cuses our investigative team. A care- 
ful review of our article will disclose 
the information that our “prelimi- 
nary evaluation of a new technique 
for [suction ophthalmodynamometry] 
ODM, identified as ocular plethys- 
modynamography (OPDG)” was di- 
rected “to an assessment of the in- 
strument package and the technique 
involved in its use.” 

Anyone who has had experience 
with classical ODM will immediately 
appreciate the advantages of OPDG. 
We do not suggest the ophthalmic ar- 
tery pressure (OAP) alone is an im- 
portant predictive measurement, but 
we do suggest that this method for 
OAP determination “deserve[s] no- 
tice and merit[s] corroboration.” 

On a positive note, our experience 
with the analysis of ocular pulse-wave 
morphology and pulse delay in several 
hundred patients indicates that this 
additional modality would be a valu- 
able adjunct to OPDG in the early 
detection of extracranial obstructive 
disease. We will be reporting these 
data in the near future. 

Bruce J. SAND, MD 
Beverly Hills, Calif 


In Reply.—Dr Carney is correct in his 
observation that the Gee unit cannot 
determine the systolic pressure of the 
ophthalmic artery greater than 110 
mm Hg. I disagree with his assump- 
tion that this represents a serious 
limitation of the instrument. In over 
700 studies performed since July 1971, 
fifty-nine patients with documented 








unilateral carotid occlusion have been 
encountered. In 57 of the 59 patients, 
the ophthalmic systolic pressure on 
the side of the occlusion was below 
110 mm Hg. In the two patients in 
whom the ophthalmic systolic pres- 
sures from both eyes exceeded 110 
mm Hg, the calibrated pulse ampli- 
tude from the eye distal to the oc- 
cluded artery was distinctly lower 
than that from the contralateral eye. 
Both of these patients had systemic 
systolic pressures in excess of 200 mm 
Hg. High speed recording, as sug- 
gested by Dr Carney, is not necessary 
for clinical application. 

The design and performance of this 
instrument rests on six years of ex- 
tensive animal and clinical testing. 
Of prime importance to me was the 
development of a useful clinical tool 
rather than an interesting research 
gadget. I am confident that the in- 
strument fulfills its intended role. 

WILLIAM GEE, MD 
Bethesda, Md 


Gravity as Cause of 
“Colon Cutoff” 


To the Editor.—Adams, in his article 
entitled “Adynamic Ileus of the Co- 
lon” (Arch Surg 109:503-507, 1974), 

found that the plain film of the abdo- 
men often showed an apparent cutoff 
in the distended colon at the splenic 
flexure. In a subsequent letter to the 

editor, Euphrat (Arch Surg 110:224- 

225, 1975) suggested that this was due 

to kinking of the colon. Actually, this 

apparent cutoff is easily explained by 

gravity. When the patient is in the 
supine position, the transverse colon 

is elevated and tends to fill with gas, 
while the descending colon, which is 
in a dependent position, may be col- 
lapsed or filled with fluid. In either 
case, there will be an apparent cut- 

off in the gas-distended colon at the 
splenic flexure. In such cases, the pa- 

tient may be turned into the prone 

position and air will outline the de- 

scending colon. An additional maneu- 

ver that we have found particularly 

useful is to obtain a recumbent left 

lateral view of the abdomen. In pa- 

tients with adynamic ileus, we often 

see a gas-filled rectum, which con- 

firms that the distention is due to. 
ileus and not to obstruction. 


IGOR LAUFER, MD 
Hamilton, Ontario 
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Physical Examination of the Surgical Patient: An 
Introduction to Clinical Surgery, ed 4, by J. Engle- 
bert Dunphy and Thomas W. Botsford, 414 pp, 
$16, WB Saunders Co, 1975. 


It is with a small sense of profes- 
sional (and national) disloyalty that 
I issue a note of caution to those 
contemplating expending the modest 
price asked for this volume. One can- 
not object to the perpetual purpose of 
the book, to serve “as a valuable 
bridge between basic sciences and 
clinical surgery,” but somewhere a 
certain thread of continuity, com- 
pleteness, and excellence has been 
drawn too finely. 

The task of teaching all of the busi- 
ness of physical examination is too 
great for this book, which is directed 
toward medical students. There are 
too many “ifs” and “mays” and not 
enough “whys.” There are too few 
marvelous old etchings by Diduch, as 
well as too few modern photographs 
to link visual timeliness to the many 
words. There are shadows of yester- 
day that may confuse some readers, 
with a paragraph devoted to “lateral 
aberrant thyroids” and a discussion 
of long-range shotgun wounds of the 
abdomen—“the many small diffusely 
scattered, penetrating wounds of the 
bowel cannot be dealt with surgi- 
cally.” These treatment concepts 
might better be deleted for a discus- 
sion of the effects of corticosteroids or 
immunosuppression on the diagnosis 
of the acute abdomen or the picturing 
of physical signs associated with ad- 


-juvant therapy for malignant disease. 


Too, there are other shortcomings 
serving to confuse or distract—typo- 
graphical errors, pictured failure to 
occlude the nose in mouth-to-mouth 
resuscitation, a sense of general- 
ization (“a familiarity with the tech- 
nique will be assumed”), and, finally, 
a short bibliography that, while in- 
cluding some important works, leaves 
too much to the student’s search. 

I found the book of good purpose, 
easy to read, friendly in style, and 
fairly well organized. Yet, in final re- 
flection, I leafed again through my 


‘Hamilton Bailey, realizing that the 


British seemed to have demonstrated 


- better the physical signs in clinical 


surgery. 
JOHN S. WELCH, MD 
Rochester, Minn 
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Anaesthesia for Neurological Surgery, by P. B. 
McComish and P. O. Bodley, 412 pp, $20.50, Year 
Book Medical Publishers Inc, 1974. 


Anesthesia for neurosurgery dif- 
fers from anesthesia for most other 
surgical procedures because the sur- 
geon’s and anesthetist’s efforts focus 
on the same target: the central ner- 
vous system. This coincidence makes 
it mandatory that the anesthetist 
carefully observe the effects of his 
drugs and techniques on the brain, 
also to comprehend the effects of the 
neurosurgical operation on cerebral 
cardiovascular and respiratory con- 
trol. 

McComish and Bodley present, in 
approximately 400 pages, a broad 
view of anesthetic techniques, includ- 
ing a most worthwhile theoretical 
background. The physiology of the in- 
tracranial milieu, its disturbance by 
disease processes, as well as altera- 
tions caused by anesthetic tech- 
niques and surgical intervention, are 
discussed both in general and in de- 
tail, for a wide selection of proce- 
dures. 

Unfortunately, this book suffers the 
fate of many texts in that new devel- 
opments occur before a book is pub- 
lished, moreso as time passes by. The 
current volume appeared in 1971, thus 
explaining some of its shortcomings. 
For example, one finds no discussion 
of newer volatile anesthetics and 
their use for neurosurgical oper- 
ations; the fact that ketamine in- 
creases intracranial pressure, and is 
therefore a dangerous drug under 
certain circumstances, is not ade- 
quately presented; and sodium nitro- 
prusside deserves mention as a useful 
alternative in deliberate hypotension. 

However, the plethora of informa- 
tion presented stamps Anaesthesia 
for Neurological Surgery as a useful 
text for the anesthetist in training as 
well as a reference for the specialist. 
The chapter on the history of neuro- 
surgical anesthesia and frequent his- 
torical notes in the text serve to ac- 
complish one of the authors’ goals: to 
help the anesthetist enjoy and appre- 
ciate neuroanesthesia. 

KLAus Korten, MD 
Boston 


Surgical Nursing, by Elizabeth J. Fish, 384 pp, 
$5.50, Williams & Wilkins Co, 1974. 


I am not certain what groups this 
book should be recommended to, if 
any. Surgical Nursing was written to 
provide nurses, as well as student 





nurses, with a concise account of the 
principles and practice of nursing 
care for the surgical patient. How- 
ever, in the author’s attempt to be 
concise, important aspects that should 
be included in comprehensive nursing 
care of the surgical patient were sac- 
rificed. Although the physical prepa- 
ration of the patient for surgery was 
discussed in detail, very little atten- ~ 
tion was given to the important as-- 
pects of the psychologic preparation. 

The attempt to be concise led to in- 
consistencies in the material pre- 
sented. Although the presentation of 
the pathophysiology and use of perti- 
nent illustrations to aid in the expla- 
nation of disease entities was well 
done, the scientific principles that 
provide a basis for the nursing ac- 
tions were omitted in many cases 
where they would have been relevant. 

It is also my opinion that some in- 
formation was inappropriate and un- 
realistic when one considers the pro- 
vision of health care in this country. 
One example of this is shown when 
the author recommended that house- 
wives be admitted to the hospital two — 
days prior to surgery to obtain much 
needed physical rest that they often 
cannot obtain while caring for young 
children. I also question the appropri- 
ateness and accuracy of some of the 
factual medical information, ie, list- 
ing delerium tremens as a general- 
complication of a fracture. 

Since this book was written in a 
country where socialized medicine ex- 
ists, I found much of the information 
concerned with discharge planning ir- 
relevant when applied to health care 
in this country. 

Finally, I found the vocabulliey and 
terminology differences between the 
two countries (Great Britain and the 
United States) a major source of con- 
fusion. This included the use of “trol- 
ley” and “sister” as well as numerous 
abbreviations that were never de- 
fined. Also many pharmacologic 
agents were mentioned as being com- 
monly administered in surgical situ- 
ations, when in fact these drugs are 
not available in this country and 
other agents are commonly used. 

It is obvious that in reviewing this 
book that I must operate within the 
frame of reference of a practicing 
nurse in the United States. There--. 
fore, I am unable to speak to its rele- 
vance as a nursing text in Great Brit- 
ain. 

SANDRA J. LAIME, RN, MS 
Boston 
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The Radiology of Emergency Medicine, by John 
H. Harris, Jr, and William H. Harris, 499 pp, 
$32.50, Williams & Wilkins Co, 1975. 


This is an unusual book that comes 
at a time when emergency medicine 
is acquiring an identity of its own. 
Nearly 500 pages in length, it is co- 
piously and well illustrated. Its nar- 
rative censists of cogent but not over- 
ly brief discussions of the radiologic 
diagnosis of trauma and acute illness. 
The illustrations are of high quality 
and the legends are informative. The 
book is erganized into 14 chapters: 
“Skull,” “Face,” “Spine,” “Shoulder,” 
“Elbow,” “Hand and Wrist,” “Chest,” 
“Abdomen,” “Kidneys and Ureters,” 
“Pelvis and Hips,” “Knee,” “Ankle,” 
“Foot and Heel,” and the “Diaph- 
yses.” Each chapter concludes with a 
list of well-chosen references. 

The major portion of the book deals 
with traumatic injury to the skeletal 
system. It illustrates not only the 
common but also the more subtle 
manifestations of injury and indi- 
cates the roentgenographic means of 
demonstrating them. All of the chap- 
ters deal not only with trauma but 
also delve into manifestations of 
infectious 
_ disease, circulatory and mechanical 
problems, tumors, and other conditions 
that may be seen in the acutely ill pa- 


- tient. Many situations are illustrated 


that, although easily recognized by a 
trained radiologist, could provide pit- 
falls to the inexperienced observer. 
For example, on page 240 there is an 
illustration of a chest roentgenogram 


demonstrating the differences in den- 


sities of the lung fields following 
right radical mastectomy. Normal 
epiphysial lines and common vari- 
ations in ossification, sometimes mis- 
taken for abnormalities, are well il- 
lustrated. The common artifacts are 
detailed and warned against appro- 
priately. The utility of special views 
and laminography is well represented, 
and throughout the book runs the 
logical thread of useful decision- 
making in choosing appropriate ex- 
aminations and the importance of 
clinical data in interpreting the infor- 
mation on a roentgenogram. Brief 
discussions of the mechanism of 
„injury, anatomy, pathology, and dif- 
` ferential diagnosis flesh out the 
descriptive text. Good attention is 
given to the appropriateness of con- 
trast studies of the gastrointestinal 
and genitourinary tracts, emergency 
angiography, and ultrasonography. 
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Perhaps in these areas, and in the new 
modality of computerized axial to- 
mography, the authors might have 
been a bit more expansive for the sake 
of completeness. 

I know of no other single source en- 
compassing such a wide range of use- 
ful information on the emergency pa- 
tient, so well organized and 
illustrated. The authors are to be 
commended, not only for the high 
quality of their illustrations but for 
guiding the reader with aids such as 

coned down or magnified views to il- 
lustrate subtle detail and for the 
anatomical illustrations that lend 
meaning to certain accompanying 
roentgenograms. 

The book is authored by two broth- 
ers, one an orthopedic surgeon and 
the other a radiologist. It reflects the 
experience and expertise of both. In 
their preface they state, 

The purpose of this book is to describe the 
role of Radiology in the appraisal of the 
acutely ill or injured patient, to emphasize 
and illustrate its value as well as its limita- 
tions, and to guide the physician in the 
roentgen diagnosis of the emergency pa- 
tient. It is hoped that this will provide a 
better understanding of the appropriate 
roentgen examination to be requested and 
the information that the study can be rea- 
sonably expected to provide. 
They have produced an excellent, 
practical, and useful book that may 
well become a classic in its field. 
NorMAN D. LEVINE, MD 
Los Angeles 


Treatment of Shock: Principles and Practice, 
edited by William Schumer and Lloyd M. Nyhus, 
208 pp, $12.50, Lea & Febiger, 1974. 


This monograph consists of contri- 
butions from 18 authors, each of 
whom is highly knowledgeable in the 
field of shock. Basic scientific aspects 
of experimental and clinical shock are 
blended appropriately with an effec- 
tive review of current management. 

One of the outstanding character- 
istics of this text is the fact that it is 
highly readable and each section is 
presented in sufficient detail for thor- 
ough coverage and yet is quite con- 
cise. The subjects of monitoring, 
appropriate volume replacement, 
acid-base abnormalities, and the con- 
troversy of vasoconstrictors vs vaso- 
dilators are each commendably pre- 
sented. A very useful section on the 
repiratory distress syndrome clearly 
summarizes the presently available 
evidence concerning both the path- 
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ophysiology and treatment of this 
widespread disorder. The cardiae and 
renal manifestations of hypoperfu- 
sion are also well covered, as is the 
discussion of septic shock, a field in 
which there continues to be much con- 
troversy and numerous, unexplained 
phenomena. The editors have pro- 
vided a useful outline for therapy at 
the close of the text and it is of con- 
siderable practical clinical value. 

In summary, this monograph con- 
cisely presents the current status of 
shoek, but from the basic and the clin- 
ical points of view. By stepwise pro- 
gression, it presents in a very lucid 
style a logical and convincing ap- 
proach to the treatment of the vari- 
ous forms of shock. The text should 
have a broad appeal to a variety of 
clinicians and can be highly recom- 
mended. 

Davin C. SABISTON, Jr, MD 
Durham, NC 


Plastic Surgery, ed 1, by Tord Skoog, 500 pp, 
$120, WB Saunders Co, 1975. 


Renowned for his operative surgi- 
cal technique and surgical thinking, 
Professor Tord Skoog’s book fulfills 
the highest expectations and sets new 
standards in medical publishing. This 
is not an ordinary textbook of plastic 
surgery, but rather chapters on the 
following problems toward whose so- 
lutions the author has made singular 
advances: cleft lip and palate; regen- 
eration of periosteum, bone, and car- 
tilage; rhinoplasty; correction of 
prominent ears; surgery for the aging 
faee; breast hypertrophy; inverted 
nipples; axillary hyperhydrosis; syn- 
dactyly; Dupuytren contracture. 

In essence, his book is his surgical 
summary. The format is esthetically 
magnificent, and the text is insight- 
ful and authoritative. The 701 colored 
plates and the black and white draw- 
ings are the best that I have ever 
seen in any 20th century medical or 
surgical publication. What we have 
here is an extraordinary union of sur- 
gical science and art, which goes far 
beyond even the category of “excel- 
lent.” 

The reader need not be a plastic 
surgeon to gain knowledge from this 
book. Its price may be forbidding, but 


for value received, it is well worth’ - 


it. This is an obvious “classic” that _ 
does not need the embellishment of a 
lengthy review. 
RoBERT M. GoLpwyn, MD 
Brookline, Mass 
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Ear Acupuncture Therapy, based on a manual 
prepared by the Chinese Academy of Science in 
the Peoples’ Republic of China by A. M. Ne- 
hemkis and B. R. Smith, 150 pp, 25 illus, Alka 
Press, 1975. 


Between 1949 and 1971, we lost 
communication with the scientific 
world of the Peopses’ Republic of 
China. In this period, the field of med- 
icine flourished as a merger of the 
existing traditional medicine and 
Western medicine, with a great deal 
of exciting experimentation docu- 
mented in the major scientific centers 
of Nanking, Shanghai, and Peking. 
Acupuncture therapy, which includes 
the use of ear points, has yet to enjoy 
the credibility of organized medicine 
in America. As early as 1281, the 
Treasury of Health noted that the 5 
viscera, 6 bowels, and 12 meridians 
joined in the ear. The ear and its 
relationship with the internal organs 
were mentioned in Illustrations of 
Miscellaneous Diseases, published in 
1773 during the Ching period. No- 
gier, a French physician, wrote of his 
discovery of the reflex zones in the 
ear in his early 1950 studies. One of 
the major works on ear acupuncture 
from the Peoples’ Republic of China 
has been published in a manual from 
the Chinese Academy of Science, a 
small 10x 12-cm text that Nehemkis 
and Smith have had translated into 
English. 

The translation follows very closely 
the Chinese text. Diagrams, illustra- 
tions and graphs are accurately re- 
produced from the original. Chapters 
are identical in order and content. As 
a basic text, this is ar ideal handbook 
for learning anatomy and the thera- 
peutic nature of ear acupuncture 
therapy. Compared te the 1972 study 
by the Nanking Army Ear Acupunc- 
ture Team, this text is too brief. The 
treatise by Nogier is much more ex- 
tensive, especially ir description of 
treatment. The French author, more- 
over, elaborates on ais punctoscope 
and therapuncteur for electroacu- 
puncture treatment of the ear. In 
other literature, the Chinese also de- 
scribe electrical devices less compli- 
cated than those of Nogier’s. 

As in all areas of acupuncture, 
standardization of the nomenclature 
of acupuncture loci is necessary. The 
. Chinese use a descriptive term of the 
area or organs being treated in the 


> iP ear atlas, such as uterus point, Divine 


Gate point, hunger point. Translation 
into numbers leads to confusion if the 
reader is already familiar with the 
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numbering method of another author. 
To compensate, Nehemkis and Smith 
have added at the end of the book an 
index of acupuncture loci that con- 
tains the Chinese name, the English 
equivalent, and the Chinese character 
of 132 points. Currently, there are 
more than 200 ear points in use. 
This is an excellent primer for any- 
one interested in ear acupuncture. 
For a more in-depth study of the sub- 
ject, other texts are available in Chi- 
nese, French, and English by authors 
such as Lu, Huang, and Nogier. 
JANE F. LEE, MD 
San Francisco 


Current Concepts in Breast Cancer and Tumor 
Immunology (Proceedings of the San Francisco 
Cancer Symposium of 1973), by Joseph R. Castro, 
Thomas S. Meyler, and Donald G. Baker, 271 pp, 
$15, Medical Examination Publishing Co, 1974. 


The proceedings of the Cancer 
Symposium that was held in San 
Francisco in 1973 under the sponsor- 
ship of the Claire Zellerbach Saroni 
Tumor Institute of Mt. Zion Hospital 
and Medical Center has now been 
published. It presents the papers and 
discussion of a group of investigators 
covering a broad spectrum of endocri- 
nology, pathology, xeroradiographic 
diagnosis, and therapy of breast can- 
cer. The proceedings also include 
summaries of current efforts in im- 
munotherapy. 

The volume offers the reader an in- 
troduction to some of the aspects of 
breast cancer management that re- 
main unclear, and in doing so, it em- 
phasizes the limited basis of data 
available for the formulation treat- 
ment programs. The urgent need for 
well-designed clinical studies is 
emphasized both implicitly and ex- 
plicitly. The reader may well be 
confused by the various opinions ex- 
pressed, but they serve to again 
reemphasize how little we really 
know about this highly lethal chronic 
disease of protean manifestations. 
The optimal approach to the patient 
with stage I or stage II carcinoma of 
the breast remains in question. 

Perhaps the most valuable and 
realistic of the contributions is that 
made by one of the speakers, suggest- 
ing that, in the near future, any 
reduction in the mortality from mam- 
mary carcinoma will come from fur- 
ther development and application of 
techniques for the diagnosis of min- 
imal disease. 

Included are interesting essays on 


the role of estrone production and the 
causation of breast cancer, the local- 
ization of primary and secondary tu- 


mors by techniques of nuclear medi- 


cine, and brief papers covering the 
experimental basis for immunological 
approaches to cancer. 
CHESTER B. Rosorr, MD 
Boston 


A Textbook of Radiology, ed 2, edited by David 
Sutton, 1,376 pp, with illus, $79.50, Longman, Inc, 
1975. 


In many clinical fields, available 
texts are explicitly oriented towards 
medical students, and are therefore 
simple, succinct, and necessarily ab- 
breviated. The larger works in the 
field tend to be reference volumes— 
detailed, comprehensive, and incorpo- 
rating not only the experience of the 
authors but the best of the pertinent 
literature, both past and present. It is 
David Sutton’s contention that these 
two approaches leave a gap that has 
not been satisfactorily filled, at least 
in radiology. In his A Textbook of Ra- 
diology, therefore, he has focused on 
an intermediate area useful to ad- 
vanced trainees and younger radiolo- 
gists in practice, while incorporating 
all divisions of radiology into a single 
volume. 


The first edition of this text ap- _ 
peared in 1969 and was greeted with 


enthusiasm. Now, six years later, the 
second edition represents an up- 


dating of the first, with new chapters — 


and many new illustrations. Although 
it is a single volume, it is a thick one— 
almost 1,400 pages. It is organized 
along traditional lines in seven sec- 
tions: bone and joints; chest; car- 
diovascular system; gastrointestinal 
tract and abdomen; genitourinary 
tract; the ear, nose, and throat; and 
the central nervous system. Each sec- 
tion has 7 to 11 individual chapters. 
Sutton, himself an important figure 
in contemporary British radiology, 
has had the fine sense to include Ron- 
ald Grainger as his assistant editor 
and a distinguished group of contrib- 
utors, including Steiner, Samuel, 
Murray, Hodson, and others. 

In many respects, Sutton has pro- 
duced a remarkable volume that is at 
one and the same time comprehensive 


and succinct. This cannot be accom- `“ 


plished without cost, however. Few 
statements in the text, even those 
drawing unmistakably on the litera- 
ture, are referenced, and indeed the 
number of references included in all 


Books 1521 








PSST TA 


SS 5 Oh A 
“he kK YP ha < 


Av? > 2 
DRTE 





$ be 
AO 


Ta 


f Fan mi 


Re, 
i Thi 


— “ey ai. 
a Six 


chapters is marginal. This represents 


a deliberate decision to save space 
for text and illustrations and to as- 
sure that the work did not spread 
into multiple volumes. Nevertheless, 
statements are made and percent- 
ages presented that the reader would 
like to review in greater detail, but 
the source is rarely named. Further- 
more, the need to be concise has re- 


“sulted in serious omissions. For ex- 


ample, nowhere in the volume can a 


. systematic approach to gastrointesti- 


nal bleeding be found. While the 
method of doing a barium study in 


= the aeute bleeder is discussed, the 


question of “when” or “whether” is 
never addressed. In an area that has 
changed so rapidly within the last 
few years, it is precisely the advanced 
trainee who should be able to derive a 
clearly programmed approach to the 
patient with gastrointestinal bleed- 
ing. The decision tree, and the 
relevant factors determining which 
branch is pursued, are vital ele- 
ments in contemporary medicine. 
When should the patient be moved 
directly to the angiographic suite for 
celiac and left gastric arteriography? 
Aside from purely diagnostic prob- 


lems of defining the bleeding site, 


what is the present status of vaso- 
pressin in controlling bleeding? How 
many patients with varices are dis- 


| t -covered to be bleeding from gastritis 


or ulcer? In this kind of emergency, 
where the radiologist has the oppor- 
tunity of playing an immensely im- 


portant role in patient treatment, it 
-is not too much to ask that a system, a 


method, an approach, an orientation 
be described. 

There are also problems involved in 
utilizmg multiple authors. Thus, on 
page 477, Steiner, in a discussion of 
the radiology of the heart, states, 
“For ordinary diagnostic work, the 
posteroanterior and the lateral [films] 
... are perfectly adequate for most 
examinations.” On page 516, Dow 
states, “A lateral view is only oc- 
easionally of value when the appear- 
ances in the PA view are equivocal.” 
In fact, throughout his entire section 
on chamber enlargement, Dow pre- 
sents. only posteroanterior and left 
anterior oblique illustrations and 
states that his description of chamber 


“enlargement is based on these two 


views. Intriguingly, although he ap- 
parently never uses conventional lat- 
eral films, virtually all angiocar- 
diographic examples that are not 
posteroanterior are in fact lateral. 
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This is difficult to understand, be- 
cause of his emphasis that the left an- 
terior oblique projection allows sepa- 
ration of the two ventricles and 
therefore the assessment of their size. 
Even in demonstrating the angiocar- 
diographic anatomy of ventricular 
septal defect, a lateral film is pre- 
sented (Fig 29.6) in which the septum 
is clearly overlapped and by no means 
perpendicular to the plane of the film. 
In this same chapter, the discussion 
of right ventricular enlargement is 
somewhat confusing because vir- 
tually all examples utilized represent 
the tetralogy of Fallot. More often 
than not, right ventricular enlarge- 
ment is not present in the tetralogy 
of Fallot, and the volume of the ven- 
tricle is within the normal range. 
Similarly, the overall cardiac volume 
is not enlarged in most cases. The 
central feature is hypertrophy rather 
than dilation. This chapter is delib- 
erately iconoclastic, but generally 
sound. 

On the other hand, in the discussion 
of the pulmonary vascular bed and 
pulmonary stenosis, the reader can 
become thoroughly confused. Dow 
states, “In a mild degree of stenosis, 
the pulmonary vasculature appears to 
be practically normal; in more severe 
degrees the right and left main 
branches of the pulmonary arteries 
are small.” The fact is that in pa- 
tients with gradients of 50, 60, and 70 
mm Hg and intact septa, the pulmo- 
nary vascular bed is entirely normal, 
as might be anticipated from the nor- 
mal pulmonary blood flow and cardiac 
output in such patients. Only when 
the valvar stenosis produces a pin- 
point opening and when there is 
right-to-left shunting at the atrial or 
ventricular level will true oligemia be 
observed. Even in the tetralogy of 
Fallot, virtually half of the patients 
have normal lung fields and appar- 
ently normal vessels on roentgen- 
ograms when compared with normal 
subjects of the same age. 

Finally, the need to be succinct has 
not always permitted a comprehen- 
sive treatment. Under dissecting 
aneurysm, for example, a detailed 
review of the plain film signs, in- 
dicating how often they are present 
and which are most valuable, is lack- 
ing. Instead, the discussion is se- 
verely truncated. The statement is 
also made that “hypertension is the 
main predisposing cause,” whereas in 
face cystic medial necrosis almost cer- 
tainly is far more important than hy- 


pertension, since dissection rarely oc- 
curs in its absence. 

The foregoing are small points in a 
generally excellent text. The sections 
on the bones and joints and the chest 
are particularly strong, but then the 
general level of this volume is very 
high indeed. For the most part, the 
advanced trainee will find an extraor- 
dinary amount of information com- 
pressed into this volume, well orga- 
nized and beautifully illustrated. 

HERBERT L. ABRAMS, MD 
Boston 
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ophthalmic arterial, measured by ocular plethys- 
modynamography [Sand] 813 (Jy), (letters) 
[Oller] 1516, [Carney] (reply) [Sand, Gee] 
1518 (De) 

Blood Proteins 

blood viscosity, Raynaud syndrome and [Tiet- 
jen] 1343 (No) 


(letter) [Hei- 


‘Blood Transfusion, Autologous 


hematologic integrity after intraoperative al- 

lotransfusion (letters) [Lamm, Barnhouse] 

128 (Jay 

lood Vessel Prosthesis 

bovine heterografts and autogenous veins as 
canine arterial bypass grafts [Weyman] 746 
(Je) 
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injuries associated with fractures of femur 
[Rosental] 494 (My) 

Blood Viscosity 

plasma proteins, Raynaud syndrome and [Tiet- 
jen] 1343 (No) 

Body Fluids 

canine kidney preservation for 24 to 72 hours, 
use of intracellular-like perfusate [Aguilo] 
202 (Fe) 

Bone and Bones 

chemosterilized antigen-extracted autodigested 
alloimplant for bone banks [Urist] 416 (Ap) 

BOOK REVIEWS 

Abramson DI: Vascular Disorders of the Ex- 
tremities, ed 2, 353 (Mr) 

American Academy of Orthopaedic Surgeons: 
Instructional Course Lectures, vol 23, 1257 
(Oc) 

Bailey RW: Cervical Spine, 131 (Ja) 

Barber HRK, Graber EA: Surgical Disease in 
Pregnancy, 766 (Je) 

Barbosa JF, ed: Surgical Treatment of Head 
and Neck Tumors, 850 (Jy) 

Bell PRF, Calman KC: Surgical Aspects of 
Haemodialysis, 853 (Jy) 

Birnstingl M, ed: Peripheral Vascular Sur- 
gery, 355 (Mr) 

Boedeker EC, Dauber JH, eds: Manual of Med- 
ical Therapeutics, ed 21, 1053 (Au) 

Bonica JJ, Procacci P, Pagni CA, eds: Recent 
Advances on Pain: Pathophysiology and Clin- 
ical Aspects, 451 (Ap) 

Borges AF: Elective Incisions and Scar Revi- 
sion, 181 (Ja) 

Brown H, ed: Protein Nutrition, 1158 (Se) 

Castro JR, Meyer TS, Baker DG: Current 
Concepts in Breast Cancer and Tumor Im- 
munology (Proceedings of San Francisco 
Cancer Symposium of 1978) 1521 (De) 

Chase RA: Atlas of Hand Surgery, 132 (Ja) 

Child CG III, ed: Portal Hypertension, Major 
Problems in Clinical Surgery, vol 14, 130 (Ja) 

Cohn LH: Surgical Treatment of Acute Myo- 
cardial Ischemia, 762 (Je) 

Colton T: Statistics in Medicine, 1157 (Se) 
Converse JM: Kazanjian & Converse’s Surgical 
Treatment of Facial Injuries, ed 3, 277 (Fe) 
Curran RC, Jones EL: Gross Pathology: Color 

Atlas, 850 (Jy) 

Dorland’s Illustrated Medical Dictionary, ed 25, 
226 (Fe) 

Dunphy JE, Botsford TW: Physical Examina- 
tion of Surgical Patient: Introduction to 
Clinical Surgery, ed 4, 1519 (De) 

Duvernoy HM: Superficial Veins of Human 
Brain, 1157 (Se) 

Faivre J, Simeoni C-M: Atlas de Chirurgie 
Esthetique: Chirurgie du Sein, vol 1, 132 
(Ja) 

Ferner H, Staubesand J, Figge FHJ, Hild WJ, 
eds: Atlas of Human Anatomy, vol 1-3, 849 
(Jy) 

Fish EJ: Surgical Nursing, 1519 (De) 

Flatt AE: Care of Rheumatoid Hand, ed 3, 
765 (Je) 

Ford PJ, Weintraub RM: Intra-aortic Balloon 
Pumping Manual, 227 (Fe) 

Fox RC, Swazey JP: Courage to Fail: Social 
View of Organ Transplants and Dialysis, 849 
(Jy) 

Georgiade NG, ed: Symposium on Management 
of Cleft Lip and Palate and Associated De- 
formities, vol 8, 1050 (Au) 

Glenner GG, Grimley PM: Tumors of the Extra- 
adrenal Paraganglion System (Including 
Chemoreceptors) ed 2, 226 (Fe) 

Goldstein LA, Dickerson RC: Atlas of Ortho- 
paedic Surgery, 765 (Je) 

Harris JH Jr, Harris WH: Radiology of Emer- 
gency Medicine, 1520 (De) 
Heberer G, Hegemann G, eds: 

Operation, 764 (Je) 

Helfet A: Disorders of the Knee, 353 (Mr) 

Holle F, Andersson S, eds: Vagotomy: Latest 
Advances with Special Reference to Gastric 
and Duodenal Ulcers Disease, 1257 (Oc) 

Horton CE, ed: Plastic and Reconstructive Sur- 
gery of Genital Area, 1158 (Se) 

Howkins J, Stallinworthy J: Bonney’s Gyne- 
cological Surgery, ed 8, 1159 (Se) 

Hughes ESR, Cuthbertson AM: Anorectal Sur- 
gery, 130 (Ja) 

Johnson RH, Spalding JMK: Disorders of Au- 
tonomic Nervous System, 1258 (Oc) 


Indikation zur 


BOOK REVIEWS—Continued Foal 

Judge RD, Zuidema GD, eds: Methods of Clin- 
ical Examination: Physiologic Approach, ed 
3, 226 (Fe) 

Karow AM Jr, Abouna GJM, Humphries AL 
Jr: Organ Preservation for Transplanta- 
tion, 852 (Jy) 

Kelikian H: Congenital Deformities of Hand 
and Forearm, 1053 (Au) 

Kriicke W, Loose DA, Loose KE, et al: Hand- 
buch der Neurochirurgie: Peripheres und 
Sympathisches Nervensystem, 851 (Jy) 

Lee Y-TN, Spratt JS Jr: Malignant Lympho- 
ma: Nodal and Extranodal Diseases, 130 (Ja) 

Lennette EH, Spaulding EH, Truant JP, eds: 
Manual of Clinical Microbiology, ed 2, 763 
(Je) 

Liechti R: Die Arthrodese des Huftgelenkes und 
ihre Problematik, 764 (Je) 

Littler JW, Cramer LM, Smith JW, eds: Sym- 
posium on Reconstructive Hand Surgery, 1050 
(Au) 

Luzsa G: X-Ray Anatomy of Vascular System, 
1053 (Au) 

McComish PB, Bodley PO: Anaesthesia for 
Neurological Surgery, 1519 (De) 

Macgregor FC: Transformation and Identity: 
Face and Plastic Surgery, 850 (Jy) 

Malan E, ed: Vascular Malformations (Angio- 
dysplasias) 763 (Je) 

Malinin TI, Zeppa R, Drucker WR, Callahan 
AB, eds: Acute Fluid Replacement in Ther- 
apy of Shock, 1051 (Au) 

Mason EE: Fluid, Electrolyte and Nutrient 
Therapy in Surgery, 227 (Fe) 

Miyazaki M, Iwatsuki K, Fujita M, eds: Anaes- 
thesiology, 355 (Mr) 

Nehemkis AM, Smith BR: Ear Acpuncture 
Therapy, 1521 (De) 

Papaioannou AN: Etiology of Human Breast 
Cancer: Endocrine, Genetic, Viral, Immuno- 
logic and Other Considerations, 354 (Mr) 

Parsa MH: Safe Central Venous Nutrition, 451 
(Ap) 

Phillips JM, ed: Gynecological Laparoscopy: 
Principles and Techniques, 1159 (Se) 

Rang M: Children’s Fractures, 852 (Jy) 

Rank BK, Wakefield AR, Hueston JT: Surgery 
of Repair as Applied to Hand Injuries, ed 4, 
1052 (Au) 

Ridley JH, ed: Gynecologic Surgery: Errors, 
Safeguards, Salvage, 765 (Je) 

Schumer W, Nyhus LM, eds: Treatment of 
Shock: Principles and Practiee, 1520 (De) 
Schwartz SI, Lillehei RC, Shires GT, Spencer 
FC, Storer EH, eds: Principles of Surgery, 

ed 2, 762 (Je) 

Sedgwick CE: Surgery of Thyroid Gland, 1051 
(Au) 

Shaftan GW, Gardner B, eds: Quick Reference 
to Surgical Emergencies, 1050 (Au) 

Shields TW: Bronchial Carcinoma, 1257 (Oc) 

Skoog T: Plastic Surgery, 1520 (De) 

Smillie IS: Diseases of Knee Joint, 1157 (Se) 

Sutton D, ed: Textbook of Radiology, ed 2, 
1521 (De) 

Tanzer RC, Edgerton MT, eds: Symposium on 
Reconstruction of Auricle, vol 10, 1052 (Au) 

Touloukian RJ, Krizek TJ, eds: Diagnosis and 
Early Management of Trauma Emergencies: 
Manual for the Emergency Service, 353 
(Mr) 

von Diethelm L, ed: Roentgen Diagnosis of the 
Vertebral Column, 354 (Mr) 

Watson C: Basic Human Neuroanatomy: In- 
troductory Atlas, 354 (Mr) 

Weckesser EC: Treatment of Hand Injuries: 
Preservation and Restoration of Function, 
1050 (Au) 

Wells C, Kyle J, Dunphy JE, eds: Scientific 
Foundations of Surgery, ed 2, 766 (Je) 

White PL, Nagy ME, eds: Total Parenteral 
Nutrition, 762 (Je) 

Wolcott MW, ed: Ferguson’s Surgery of the 
Ambulatory Patient, ed 5, 226 (Fe) 

Botulism 

wound [Cherington] 436 (Ap) 

Brachial Plexus 

radiation-induced paralysis [Match] 384 (Ap) 

Brain Neoplasms 

primary, recent advances 
[Walsh] 696 (Je) 

Breast 

bilateral intra-areolar polythelia [Abramson] 
1255 (Oc) 


in treatment of 
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mycotic “pseudotumors” of [Salfelder] 751 (Je) 

reconstruction after mastectomy [Goldwyn] 
226 (Mr) 

Breast Neoplasms 

bilateral adrenalectomy for metastatic carcino- 
ma [Brown] 77 (Ja); more on (letter) 
[Leung] 1517 (De) 

fibrous tumor (letter) [Murthy] 128 (Ja) 

genetics and cancer control, tumor association 
[Lynch] 1227 (Oc) 

implications of suspicious findings in screening 
for [Lewis] 903 (Au) 

lobular carcinoma in situ, are we too radical 
in its treatment? [Dal Olmo] 537 (My) 


metastatic, hypophysectomy in [VanGilder] 
293 (Mr) 
radiation-induced brachial plexus paralysis 


[Match] 384 (Ap) 

Burns 

acute acalculous cholecystitis, complication of 
other illnesses in childhood [Ternberg] 543 
(My) 

acute gastric disease after cutaneous thermal 
injury [Czaja] 600 (My) 

full-thickness, electrosurgical excision of [Lew- 
is] 191 (Fe) 

studies of pain produced by mafenide acetate 
preparations in [Harrison] 1446 (De) 


c 


Cadaver 

pediatric kidneys, use in renal transplantation 
[Salvatierra] 181 (Fe) 

Calcification, Pathologic see Calcinosis 

Calcinosis 

surgical removal of soft tissue calcifications in 
dermatomyositis [Carlson] 755 (Je) 

Calcium see also Hypercalcemia 

serum, responses to exogenous secretin [Brad- 
ley] 1221 (Oc) 

Carcinoid Tumor 

metastatic to neck [Welling] 111 (Ja) 


with supraclavicular-lymph node metastasis 
(letters) [Feldman] 450 (Ap), [Welling] 
1049 (Au) 

Carcinoma 


acinic cell, collective review, including bilateral 
cases [Levin] 64 (Ja) 

alimentary traet, in Nigerian Igbos [Onuigho] 
349 (Mr) 

gastric, membranous glomerulonephritis, initial 
symptom of? [Weintroub] 833 (Jy) 

gastric, surgical treatment, regional study of 
2.590 patients over 27-year period [Inberg] 
703 (Je) 

medullary thyroid, management of parathyroid 
glands in surgery for [Block] 617 (My) 

metastatic breast, bilateral adrenalectomy for 
[Brown] 77 (Ja); more on (letter) [Leung] 
1517 (De) 

needle aspiration biopsy for thyroid cancer 


(letter) [Heimann] 1517 (De) 

obstructing colonic, colitis proximal to [Tietjen] 
1133 (Se); feculent, not fecund (letter) 
[Fred] 1517 (De) 


of thyroid, panel by correspondence [DeCosse] 
783 (Jy) 

prognosis in colon cancer, pathologic reassess- 
ment [Murray] 908 (Au) 

Carcinoma, Bronchogenic 

solitary pulmonary nodule, 
of VA-Armed Forces 
[Higgins] 570 (My) 

Carcinoma in Situ 

lobular carcinoma of breast, are we too radical 
in its treatment? [Dall’Olmo] 537 (My) 

Cardiac Output 

variability of effect of positive end expiratory 
pressure [Horton] 395 (Ap) 

Cardiopulmonary Bypass see Extracorporeal 
Circulation 

Cardiovascular System 

cardiorespiratory responses to dextran 40, he- 
modynamic and oxygen transport changes in 
normal subjects and critically ill patients 
[Matsuda] 296 (Mr) 

survivors’ and nonsurvivors’ responses to dex- 
tran 40, hemodynamic and oxygen transport 
ehanges in critically ill patients [Matsuda] 
301 (Mr) 

time in which we dwell [Callow] 1273 (No) 

Carotid Arteries 

endarterectomy for nonhemispheric transient 
ischemic attacks [Ford] 1314 (No) 


10-year follow-up 
Cooperative Study 
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endarterectomy, retinal artery emboli, indica- | 
tions for angiography and [Tompkins] 1075 


left carotid steal, new observation [Shumacker] 
399 (Ap) 

mycotic aneurysm of (letter) [Stoney] (reply) 
[Ledgerwood] 225 (Fe) 

proximal subclavian artery occlusion, retro- 
clavicular common carotid axillary bypass 
[Pierandozzi] 126 (Ja) 

T-shaped carotid shunt [Brener] 1249 (Oc) 

Carotid Artery Diseases 

ophthalmic arterial blood pressures measured 
by ocular plethysmodynamography [Sand] 
813 (Jy), (letters) [Oller] 1516, [Carney] 
(reply) [Sand, Gee] 1518 (De) 

Catheterization 

control of arteriovenous fistula of splenic vessels 
by Fogarty catheter [Zelch] 329 (Mr) 

intraluminal technique for arterial occlusion 
during renal transplantation [Merkel] 348 
(Mr) 

total intravenous nutrition with peripherally 
inserted silicone elastomer central venous 
catheters [Hoshal] 664 (My) 

umbilical artery, for neonatal monitoring, seri- 
ous complications after [Marsh] 1202 (Oc) 

Cecum 

blowhole cecostomy for cecal decompression 
[Gierson] 444 (Ap), (letter) [Gierson] 1049 
(Au) 

Central Surgical Association 

president’s address, education of surgeon [Fry] 
872 (Au) 

32nd annual meeting, Chicago, Feb 27-March 
1, 1975, papers, 872-1047 (Au) 

Cerebral Embolism and Thrombosis 

unusual manifestations of penetrating cardiac 
injuries [Fallah-Nejad] 1357 (No) 

Cerebral Ischemia, Transient 


carotid endarterectomy for nonhemispheric 
transient ischemic attacks [Ford] 1814 
(No) 


Cerebral Vasospasm see Cerebral Ischemia, 
Transient 

Cerebrovascular Circulation 

ophthalmic arterial blood pressures measured 
by ocular plethysmodynamography [Sand] 
813 (Jy), (letters) [Oller] 1516, [Carney] 
(reply) [Sand, Gee] 1518 (De) 

Cervicitis 

sclerosing, homologue of sclerosing retroperi- 
tonitis and mediastinitis [Rice] 120 (Ja) 

Child 

implantable pacemakers in children [Marco] 


880 (Au) 
prosthetic valve replacement in children 
[Stansell] 1397 (No) 
China 
education of Chinese surgeon [Roth] 350 (Mr) 
Cholangiography 


operative (letter) [Eckert] 129 (Ja) 

operative, pseudo-obstruction of common duct 
in [Scholz] 17 (Ja) 

operative, spasm and [Chessick] 53 (Ja); (let- 


ters) [Robertson] 450 (Ap), [Heymann, 
Mostert, Chessick] 847 (Jy), [Horn] 1049 
(Au) 
Cholecystectomy 


800 cholecystectomies, plea for many fewer 
drains [Ross] 721 (Je); (letter) [Willner] 
(reply) [Doane] 1155 (Se) 

Cholecystitis 

acute acalculous, complication of other illnesses 
in childhood [Ternberg] 543 (My) 

Cholecystography 

concept of physiologic dysfunction of gallblad- 
der [Griffen] 869 (Ap) 

Cholelithiasis 

biliary and urinary calculi, pathogenesis fol- 
lowing small bowel bypass for obesity [Wise] 
1048 (Au) 

biliobiliary fistula, trap in surgery of [Corlette] 
877 (Ap) 

gallstone ileus in absence of gallbladder [Lind- 
sey] 448 (Ap) 

Cholestyramine 

massive small bowel resection in neonate, 4- 
year follow-up [Aaronson] 1485 (De) 

Chylothorax 

bilateral spontaneous, 
san] 1248 (Oc) 

Cirrhosis, Liver see Liver Cirrhosis 

Clindamycin 

pseudomembranous colitis after prophylactic 
use of [Wettach] 1252 (Oc) 


of newborn [Bensous- 






pee idy of lower extrem- 

ities pbs naire recumbency [Sigel] 171 
(Fe) 

what kind of elastic stocking? (letter) [Sigel] 
449 (Ap) 

Coin Lesion, Pulmonary 

solitary pulmonary nodule, 10-year follow-up of 
VA-Armed Forces Cooperative Study [Hig- 
gins] 570 (My) 

Cold see Cryogenic Surgery; 
Induced 

Colitis 

drug-induced, mimicking acute surgical condi- 
tion of abdomen [Tedesco] 481 (My) 


Hypothermia, 


proximal to obstructing colonic carcinoma 
[Tietjen] 1133 (Se); feculent, not fecund 
(letter) [Fred] 1517 (De) 


pseudomembranous, after prophylectic use of 
clindamycin [Wettach] 1252 (Oc) 

Colitis, Ulcerative 

emergency and urgent operations for, procedure 
of choice [Binder] 284 (Mr) 

Colon 

adynamic ileus of (letter) [Euphrat] 224 (Fe) 

dilation with necrosis, complications of jejuno- 
ileal bypass for morbid obesity [Jewell] 1039 
(Au) 

gravity as cause of ‘“‘colon cutof” 
[Laufer] 1518 (De) 

use of mechanical] suturing apparatus in low 
colorectal anastomsis [Fain] 1079 (Se) 

Colonic Neoplasms 

colitis proximal to obstructing carcinoma 
(Tietjen] 1188 (Se); feeulent, not fecund 
(letter) [Fred] 1517 (De) 

phytohemagglutinin-stimulated immune re- 
sponse, assay in colorectal carcinoma patients 
[Kaplan] 1217 (Oc) 

prognosis in, pathologic reassessment [Mur- 
ray] 908 (Au) 

Colostomy 

antimesenteric slit (letter) [Braslow] .(reply) 
[Fischer] 450 (Ap) 

defunctionalizing (letter) 
(Mr) 

Common Bile Duct 

pseudo-obstruction of, in operative cholangiog- 
raphy [Scholz] 17 (Ja) 

Common Bile Duct Calculi 

serendipitous passage following ampullary can- 
nulation [Butsch] 433 (Ap) 

spasm and operative cholangiography [Ches- 
sick] 58 (Ja), (letter) [Horn] 1049 (Au) 

Complement 

hemolytic, serum prognostic indicators in ex- 


(letter) 


[Brodman] 352 


perimental Bacteroides peritonitis [Shar- 
baugh] 1146 (Se) 
Consultants 


Oct 1978-Oct 1974, 129 (Ja) 

Contraceptives, Oral 

hepatic cell adenomas, spontaneous liver rup- 
ture, and [Ameriks] 548 (My); (letter) 
[Knowles] (reply) [Thompson] 1154 (Se) 

Coronary Artery Bypass see Aortocoronary 
Bypass 

Coronary Circulation 

alterations in kinins of coronary blood from rat 
heart homografts [Lemmi] 1070 (Se) 

Coronary Disease see Aortocoronary Bypass 

Coronary Vessels 

experimental evaluation of coronary infusates 
in dogs [Raju] 1374 (No) 

Counterpulsation see Assisted Circulation 

Crohn Disease see Enteritis, Regional 

Crush Syndrome see Kidney Failure, Acute 

Cruveilhier-Baumgarten Syndrome see Liver 
Cirrhosis 

Cryogenic Surgery 

hepatic, release of lysosomal enzyme {f-glu- 
euronidase after [Nagasue] 713 (Je) 

Cryotherapy see Cryogenic Surgery 

Cryptococcosis 

mycotic ‘‘pseudotumors” of breast [Salfelder] 
751 (Je) 

Cryptorchism 

staged orchiorrhaphy, therapeutic procedure. in, 
eryptorchic testicle with short spermatic cord 
[Zer] 387 (Ap) 


Cyclic AMP see Adenosine Cyclic 3’,5’Mono- ^ 


phosphate 
Cyclophosphamide 
Pseudomonas aeruginosa infection in mice af- 
ter treatment with [Grogan] 1473 (De) 
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[van Heerden] 500 (My) 
ytotoxic Agents see Antineoplastic Agents 
Cytoxan see Cyclophosphamice 


Dacron see Polyethylene Terephthalate 

Death, Sudden 

from ruptured intercostal artery aneurysm, late 
complication of thoracotomy [Heifetz] 1253 
(Oc) 

Debridement 

radical surgical, in treatment ef advanced gen- 
eralized bacterial peritonitis [Hudspeth] 1233 
(Oc) 

Decompression see Pressure 

Dermatomyositis 

surgical removal of soft tissue calcifications in 
[Carlson] 755 (Je) 

Dexamethasone 

prevention of peritoneal adhesions in the rat 
[Gazzaniga] 429 (Ap) 

Dextran 40 

cardiorespiratory responses to, hemodynamic 
and oxygen transport changes in normal] sub- 
jects and critically ill patients [Matsuda] 296 
(Mr) 

survivors’ and nonsurvivors’ responses to, he- 
modynamic and oxygen transport changes in 
critically ill patients [Matsuda] 301 (Mr) 

Dextrose see Glucose 

Diabetes Mellitus 

further evaluation of total pancreatectomy 
[Pliam] 506 (My) 

Dialysis, Extracorporeal see Hemodialysis 

Dialysis, Ileal Loop see Hemodialysis 

Diaphragmatic Hernia 

new antireflux procedure at esophagogastric 
junction, experimental and clinical evaluation 
[Guarner] 101 (Ja) 

Diarrhea 

acute acalculous cholecystitis, complication of 
other illnesses in childhood [Ternberg] 543 
(My) 

ileostomy [Brooke] 781 (Jy) 

ileostomy antiperistaltie ileal segment in pre- 
vention of [Cohen] 829 (Jy) 

pseudomembranous colitis after prophylactic 
use of clindamycin [Wettach! 1252 (Oc) 

Diathermy, Surgical see Electrocoagulation 

Digestive System 

in total parenteral nutrition [Koga] 742 (Je) 

Diuretics 

inappropriate use in surgical patients [Pow- 
ers] 1489 (De) 

DNA 

isolation and purification of mediators of cell 
proliferation [Kunkel] 884 (Au) 

Drainage 

800 cholecystectomies, plea for many fewer 
drains [Ross] 721 (Je); (letter) [Willner] 
(reply) [Doane] 1155 (Se) 

prolonged thoracic duct, skin homograft sur- 
vival in humans after lymphocyte depletion 
by [Levine] 736 (Je) 

pseudocysts of pancreas, review of 71 cases 
[van Heerden] 500 (My) 

successful management of caliceal fistulas fol- 
eg renal transplantation [Schiff] 1129 
(Se) 

Drug Hypersensitivity 

drug-induced colitis mimicking acute surgical 
condition of abdomen [Tedesco] 481 (My) 

Duodenal Ulcer 

acute perforated, evaluation of surgical man- 
agement [Sawyers] 527 (My) 

gastrin determinations in symptomatic patients 
before and after standard operations for 
{[Stremple] 875 (Au) 

perforated, role of definitive surgery in man- 
agement of [Kirkpatrick] 1016 (Au) 

truncal vagotomy and pyloroplasty for [Brooks] 
822 (Jy) 

Duodenum 

compensatory hypertrophy of ileum after gas- 
troduodenojejunal exclusion [Tilson] 309 

_ (Mr); (letter) [Young] (reply) [Tilson] 
1177 (Oc) 

new use for catheter duodenostomy, postopera- 

tive enteric alimentation [Oakes] 845 (Jy) 

pancreatodupdenectomy for combined pancre- 

@.toduoderfal injuries [Yellin] 1177 (Oc) 

pancreatoduodenectomy, results when opera- 
tion is performed infrequently [Bloom] 1455 
(De) 
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Eccrine Glands see Sweat Glands 


EDITORIAL COMMENT 

bilateral adrenalectomy for metastatic breast 
‘carcinoma [DeCosse] 81 (Ja) 

bilateral spontaneous chylothorax of newborn 
[Fonkalsrud] 1245 (Oc) 

biliobiliary fistula [Welch] 383 (Ap) 

bovine heterografts and autogenous veins as 
canine arterial bypass grafts [Zeppa] 750 
(Je) 

canine kidney preservation for 24 to 72 hours 
[Mannick] 205 (Fe) 

discontinuance of immunosuppression in renal 
transplant patients [Najarian] 1451 (De) 

electrosurgical excision of full-thickness burns 
[Smith] 194 (Fe) 

emergency and urgent operations for ulcerative 
colitis [Warren] 289 (Mr) 

esophagogastric fistula [Ellis] 828 (Jy) 

fiberoptic endoscopy in treatment of corrosive 
injury of stomach [Welch] 728 (Je) 

gallium citrate Ga 67 imaging in patients with 
suspected inflammatory processes [Burleson] 
1242 (Oc) 

malignant lymphoma of jejunum in patient with 
Wiskott-Aldrich syndrome [Fonkalsrud] 220 
(Fe) 

massive small bowel resection in neonate 
[Fonkalsrud] 1490 (De) 

multiple primary malignant neoplasms [De- 
Cosse] 160 (Fe) 

new antireflux procedure at esophagogastric 
junction [Griffen] 106 (Ja) 

nitrogen balance in postoperative patients re- 
ceiving parenteral] nutrition [Baue] 276 (Mr) 

pancreatoduodenectomy [Welch] 1457 (De) 

pediatric cadaver kidneys [Mannick] 183 (Fe) 

perfusion of ischemic ulcers of the extremity 
[Warren] 268 (Mr) 

posttraumatic renal artery stenosis [Harrison] 
1151 (Se) 

progression of occlusive atherosclerosis [War- 
ren] 261 (Mr) 

radiation-induced brachial 
[Goldwyn] 3886 (Ap) 

radical surgical debridement in treatment of 
advanced generalized bacterial peritonitis 
[Welch] 1236 (Oc) 

routine intraoperative angiography [Warren] 
190 (Fe) 

rupture of thoracic aorta following blunt trau- 
ma [Shumway] 1123 (Se) 

serum calcium responses to exogenous secretin 
[Silen] 1223 (Oc) 

staged orchiorrhaphy [Fonkalsrud] 390 (Ap) 

surgical treatment of gastric carcinoma [Grif- 
fen] 707 (Je) 

treatment of flail chest [Fencl] 1103 (Se) 

variability of effect of positive end expiratory 
pressure [Modell] 398 (Ap) 

venous atherosclerosis associated with arterio- 
venous fistulas for hemodialysis [Warren] 
180 (Fe) 

wound botulism [Tyler] 438 (Ap) 

Education, Medical 

of Chinese surgeon [Roth] 350 (Mr) 

of surgeon [Fry] 872 (Au) 

Education, Medical, Continuing 

postgraduate training in US for foreign medi- 
cal graduates (letter) [Eggleston] 352 (Mr) 

Efudex see Fluorouracil 

Electrocardiography 

regional myocardial infarction at operation, 
automated system of identification [Green] 
1416 (No) 

Electrocoagulation 

of bleeding in upper part of gastrointestinal 
tract [Sugawa] 975 (Au) 

Electrosurgery 

excision of full-thickness burns [Lewis] 191 
(Fe) 

Embolism 

renal trauma, treatment by angiographic in- 
jeċtion of autologous clot [Silber] 206 (Fe) 

retinal artery, indications for angiography and 


plexus paralysis 


carotid endarterectomy [Tompkins] 1075 
(Se) 
Emergencies 


emergency and urgent operations for ulcerative 
colitis, procedure of choice [Binder] 284 
(Mr) 

Emigration and Immigration 

foreign graduate with US training reimmigrates 
to US (letters) [Tanton, Lakra] 224 (Fe) 


Endarterectomy ~~ 7 a. 

carotid, for nonhemispheric transient ischemic 
attacks [Ford] 1314 (No) 

carotid, retinal artery emboli, indications for , 
angiography and [Tompkins] 1075 (Se) 

for aortoiliac and aortoiliofemoral occlusive 
disease, evaluation of [Inahara] 1458 (De) 

T-shaped carotid shunt [Brener] 1249 (Oc) 

Endofistulorrhaphy 

renal arteriovenous fistula treated by [Ehrlich] 
1195 (Oc) 

Endoscopy 

fiberoptic, in treatment of corrosive injury of 
stomach [Chung] 725 (Je) 

serendipitous passage of common duct stone 
following ampullary cannulation [Butsch] 
483 (Ap) 

Endotoxins 

fibrinogen in liver disease (letter) [Fine] (re- 
ply) [Wardle] 848 (Jy) 

Endoxan see Cyclophosphamide 

Enflurane 

malignant hyperthermia associated with an- 
esthesia using [Caropreso] 1491 (De) 

Enteritis, Regional l 

detection and localization of intra-abdominal 
abscesses by diagnostic ultrasound [Friday] 
335 (Mr) 

Enterocolitis, Acute 

neonatal necrotizing, evolution of new princi- 
ples in management [Wayne] 476 (My) 

Enzymes 

pancreatic exocrine insufficiency, content of 
commercial pancreatic supplements [Pairent] 
739 (Je) 

Eosinophilia 

subcutaneous angiolymphoid hyperplasia (Ki- 
mura disease) [Kim] 1246 (Oc) 

Epinephrine 

cyclic AMP response to shock and [McArdle] 
316 (Mr) 

Equipment and Supplies 

physician, manufacturer, and medical devices 
[Bruner] 1511 (De) 

Ergotism 

severe extremity ischemia [Henry] 929 (Au) 

Esophageal Neoplasms 

hamartomatous polyp [Shah] 326 (Mr) 

Esophageal Reflux 

competency test after fundoplication for treat- 
ment of reflux esophagitis [Safaie-Shirazi] 
221 (Fe) 

esophageal stricture secondary to reflux eso- 
phagitis [Safaie-Shirazi] 629 (My) 

new antireflux procedure at esophagogastric 
junction, experimental and clinical evaluation 
[Guarner] 101 (Ja) 

Esophageal Stenosis 

esophageal stricture secondary to reflex esopha- 
gitis [Safaie-Shirazi] 629 (My) 

placement of guidewire for esophageal dilation, 
improved technique [Marco] 1251 (Oc) 

Esophageal Varices 

conventional splenorenal shunts, reconsidera- 
tion [Pliam] 588 (My) 

massive spontaneous portal-systemic shunting 
without [Wexler] 995 (Au) 

retroperitoneal approach for portasystemic de- 
compression [Stoney] 1347 (No) 

series of 20 successful Warren shunts [Thom- 
ford) 584 (My) 

Esophagitis 

reflux, competency test after fundoplication for 
treatment of [Safaie-Shirazi] 221 (Fe) 

Esophagitis, Peptic 

reflux, esophageal stricture 
[Safaie-Shirazi] 629 (My) 

Esophagogastric Junction 

new antireflux procedure at, experimental and 
clinical evaluation [Guarner] 101 (Ja) 

Esophagus 

esophagogastric fistula, complication of com- 
bined operations for esophageal disease 
[Mullen] 826 (Jy) 

more on fundoplication (letter) [Mullen] 1517 
(De) 

unusual foreign body, pull-tab or yellow jacket, 
dead or alive? (letter) [Houston] 1516 (De) 

Exalto-Mann-Williamson Procedure 

serum gastrin and secretin levels after [Tasse] 
1482 (De) 

Exocrine Glands 

apocrine glands and (letter) [Arnold] 847 (Jy) 


secondary to 
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pulmonary bypass, effect of mixing on mea- 
syred arterial oxygen tension [Hanson] 86 

+ (Ja) Is 4 

topical myocardial cooling, intensive laboratory 
investigation [Singh] 1368 (No) 

Extracorporeal Dialysis see Hemodialysis 

Extremities 

en bloc resection of primary melanoma with 
regional lymph node dissection [Fortner] 
674 (My) 

natural history of bilateral aortofemoral bypass 
grafts for ischemia of lower extremities 
[Malone] 1300 (No) 

noninvasive study of perfusion of, by potassi- 
um 43 scanning [Miyamoto] 58 (Ja) 

severe ischemia, ergotism [Henry] 929 (Au) 

type of compression for reducing venous stasis, 
study of lower extremities during inactive 
reeumbency [Sigel] 171 (Fe) 

Exudates and Transudates 

sterility of intestinal transudate during aortic 
reconstructive procedures [Russell] 402 (Ap) 


F 


Facial Nerve 

intraparotid neurilemoma of [Aston] 757 (Je) 

Fascia 

necrotizing fasciitis complicating dental ex- 
traction (letter) [Richardson] 129 (Ja) 

Fees, Medical 

simple vs complicated surgery, ‘‘doctor’s di- 
lemma” [Warren] 1425 (No) 

Femoral Artery 

bovine heterografts and autogenous veins as 
canine arterial bypass grafts [Weyman] 746 
(Je) 

erossover femorofemoral grafts followed up 5 
years or more [Brief] 1294 (No) 

evaluation of endarterectomy for aortoiliac 
and aortoiliofemoral occlusive disease [Ina- 
hara] 1458 (De) 

intraoperative arteriography during femoral- 
pepliteal bypass [Liddicoat] 839 (Jy) 

natural history of bilateral aortofemoral by- 
pass grafts for ischemia of lower extremities 
[Malone] 1300 (No) 

prognostic indicators in femoropopliteal recon- 
structions [Dean] 1287 (No) 

Femoral Fractures 

current views of hip fracture [Laros] 18 (Ja) 

hip fracture symposium, papers, 18-48 (Ja) 

intertrochanteric, role of complications of fixa- 
tion [Laros] 37 (Ja) 

lateral knee compartment osseous pseudolig- 
amentous instability [Scudese] 198 (Fe) 

subtrochanteric [Shelton] 41 (Ja) 

vascular injuries associated with [Rosental] 
494 (My) 

Femoral Neck Fractures 

primary internal fixation of [Pankovich] 20 
(Ja) 

primary prosthetic 
nesale] 27 (Ja) 

treatment for fixation complications [Albright] 
30 (Ja) 

Femoral Vein 

leiomyosarcoma of, survival for 6 years [Nes- 
bit] 118 (Ja) 

supraceliac pseudoaneurysm of abdominal aorta, 
staged repair employing preliminary axillary- 
femoral bypass [Ernst] 211 (Fe) 

surgical repair of incompetent valve of [Kist- 
ner] 1336 (No) 

Fentanyl Citrate 

spasm and operative cholangiography [Ches- 
sick] 53 (Ja); (letter) [Horn] 1049 (Au) 

Fiberoptics 

endoscopy in treatment of corrosive injury of 
stomach [Chung] 725 (Je) 

placement of guidewire for esophageal dila- 
tion, improved technique [Marco] 1251 (Oc) 

Fibrinogen 

in liver disease (letter) [Fine] (reply) [War- 
dle] 848 (Jy) 

uptake test vs venous scan, radioisotope detec- 
tion of venous thrombosis [Pollak] 613 (My) 

Fibrinolysin 

human, prevention of peritoneal adhesions in 
the rat [Gazzaniga] 429 (Ap) 

Fibroblasts 

isolation and purification of mediators of cell 
proliferation [Kunkel] 884 (Au) 

Fibroma 

fibrous tumor of breast (letter) [Murthy] 128 
(Ja) 


replacement for ([Car- 
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[Lye] 1321 (No) a 
etiologic concepts [Stanley] 561 (My) 

arterial, in adults, renovascular hypertension 
secondary to, criteria for operation and re- 
sults of surgical therapy [Stanley] 922 (Au) 

50 YEARS AGO IN THE ARCHIVES OF SUR- 
GERY 

basal metabolic rates and their relation to end- 
results in thyroid disease, 846 (Jy) 

benign stricture of bile ducts, 1156 (Se) 

endometrial carcinoma of ovary arising in en- 
dometrial tissue in that organ, 26 (Ja) 

obstruction of jejunum, 1503 (De) 

splanchnic anesthesia, analysis of 42 cases, 283 
(Mr) 

treatment of infections and infectious diseases 
with mercurochrome-220 soluble, 470 (My) 

Fistula see also Arteriovenous Fistula; Biliary 
Fistula; Urinary Fistula 

esophagogastric, complication of combined op- 
erations for esophageal disease [Mullen] 826 
(Jy) 

esophagogastric, more on fundoplication (let- 
ter) [Mullen] 1517 (De) 

iatrogenic aortobronchial, occult hemoptysis 
(letter) [Kakos] 352 (Mr) 

Flail Chest see Thoracic Injuries 

Fluoroplex see Fluorouracil 

Fluorouracil 

hepatic artery ligation and cytotoxic infusion 
in treatment of liver neoplasms [Zike] 641 
(My) 

Foreign Bodies 

complications of ornamental Christmas bulb 
ingestion, case report and review of litera- 
ture [Norberg] 1494 (De) 

unusual esophageal, pull-tab or yellow jacket, 
dead or alive? (letter) [Houston] 1516 (De) 

Foreign Medical Graduates 

one with US training reimmigrates to the 
United States (letters) [Tanton, Lakra] 224 
(Fe) 

postgraduate training in US for (letter) [Eg- 
gleston] 352 (Mr) 

Fracture Fixation 

intertrochanteric fractures, role of complica- 
tions of [Laros] 37 (Ja) 

treatment for complications of, femoral neck 
fractures [Albright] 30 (Ja) 

Fracture Fixation, Internal 

primary, of femoral neck fractures [Panko- 
vich] 20 (Ja) 

Fractures see Femoral 
Neck Fractures 

Freezing see Cryogenic Surgery 

Fungi 

microbial growth in lipid emulsions used in 
parenteral nutrition [Melly] 1479 (De) 

Fungus Diseases see Mycoses 


Fractures; Femoral 


Gait 

MacIntosh prosthesis, prospective clinical and 
gait evaluation [Stauffer] 717 (Je) 

Gallbladder see also Cholecystectomy 

canine, bile, effects of proximal gastric vagoto- 
my, truncal vagotomy, and truncal vagotomy 
with pyloroplasty on volume and composi- 
tion [Wilbur] 792 (Jy) 

diagnostic sonography in general 
[Hill] 1089 (Se) 

gallstone ileus in absence of [Lindsey] 448 (Ap) 

physiologic dysfunction, concept of [Griffen] 
369 (Ap) 

Gallium 

citrate Ga 67 imaging in patients with sus- 
pected inflammatory processes [Kumar] 1237 
(Oc) 

Gallstones see Cholelithiasis 

Gangrene 

complications of arteriovenous fistulas for he- 
modialysis [Haimov] 708 (Je) 

Gastrectomy 

management of recurrent ulcer [Lindenauer] 
531 (My) 

new use for catheter duodenostomy, postopera- 
tive enteric alimentation [Oakes] 845 (Jy) 

surgical treatment of gastric carcinoma, region- 
al study of 2,590 patients over 27-year period 
[Inberg] 708 (Je) 

Gastric Fistula see Gastrostomy 


surgery 
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arterial, histopathologic character and current 
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determinations in symptomatic patients befor 


and after standard ulcer operations [Strem 
ple] 875 (Au) , 

serum, and gastric secretion, in human smal 
bowel bypass [Coyle] 1036 (Au) 

serum levels of secretin and, after Exalto 
Mann-Williamson procedure [Tasse] 148! 
(De) 

Gastritis 

acute gastric disease after cutaneous therma 
injury [Czaja] 600 (My) 

diffuse erosive, hemorrhage due to [Stremple 
606 (My) 

fiberoptic endoscopy in treatment of corrosivi 
injury of stomach [Chung] 725 (Je) 

Gastroenterostomy 

management of recurrent ulcer 
531 (My) 

Gastrointestinal Hormones 

serum calcium responses to exogenous secretir 
[Bradley] 1221 (Oc) 

Gastrointestinal Motility 

antiperistaltic ileal segment in prevention of 
ileostomy diarrhea [Cohen] 829 (Jy) 

Gastrointestinal Neoplasms 

alimentary tract carcinomas in Nigerian Igbos 
[Onuigbo] 349 (Mr) 

Gastroscopy 

fiberoptic, in treatment of corrosive injury of 
stomach [Chung] 725 (Je) 

placement of guidewire for esophageal] dilation, 
improved technique [Marco] 1251 (Oc) 

Gastrostomy 

permanent, use of gastrointestinal anastomotic 
stapler [Webster] 658 (My) 

Glass 

complications of ornamental Christmas bulb 
ingestion, case report and review of litera- 
ture [Norberg] 1494 (De) 

Glomerulonephritis 

membranous, initial symptom of gastric car- 
cinoma? [Weintroub] 833 (Jy) 

Glucocorticoids 

effect on experimental gram-negative bac- 
teremic shock [Pitcairn] 1012 (Au) 

Glucose 

metabolic effects of amino acid vs dextrose in- 
fusion in surgical patients [Freeman] 916 
(Au) 

Glucuronidase 

lysosomal enzyme B-, release after hepatie cryo- 
surgery [Nagasue] 713 (Je) 

Graft Rejection 

accelerated human renal allograft [Anderson] 
1230 (Oc) 

Gram Negative Bacteria 

glucocorticoid and antibiotic effeet on experi- 
mental bacteremic shock [Pitcairn] 1012 
(Au) 

Granuloma 

mycotic “pseudotumors” of breast [Salfelder] 
751 (Je) 


“Lindenauer 


Hamartoma 

hamartomatous polyp of esophagus 
826 (Mr) 

Health Manpower 

National Health Service Corps [Martin] 147 
(Fe) 

Heart 

rat homografts, alterations in kinins of coro- 
nary blood from rat heart homografts [Lem- 
mi] 1070 (Se) 

survival of cardiac xenografts, effect of anti- 
thymocyte serum and enhancing heteroanti- 
serum [Corry] 1143 (Se) sv 

Heart Abnormalities See Heart Defects, xon- 
genital 

Heart Arrest 

unusual manifestations of penetrating cardiac 
injuries [Fallah-Nejad] 1357 (No) 

Heart Arrest, Induced 

myocardial perfusion and metabolism at nor- 
mothermie and hypothermic levels [Dono- 
van] 208 (Fe) 

topical myocardial cooling, intensive laboratory ` 
investigation [Singh] 1368 (No: ( 

Heart Atrium 

surgical treatment of atrioventricular canal de- 
fect [Hardesty] 1391 (No) 


[Shah] 
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International Cardiovascular SENHA i 

time in which we dwell [Callow] 1273 ne 

23rd scientific meeting, Boston, June 19-20, 
1975, papers, 1273-1424 (No) 

Interprofessional Relations 

physician, manufacturer, and medical devices 

[Bruner] 1511 (De) 

. Intestinal Motility see Gastrointestinal Motility 

a Intestinal Neoplasms 


a with Wiskott-Aldrich syndrome, surgical 
treatment [Faraci] 218 (Fe) 

E Intestinal Obstruction 

4 adynamic ileus of colon (letter) [Euphrat] 224 
Y gallstone ileus in absence of gallbladder [Lind- 


sey] 448 (Ap) 
gastrointestinal tube stent plication in infants 
and children [Grosfeld] 594 (My) 
gravity as cause of “colon cutoff’ 
[Laufer] 1518 (De) 
Intestinal Perforation 
complications of ornamental Christmas bulb 
ingestion, case report and review of litera- 
ture [Norberg] 1494 (De) 
necrosis and, after renal transplantation [Dem- 
ling] 251 (Mr) 
_ selective massive amyloidosis of small intestine 
[Griffel] 215 (Fe) 
Intestine, Small 
biliary and urinary calculi, pathogenesis follow- 
ing small bowel bypass for obesity [Wise] 
1048 (Au) 
complications of jejunoileal bypass for morbid 
obesity [Jewell] 1039 (Au) 
_ gastric secretion and serum gastrin in human 
small bowl bypass [Coyle] 1036 (Au) 
liver failure after jejunoileal shunt [Andrassy] 
332 (Mr) 
massive resection in neonate, 4-year follow-up 
[Aaronson] 1485 (De) 
selective massive amyloidosis of [Griffel] 215 
(Fe) 
_ sterility of intestinal transndate during aortic 
reconstructive procedures [Russell] 402 (Ap) 
= surgery, morbid obesity, panel by correspon- 
dence [Woodward] 1440 (De) 
Intestines 
intestinal blood flow, evaluation by clearance of 
xenon Xe 133 from canine jejunum [Wilson] 
197 (Jy) 
metabolic intestinal surgery, complications and 
management [Starkloff] 652 (My) 
necrosis and perforation after renal trans- 
plantation [Demling] 251 (Mr) 
Intracellular Fluid see Body Fluids 
Intravenous Feeding see Parenteral Feeding 
Intubation, Gastrointestinal 
gastrointestinal tube stent plication in infants 
and children [Grosfeld] 594 (My) 
new use of catheter duodenostomy, postopera- 
tive enteric alimentation [Oakes] 845 (Jy) 
Ischemia 
complications of arteriovenous fistulas for hem- 


(letter ) 





es odialysis [Haimov] 708 (Je) 

aes noninvasive study of extremity perfusion by 
“ae potassium 43 scanning [Miyamoto] 58 (Ja) 
a of lower extremities, natural history of bilat- 
a eral aortofemoral bypass grafts for [Malone] 
|e r 1300 (No) 


perfusion of ischemic ulcers of the extremity, 
"be prognostic indicator of healing [Siegel] 265 
> (Mr) 








P- % severe extremity, ergotism [Henry] 929 (Au) 
Sa simple method for tissue pressure determina- 
vey tion [Whitesides] 1311 (No) 
pe Islet Cell Tumor, Ulcerogenic see Zollinger 
| i Ellison Syndrome 
4 Isotonic Solutions 
+g crystalline amino acid, positive nitrogen bal- 
_ ance using [Schulte] 914 (Au) 
3 J 
F Jejunum 
y canine, intestinal blood flow, evaluation by 
Ooo clearance of xenon Xe 133 from [Wilson] 797 
` (Jy) 
s compensatory hypertrophy of ileum after gas- 
troduodenojejunal exclusion [Tilson] 309 
(Mr); (letter) [Young] (reply) [Tilson] 
1049 (Au) 


malignant lymphoma of, in patient. with Wis- 
kott-Aldrich syndrome, surgical treatment 
[Faraci] 218 (Fe) 
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malignant lymphoma of jejunum in patient 


bY 
be 


Kidney 

detection and localization of intra-abdominal 
abscesses by diagnostic ultrasound [Friday] 
335 (Mr) 

renal trauma during laparotomy for intra- 
abdominal injury [Cass] 950 (Au) 

renal trauma, treatment by angiographic injec- 
tion of autologous clot [Silber] 206 (Fe) 

Kidney, Artificial see Peritoneal Dialysis 

Kidney Failure, Acute see also Hemodialysis 

after ruptured aneurysm [Powers] 1069, [Ab- 
bott] 1110 (Se) 

complicating ruptured abdominal aortic aneu- 
rysm [Chawla] 521 (My) 

Kidney Failure, Chronic see Hemodialysis 

Kidney Transplantation 

accelerated human renal allograft rejection 
[Anderson] 1230 (Oc) 

antilymphocyte globulin in, nephrotic syn- 
drome and infection as possible complications 
[Michel] 90 (Ja) 

canine kidney preservation for 24 to 72 hours, 
use of intracellular-like perfusate [Aguilo] 
202 (Fe) 

discontinuance of immunosuppression in pa- 
tients after [Owens] 1450 (De) 

in older age group [Delmonico] 1107 (Se) 

intestinal necrosis and perforation after [Dem- 
ling] 251 (Mr) 

intraluminal technique for arteria] occlusion 
during [Merkel] 348 (Mr) 

leukocyte aggregation test, immunodiagnostic 
applications and immunotherapeutic impli- 
cations for [Kahan] 984 (Au) 

organ preservation in success of cadaver trans- 
plants [Toledo-Pereyra] 1031 (Au) 

pediatric cadaver kidneys [Salvatierra] 181 
(Fe) 

successful management of caliceal fistulas fol- 
lowing [Schiff] 1129 (Se) 

urologic problems in [Leary] 1124 (Se) 

Kidney Tubular Necrosis, Acute see Kidney 
Failure, Acute 

Kimura Disease 

subcutaneous angiolymphoid hyperplasia [Kim] 
1246 (Oc) 

Kinins 

of coronary blood from rat heart homografts, 
alterations in [Lemmi] 1070 (Se) 

Knee 

lateral compartment osseous pseudoligamentous 
instability [Scudese] 198 (Fe) 

MacIntosh prosthesis, prospective clinical and 
gait evaluation [Stauffer] 717 (Je) 


L 


Laparoscopy 

injury to ureter during tubal sterilization 
[Irvin] 1501 (De) 

Laparotomy 

for intra-abdominal injury, renal trauma dur- 
ing [Cass] 950 (Au) 

safer, after recent myocardial infarction, new 
application of counterpulsation [Cohen] 116 
(Ja) 

Leg 

calf blood flow in intermittent claudication 
[Jacobs] 1465 (De) 

Leg Ulcer 

ischemic, perfusion of, prognostic indicator of 
healing [Siegel] 265 (Mr) 

Leiomyosarcoma 

of a vein, survival for 6 years [Nesbit] 118 
(Ja) 

Leptospirosis 

acute acalculous cholecystitis, complication of 
other illnesses in childhood [Ternberg] 543 
(My) 

Leukemia 

definitive diagnosis of pulmonary lesion in, 
supportive role of thoracic surgery [Marty] 
1199 (Oc) 

Leukocytes 

leukocyte aggregation test, immunodiagnostic 
applications and immunotherapeutic implica- 
tions for clinical renal transplantation 
[Kahan] 984 (Au) 

Ligaments, Articular 

lateral knee compartment osseous pseudoliga- 
mentous instability [Scudese] 198 (Fe) 





tae, after Seinalea sheat [Andrassy] 332 

Mr 

hepatic reticuloendothelial host defense failure 
following surgical trauma [Scovill] 954 (Au) 

release of lysosomal enzyme -glucuronidase 
a hepatic cryosurgery [Nagasue] 713 
Je) 

rupture from anticoagulant therapy [Roberts] 
1152 (Se) 

spontaneous rupture, hepatic cell adenomas, and 
oral contraeeptives [Ameriks] 548 (My); 
(letter) [Knowles] (reply) [Thompson] 1154 
(Se) 

Liver Abscess 

detection and localization of intra-abdominal 
abscesses by diagnostic ultrasound [Friday] 
335 (Mr) 

Liver Cirrhosis 

conventional splenorenal shunts, reconsideration 
[Pliam] 588 (My) 

end-to-side splenorenal shunt for treatment of 
portal hypertension [Gill] 254 (Mr) 

series of 20 successful Warren shunts [Thom- 
ford] 584 (My) 

Liver Diseases 

fibrinogen in (letter) [Finel] (reply) [Wardle] 
848 (Jy) 

massive spontameous portal-systemic shunting 
without varices [Wexler] 995 (Au) 

Liver Neoplasms 

hepatic artery ligation and cytotoxie infusion 
in treatment of [Zike] 641 (My) 

hepatic cell adenomas, spontaneous liver rup- 
ture, and oral contraceptives [Ameriks] 548 
(My); (letter) [Knowles] (reply) [Thomp- 
son] 1154 (Se) 

Longevity 

long-term survival following coronary artery 
bypass, analysis of 4,522 consecutive pa- 
tients [Reul] 1419 (No) 


* Lower Nephron Nephrosis see Kidney Failure, 


Acute 

Lung 

changes in functional residual capacity after 
operation [Meyers] 576 (My) 

Lung Diseases 

definitive diagnosis of pulmonary lesions in 
leukemia and lymphoma, supportive role of 
thoracic surgery [Marty] 1199 (Oc) 

Lung Neoplasms 

chemotherapy, BCG, and serum from tumor- 
bearing mice, comparative effects on growth 
and spread ef mouse Lewis lung cancer 
[Greager] 901 (Au) 

radiation-induced brachial plexus paralysis 
[Match] 384 (Ap) 

solitary pulmonary nodule, 10-year follow-up 
of VA-Armed Forces Cooperative Study 
[Higgins] 570 (My) 

Lupus Erythematosus, Systemic 

complications of jejunoileal bypass for morbid 
obesity [Jewel] 1039 (Au) 

Lymph Node Excision 

en bloc resection of primary melanoma with 
regional dissection [Fortner] 674 (My) 

Lymphangioma 

subcutaneous anzgiolymphoid hyperplasia (Ki- 
mura disease) "Kim] 1246 (Oc) 

Lymphatic Diseases see Chylothorax 

Lymphatic Metastasis 

carcinoid tumor metastatic to neck [Welling] 
111 (Ja) 

carcinoid tumors with supraclavicular-lymph 
node metastasis (letters) [Feldman] 450 
(Ap), [Welling] 1049 (Au) 

malignant melanoma, patient with unknown 
site of primary origin [Baab] 896 (Au) 

prognosis in colon cancer, pathologic reassess- 
ment [Murray] 908 (Au) 

Lymphocyte Depietion 

by prolonged thoracic duct drainage, skin homo- 
graft survival in humans after [Levine] 736 
(Je) 

Lymphocytes see Antilymphocyte Serum — 


Lymphocytotoxic Antibodies see Antilympho- j 


cyte Serum 

Lymphoma 

definitive diagnosis of pulmonary lesions in, 
supportive role cf thoracic sureeyy [Marty] 
1199 (Oc) 

malignant, of jejunum in patient with KEBA, 
Aldrich syndrome, surgical treatment [Fa- 
raci] 218 (Fe) 


Subject Index 


= 







Blalock-Hanlon procedure, simple transposi- 
tion of great arteries [Herrmann] 1387 (No) 

in adults, surgical management [Bekoe] 960 
(Au 

oe a of tricuspid atresia, Potts-Smith, 
Glenn, and Blalock-Taussig shunts [Wil- 
liams] 1383 (No) 

surgical treatment of atrioventricular canal 
defect [Hardesty] 1391 (No) 

Heart Failure, Congestive 

clinical use of membrane oxygenerator [Pyle] 
966 (Au) 

Heart Injuries 

penetrating, unusual manifestations of [Fal- 
lah-Nejad] 1357 (No) 

Heart-Lung Bypass see Extracorporeal Circu- 
lation 

Heart, Mechanical see Extracorporeal Circula- 
tion 

Heart Surgery 

experimental evaluation of coronary infusates 
in dogs [Raju] 1374 (No) 

in left ventricular power failure, patient selec- 
tion for [Cascade] 1363 (No) 

palliation of tricuspid atresia, Potts-Smith, 
Glenn, and Blalock-Taussig shunts [Wil- 
liams] 1383 (No) 

regional myocardial infarction at operation, 
automated system of identification [Green] 
1416 (No) 

Heart Valve Prosthesis 

mitral valve replacement with Hancock stabil- 
ized glutaraldehyde valve, clinical and labo- 
ratory evaluation [Buch] 1408 (No) 

replacement in children [Stansell] 1397 (No) 

Heart Ventricle 

current surgical management of left ventric- 
ular aneurysm [Najafi] 1027 (Au) 

patient, selection for cardiac surgery in left 
ventricular power failure [Cascade] 1363 
(No) 

surgical treatment of atrioventricular canal de- 
fect [Hardesty] 1391 (No) 

Hemodialysis 

acute renal failure complicating ruptured ab- 
dominal aortic aneurysm [Chawla] 521 (My) 

axillary-axillary bovine arteriovenus fistula for 
[Manning] 114 (Ja) 

complications of arteriovenous fistulas for [Hai- 
mov] 708 (Je) 

renal failure after ruptured aneurysm [Abbott] 
1110 (Se) 

venous atherosclerosis associated with arterio- 
venous fistulas for [Stehbens] 176 (Fe) 

Hemodynamics 

cardiorespiratory responses to dextran 40 
[Matsuda] 296 (Mr) 

survivers’ and nomsurvivors’ responses to dex- 
tran 40 [Matsuda] 301 (Mr) 

Hemoperitoneum 

serious complications after umbilical artery 
catheterization for neonatal monitoring 
[Marsh] 1203 (Oc) 

Hemoptysis 

occult, iatrogenic aortobronchial fistula (letter) 
[Kakos] 352 (Mr) 

Hemorrhage 

diagnostic tap of hernial sac (letter) [Cardan] 
128 (Ja) 

renal trauma, treatment by angiographic in- 
jection of autologous clot [Silber] 206 (Fe) 

Hemorrhage, Gastrointestinal 

complications of ornamental Christmas bulb in- 
gestion, case report and review of litera- 
ture [Norberg] 1494 (De) 

due to diffuse erosive gastritis [Stremple] 606 
(My) 

occult bleeding, evaluation of available diag- 
nostic methods [Richardson] 661 (My) 

upper, electrocoagulation of ([Sugawa] 975 


Hemorrhoids 

catheterization in anorectal surgery [Scoma] 
1506 (De) 

Heparin 

inferior vena cava interruption, new indica- 
tion? [Pgllak] 1008 (Au) 
w-dose, # postoperative patients, prospective, 
coded study [Covey] 1021 (Au) 

unit, source of medical misunderstanding (let- 
ter) [Gervin] 761 (Je) 
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ligation and cytotoxic infusion in treatment 
iver neo lasms [Zike] 641 (My) > 


Hepatic Cirrhosis see Liver Cirrhosis 


Hepatic Coma 

liver failure after jejunoileal shunt [Andrassy] 
332 (Mr) 

Hepatolenticular Degeneration 

series of 20 successful Warren shunts [Thom- 
ford] 584 (My) 

Hereditary Diseases 

breast cancer genetics and cancer control, tu- 
mor association [Lynch] 1227 (Oc) 

Hernia see also Diaphragmatic Hernia; Ingui- 
nal Hernia 

diagnostic tap of hernial sac (letter) [Cardan] 
128 (Ja) 

Hexadecadrol see Dexamethasone 

Hiatal Hernia see Diaphragmatic Hernia 

Hip see Femoral Fractures; Femoral Neck 
Fractures 

Hirschsprung Disease see Megacolon 

Histiocytes 

prognosis in colon cancer, pathologic reassess- 
ment [Murray] 908 (Au) 

Histocompatibility Antigens 

and solid malignant neoplasms [Tarpley] 269 
(Mr) 

multiple primary malignant neoplasms, search 
for an immunogenetic basis [Dellon] 156 (Fe) 

Histoplasmosis 

mycotic “‘pseudotumors” 
751 (Je) 

History 

Samual Prescott, physician-patriot [Mulliken] 
375 (Ap) 

HL-A see Histocompatibility Antigens 

Home Care Services 

successful long-term intravenous hyperalimen- 
tation in hospital and at home [Bordos] 439 
(Ap) 

Homicide 

abortion vs manslaughter [Stubblefield] 790 
(Jy) 

House Calls 

surgical [Warren] 871 (Au) 

Hydrochloric Acid 

in correction of metabolic alkalosis [Harken] 
819 (Jy) 

Hydrogen lon Concentration 

continuous percutaneous monitoring of muscle 
pH and oxygen pressure [Wakabayashi] 802 
(Jy) 

Hypercalemia 

immobilization crisis [Henke] 321 (Mr) 

Hyperparathyroidism 

success rate of cervical exploration for [Sata- 
va] 625 (My) 

surgical aspects of [Palmer] 1004 (Au) 

Hyperplasia 

subeutaneous angiolymphoid (Kimura disease) 
[Kim] 1246 (Oc) 

Hypertension, Portal 

end-to-side splenorenal shunt for treatment of 
[Gill] 254 (Mr) 

massive spontaneous portal-systemic shunting 
without varices [Wexler] 995 (Au) 

series of 20 successful Warren shunts [Thom- 
ford] 584 (My) 

Hypertension, Renal 

aortorenal arterial autografts, late observations 
[Lye] 1321 (No) 

posttraumatic rena] artery stenosis, cure of hy- 
pertension by late revascularization [Dep- 
ner] 1150 (Se) 

renovascular hypertension secondary to arterial 
fibrodysplasia in adults, criteria for opera- 
tion and results of surgical therapy [Stanley] 
922 (Au) 

Hyperthermia, Malignant see Malignant Hy- 
perthermia 

Hyperthyroidism 

application of ultrasound to study of thyroid 
enlargement, management of 450 cases [Ro- 
sen] 940 (Au) 

Hypophysectomy 

in metastatic breast cancer [VanGilder] 293 
(Mr) 

Hypothermia, Induced see also Cryogenic 
Surgery 

myocardial perfusion and metabolism at nor- 
mothermic and hypothermic levels [Dono- 
van] 208 (Fe) 

topical myocardial cooling, intensive laboratory 
investigation [Singh] 1368 (No) 

Hypoxia see Anoxia 


of breast [Salfelder] 
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lleitis, Regional see Enteritis, Regional 

lleitis, Terminal see Enteritis, Regional j 

Ileocolitis see Enteritis, Regional 

lleostomy 

antiperistaltic ileal segment in prevention of 
diarrhea complicating [Cohen] 829 (Jy) 

diarrhea of [Brooke] 781 (Jy) 

ileum see also lleostomy 

compensatory hypertrophy of, after gastro- 
duodenojejunal exclusion [Tilson] 309 (Mr); 
(letter) [Young] (reply) [Tilson] 1049 (Au) 

ileus see Intestinal Obstruction 

Iliac Artery 

aortorenal arterial autografts, 
tions [Lye] 1321 (No) 

crossover femorofemoral grafts followed up 5 
years or more [Brief] 1294 (No) 

evaluation of endarterectomy for aortoiliac and 
aortoiliofemoral occlusive disease [Inahara] 
1458 (De) 

Immigration see Emigration and Immigration 

Immobilization 

hypercaleemic crisis of [Henke] 321 (Mr) 

Immune Serums : 

survival of cardiac xenografts, effect of anfi- 
thymocyte serum and enhancing heteroan- 
tiserum [Corry] 1143 (Se) 

Immunity 

hepatic reticuloendothelial host defense failure 


late observa- 


following surgical trauma [Scovill] 954 (Au) © 


phytohemagglutinin-stimulated immune me- 


sponse, assay in colorectal carcinoma patients — 


[Kaplan] 1217 (Oc) 
Immunity, Cellular 
multiple primary malignant neoplasms, search 
for an immunogenetic basis [Dellon] 156 (Fe) 
Immunogenetics 


multiple primary malignant neoplasms, search 


for basis [Dellon] 156 (Fe) 
Immunosuppression see also Antilymphocyte 
Serum 
skin homograft survival in humans after ini 


phocyte depletion by prolonged thoracie duct ay 


drainage [Levine] 736 (Je) 

Immunosuppressive Agents see also Anti- 
lymphocyte Serum 

discontinuance in renal transplant patients 
[Owens] 1450 (De) 

intestinal necrosis and perforation after renal 
transplantation [Demling] 251 (Mr) 

Indium 

radionuclide photoscanning, usefulness in pre- 
operative evaluation of melanoma patients 
[Roth] 1211 (Oc) 

Infant, Newborn 

bilateral spontaneous chylothorax of [Bensous- 
san] 1248 (Oc) 

massive small bowel resection in neonate, 4- 
year follow-up [Aaronson] 1485 (De) 

neonatal necrotizing enterocolitis, evolution of 
new principles in management [Wayne] 476 
(My) 

serious complications after umbilical artery 
catheterization for neonatal monitoring 
[Marsh] 1203 (Oc) 

Infarction see also Myocardial Infarct 

successful management of caliceal fistulas fol- 
lowing renal transplantation [Schiff] 1129 
(Se) 

Infection 

antilymphocyte globulin in renal transplanta- 
tion, possible complication [Michel] 90 (Ja) 

experience with infected aneurysms of ab- 
dominal aorta [Jarrett] 1281 (No) 

gallium citrate Ga 67 imaging in patients with 
suspected inflammatory processes [Kumar] 
1237 (Oc) 

Inflammation 

gallium citrate Ga 67 imaging in patients with 
suspected inflammatory processes [Kumar] 
1287 (Oc) 

Infusions, Parenteral 

positive nitrogen balance using isotonic crystal- 
line amino acid solution [Schulte] 914 (Am) 

Inguinal Hernia 

recurrence after preperitoneal herniorrhaphy 
in adult [Read] 666 (My) 

Injuries see Wounds and Injuries 

Insect Bites and Stings 

unusual esophageal foreign body, pull-tab or 
yellow jacket, dead or alive? (letter) [Hous- 
ton] 1516 (De) 

Intermittent Claudication 

calf blood flow in [Jacobs] 1465 (De) 
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Lyso 


after hey atic 
(Je) 
Lysozyme see Gridi 


Mafenide Acetate 

preparations in burns, studies of pain pro- 
duced by [Harrison] 1446 (De) 

Malignant Hyperthermia 

associated with enflurane anesthesia [Caro- 
preso] 1491 (De) 

Manslaughter see Homicide 

Mass Screening 

implications of suspicious fimdings in breast 
cancer screening [Lewis] 908 (Au) 

Mastectomy 

lobular carcinoma of breast in situ, are we too 
radical in its treatment? [Dall’Olmo] 537 
(My) 

radical, primary closure of [Lambert] 843 (Jy) 

reconstruction after [Goldwyn] 246 (Mr) 

Meckel Diverticulum 

inversion of (letter) [Kiprov] 1154 (Se) 

Mediastinal Neoplasms 

dumbbell neuroblastomas in children [King] 
888 (Au) 

Mediastinitis - 

sclerosing, sclerosing cervicitis, homologue of 
[Rice] 120 (Ja) 

Mediastinoscopy 

technique of (letter) [Keshishian] 128 (Ja) 

Medical Audit 

measure of a surgeon [Campbell] 464 (My) 

Megacolon 

rectal myectomy in Hirschsprwng disease, dec- 
ade of experience [Lynn] 9% (Au) 

Melanoma 

malignant, patient with unknown site of pri- 
mary origin [Baab] 896 (Aw) 

primary, en bloc resection witk regional lymph 
node dissection [Fortner] 674 (My) 

radionuclide photoscanning, usefulness in pre- 
operative evaluation of [Roth] 1211 (Oc) 

Mesenteric Vascular Occlusion 

intestinal blood flow, evaluation by clearance 
of xenon Xe 133 from canine jejunum [Wil- 
son] 797 (Jy) 

Mesentery 

antimesenteric slit (letter) [Braslow] (reply) 
[Fischer] 450 (Ap) 

Metabolism 

metabolic effects of amino acid vs dextrose in- 
fusion in surgical patients [Freeman] 916 
(Au) 

Metastasis see Neoplasm Metastasis 

Methylprednisolone 

leukocyte aggregation test, immunodiagnostic 
applications and immunotherapeutic implica- 
tions for clinica] renal transplantation [Ka- 
han] 984 (Au) 

prevention of peritoneal adhesions in the rat 
[Gazzaniga] 429 (Ap) 

Mice 

Pseudomonas aeruginosa infection after treat- 
ment with cyclophosphamide in [Grogan] 
1478 (De) 

tumor-bearing, chemotherapy, BCG, and serum 
from, comparative effects om growth and 
spread of mouse Lewis lung cancer [Greager] 

901 (Au) 

Microsurgery 

ultrasound evaluation 
[Van Beek] 945 (Au) 

Military Personnel 

solitary pulmonary nodule, 10-year follow-up of 
VA-Armed Forces Cooperative Study [Hig- 
gins] 570 (My) 

Mitral Valve 

replacement with Hancock stabilized glutaral- 
dehyde valve, clinical and laboratory evalua- 
tion [Buch] 1408 (No) 

Monitoring Systems 

continuous percutaneous, of muscle pH and 
oxygen pressure [Wakabayashi] 802 (Jy) 

Muramidase 

serum prognostic indicators im experimental 
zen a peritonitis [Sharbaugh] 1146 
(Se 


of microanastomosis 


Murder ske Homicide 


Muscle, Smooth 


rectal myectomy in Hirschsprung disease, dec- 


ade of experience [Lynn] 991 (Au) 
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tion [Whitesides] 1311 (No) 

Mycoses 

mycotic “‘pseudotumors”’ 
751 (Je) 

Mycotic Aneurysm see Aneurysm, Mycotic 

Myocardial Infarct 

patient selection for cardiae surgery in left 
ventricular power failure [Cascade] 1363 
(No) 

postinfarction ventricular aneurysm [Printup] 
1184 (Oc) 

recent, safer laparotomy after, new application 
of counterpulsation [Cohen] 116 (Ja) 

regional, at operation, automated system of 
identification [Green] 1416 (No) 

unusual manifestations of penetrating cardiac 
injuries [Fallah-Nejad] 1357 (No) 

Myocardium 

experimental evaluation of coronary infusates 
in dogs [Raju] 1374 (No) 

perfusion and metabolism at normothermic and 
hypothermic levels [Donovan] 208 (Fe) 

topical cooling, intensive laboratory investiga- 
tion [Singh] 1368 (No) 


of breast [Salfelder] 


National Health Service Corps 

establishment, activities [Martin] 147 (Fe) 

Neck Neoplasms 

carcinoid tumor metastatic to neck [Welling] 
111 (Ja) 

carcinoid tumors with supraclavicular-lymph 
node metastasis (letters) [Feldman] 450 
(Ap), [Welling] 1049 (Au) 

Necrosis 

intestinal perforation and, after renal trans- 
plantation [Demling] 251 (Mr) 

necrotizing fasciitis complicating dental ex- 
traction (letter) [Richardson] 129 (Ja) 

neonatal necrotizing enterocolitis, evolution of 
new principles in management [Wayne] 
476 (My) 

Needles 

reversed-action holder [Abramson] 759 (Je) 

Negroes 

alimentary tract carcinomas in Nigerian Igbos 
[Onuigbo] 349 (Mr) 

Neoplasm Metastasis 

acinic cell carcinoma, collective review, includ- 
ing bilateral cases [Levin] 64 (Ja) 

breast carcinoma, bilateral adrenalectomy for 
[Brown] 77 (Ja); more on (letter) [Leung] 
1517 (De) 

carcinoid tumor metastatic to neck [Welling] 
111 (Ja) 

hypophysectomy in metastatic breast cancer 
[VanGilder] 293 (Mr) 

Neoplasms see also Antineoplastic Agents 

hemipelvectomy [Douglass] 82 (Ja); (letter) 
[Hawk] 761 (Je) 

solid malignant, histocompatibility antigens 
and [Tarpley] 269 (Mr) 

surgeons and cancer [DeCosse] 370 (Ap) 

Neoplasms, Multiple Primary 

malignant, search for an immunogenetic basis 
[Dellon] 156 (Fe) 

Neoplasms, Vascular Tissue 

leiomyosarcoma of a vein, survival for 6 years 
[Nesbit] 118 (Ja) 

Nephrotic Syndrome 

antilymphocyte globulin in renal transplanta- 
tion, possible complication [Michel] 90 (Ja) 

Nerve Tissue 

simple method for tissue pressure determina- 
tion [Whitesides] 1311 (No) 

Neurilemmoma 

intraparotid, of facial nerve [Aston] 757 (Je) 

Neuroblastoma 

dumbbell, in children [King] 888 (Au) 

NEWS AND COMMENT 

132 (Ja), 356 (Mr), 766 (Je), 1159 (Se) 

Nitrogen 

balance in postoperative patients receiving par- 
enteral nutrition [Van Way] 272 (Mr); (let- 
ter [Clark] (reply) [Van Way] 1256 (Oc) 

positive balance using isotonic crystalline ami- 
no acid solution [Schulte] 914 (Au) 


o 


Obesity 
biliary and urinary calculi, pathogenesis follow- 
ing small bowel bypass for [Wise] 1043 (Au) 


RR i bes! 
d oxy “pereuta gas 

G ; monii oring of [Wakabayashi] 802 (Jy) | 
Wy simple “method for tissue pressure determina- 


o> ga onti nued i 


-small bowel Salter Coyle] 1036 rhs 






| liyer failure after jejunoileal shunt aar ae 


332 (Mr) 

metabolic intestinal surgery, complications and 
management [Starkloff] 652 (My) 

morbid, complications of jejunoileal bypass for 
[Jewell] 1039 (Au) 

morbid, panel by correspondence [Woodward] 
1440 (De) 

Occlusive Dressings 

type of compression for reducing venous stasis, 
study of lower extremities during inactive 
recumbency [Sigel] 171 (Fe) 

what kind of elastic stocking? (letter) [Sigel] 
449 (Ap) 

Occult Blood 

gastrointestinal bleeding, evaluation of avail- 
able diagnostic methods [Richardson] 661 
(My) 

hemoptysis, 
(letter) [Kakos] 352 (Mr) 

Oddi Sphincter see Vater Ampulla 

Oliguria see Anuria 

Ophthalmic Artery 


blood pressures measured by ocular plethysmo- _ 


dynamography [Sand] 813 (Jy), (letters) 


[Oller] 1516, [Carney] (reply) [Sand, Gee] 


1518 (De) 
Ophthalmodynamometry 


ophthalmic arterial blood pressures measured by __ 
ocular plethysmodynamography [Sand] 813 — 


(Jy), (letters) [Oller] 1516, [Carney] (re- 
ply) (Sand, Gee] 1518 (De) 

Organ Preservation see Tissue Preservation 

Oxygen 

pressure, continuous percutaneous monitoring 
of muscle pH and [Wakabayashi] 802 (Jy) 

Oxygen Deficiency see Anoxia 

Oxygenators, Membrane 

clinical use of [Pyle] 966 (Au) 


p 


Pacemaker, Artificial 

implantable, in children [Marco] 880 (Au) 

rechargeable, clinical evaluation in 25 patients 
[Love] 1186 (Oc) 

Pain 

produced by mafenide acetate preparations in 
burns, studies of [Harrison] 1446 (De) 

Pancreas 


exocrine insufficiency, enzyme content of com- 
[Pairent] 


mercial pancreatic supplements 
739 (Je) 

operative choice and technique following pan- 
creatic injury [Anane-Sefah] 161 (Fe) 

pancreatoduodenectomy for combined pancere- 
atoduodenal injuries [Yellin] 1177 (Oc) 

pancreatoduodenectomy, results when opera- 
tion is performed infrequently [Bloom] 1455 
(De) 

pseudocysts of, review of 71 cases [van Heer- 
den] 500 (My) 

Pancreatectomy 

total, further evaluation of [Pliam] 506 (My) 

Pancreatic Extracts 

pancreatic exocrine insufficiency, enzyme con- 


tent of commercial pancreatic supplements 


[Pairent] 739 (Je) 

PANEL BY CORRESPONDENCE 

antibiotics in surgery [Hunt] 148 (Fe) 

carcinoma of thyroid [DeCosse] 783 (Jy) 

morbid obesity [Woodward] 1440 (De) 

Paralysis 

brachial plexus, radiation-induced [Match] 384 
(Ap) 

Parathyroid Glands 

human, autotransplantation, proved function 
by radioimmunoassay of plasma parathyroid 
hormone [Hickey] 892 (Au) 

management of, in surgery for medullary thy- 
roid carcinoma [Block] 617 (My) 

surgical aspects of hyperparathyroidism [Palm- 
er] 1004 (Au) 

Parathyroid Hormone 

plasma, human parathyroid autotransplanta- 
tion, proved function by radioimmunoassay 
of [Hickey] 892 (Au) 

Parenteral Feeding see also Tube Feeding 

metabolic effects of amino acid vs dextrose in- 
fusion in surgical patients [Freeman] 916 
(Au) 

microbial growth in lipid emulsions used in 
parenteral nutrition [Melly] 1479 (De) 
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ceiying parenteral nutrition [Van Way] 272 
(Mr); (letter) [Clark] (reply) [Van Way 
1256 (Oc) 

successful long-term intravenous hyperalimen- 
tation in hospital and at home [Bordos] 439 





E SEP? iin : 
’ total, digestive tract in [Koga] 742 (Je) 
n} total intravenous nutrition with peripherally 
; inserted silicone elastomer central venous 
Re cathetérs [Hoshal] 644 (My) 
E: Parenteral Hyperalimentation see Parenteral 
$ Feeding 
p Parenteral Infusions see Infusions, Parenteral 
F' Parotid Neoplasms 
e. acinic cell carcinoma, collective review, includ- 
a ing bilateral cases [Levin] 64 (Ja) 
=_=, intraparotid neurilemoma of facial nerve [As- 
TE ton] 757 (Je) 
== Peer Review 
SON .measure of a surgeon [Campbell] 464 (My) 
= Pewis 
e. hemipelvectomy [Douglass] 82 (Ja); (letter) 
E: [Hawk] 761 (Je) 
-Peptic Ulcer 
=== recurrent, management of [Lindenauer] 531 
aia (My) 
Pans serum gastrin and secretin levels after Exalto- 
Bc Mann-Williamson procedure [Tasse] 1482 
Eyr Peptic Ulcer Perforation 
Br acute duodenal, evaluation of surgical manage- 
ment [Sawyers] 527 (My) 
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duodenal, role of definitive surgery in manage- 
ment of [Kirkpatrick] 1016 (Au) 

Perfusion 

extremity, noninvasive study by potassium 43 
scanning [Miyamoto] 58 (Ja) 

of ischemic ulcers of the extremity, prognostic 
indicator of healing [Siegel] 265 (Mr) 

retrograde aortic, by partial cardiopulmonary 
bypass, effect of mixing on measured arterial 
oxygen tension [Hanson] 86 (Ja) 

Periodicals 

organ or organism? [Warren] 695 (Je) 


_ Peristalsis see Gastrointestinal Motility 


Peritoneal Dialysis 

renal failure after ruptured aneurysm [Abbott] 
1110 (Se) 

Peritoneum 

prevention of peritoneal adhesions in the rat, 
effects of dexemethasone, methylprednisolone, 
promethazine, and human fibrinolysin [Gaz- 
zaniga] 429 (Ap) 

recurrence after preperitoneal herniorrhaphy 
in adult [Read] 666 (My) 

Peritonitis 

advanced generalized bacterial, radical surgical 
debridement in treatment of [Hudspeth] 1233 
(Oc) 

experimental Bacteroides, serum prognostic in- 
dieators in [Sharbaugh] 1146 (Se) 

sclerosing cervicitis, homologue of sclerosing 
retroperitonitis and mediastinitis [Rice] 120 

(Ja) 

Phenergan see Promethazine 

Phiebitis 

surgical repair of incompetent femoral vein 
valve [Kistner] 1336 (No) 

Phiebography 

surgical repair of incompetent femoral vein 
valve [Kistner] 1336 (No) 

Phiegmasia Alba Dolens see Thrombophlebitis 

Physicians 

manufacturer, medical devices and [Bruner] 
1511 (De) 

Phytohemagglutinins 

immune response stimulated by, assay in colo- 
rectal carcinoma patients [Kaplan] 1217 (Oc) 

Pituitary Gland see Hypophysectomy 

Platelets see Blood Platelets 

Piethysmodynamography see Ophthalmody- 
namometry 

Pneumothorax 

bilateral spontaneous chylothorax of newborn 
[Bensoussan] 1243 (Oc) 

Polyethylene Terephthalate 

host response to implanted Dacron grafts, com- 
parison between mesh and velour [Tilney] 
1469 (De) 

Polyps 

hamartomatous, of esophagus [Shah] 326 (Mr) 

Popliteal Artery 

injuries, surgical treatment of [Conkle] 1351 
(No) 
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popliteal Pais [Liddicoat] 839 KG) Ai 


prognostic indicators in femoropopliteal re i, 


constructions [Dean] 1287 (No) 


Portal System 

massive spontaneous portal-systemic shunting 
without varices [Wexler] 995 (Au) 

Portal Vein 

retroperitoneal approach for portasystemic de- 
compression [Stoney] 1347 (No) 

Positive-Pressure Respiration 

treatment of flail chest, use of intermittent 
mandatory ventilation and positive end-ex- 
piratory pressure [Cullen] 1099 (Se) 

variability of effect of positive end expiratory 
pressure [Horton] 395 (Ap) 

Postoperative Care 

inappropriate use of diuretics in surgical pa- 
tients [Powers] 1439 (De) 

low-dose heparin in postoperative patients, pros- 
pective, coded study [Covey] 1021 (Au) 

metabolic effects of amino acid vs dextrose in- 
fusion in surgical patients [Freeman] 916 
(Au) 

Postoperative Complications 

antibiotics in surgery [Hunt] 148 (Fe) 

biliary and urinary calculi, pathogenesis follow- 
ing small bowel bypass for obesity [Wise] 
1043 (Au) 

changes in functional residual capacity of lung 
after operation [Meyers] 576 (My) 

complications of jejunoileal bypass for morbid 
obesity [Jewell] 1039 (Au) 

esophagogastric fistula, complication of com- 
bined operations for esophageal disease [Mul- 
len] 826 (Jy) 

gallium citrate Ga 67 imaging in patients with 
suspected inflammatory processes [Kumar] 
1237 (Oc) 

hepatic reticuloendothelial host defense failure 
following surgical trauma [Scovill] 954 (Au) 

late thrombosis affecting one limb of aortic bi- 
furcation graft [Najafi] 409 (Ap); (letter) 
[Gaylis] 1155, (reply) [Najafi] 1156 (Se) 

nitrogen balance in postoperative patients re- 
ceiving parenteral nutrition [Van Way] 272 
(Mr); (letter) [Clark] (reply) [Van Way] 
1256 (Oc) 

prevention of peritoneal adhesions in the rat, 
effects of dexamethasone, methylprednisolone, 
promethazine, and human fibrinolysin [Gaz- 
zaniga] 429 (Ap) 

Potassium 

43, noninvasive study of extremity perfusion 
by scanning with [Miyamoto] 58 (Ja) 

Prescott, Samuel (1751-c.1777) 

physician-patriot [Mulliken] 875 (Ap) 

Pressure 

retroperitoneal approach for portasystemic de- 
compression [Stoney] 1347 (No) 

simple method for tissue pressure determina- 
tion [Whitesides] 1311 (No) 

Prognosis 

in colon cancer, pathologic reassessment [Mur- 
ray] 908 (Au) 

Progressive Lenticular Degeneration see Hep- 
atolenticular Degeneration 

Promethazine 

prevention of peritoneal adhesions in the rat 
[Gazzaniga] 429 (Ap) 

Prosthesis 

host response to implanted Dacron grafts, 
comparison between mesh and velour [Til- 
ney] 1469 (De) 

primary prosthetic replacement for femoral 
neck fractures [Carnesale] 27 (Ja) 

quality of hope for amputee [Friedmann] 760 
(Je) 

Pseudomonas Infection 

P aeruginosa, in mice after treatment with 
cyclophosphamide [Grogan] 1473 (De) 

Pseudosclerosis see Hepatolenticular Degen- 
eration 

Pulmonary Circulation see Ventilation-Perfu- 
sion Ratio 

Pulmonary Coin Lesion see Coin Lesion, Pul- 
monary 

Pulmonary Diseases see Lung Diseases 

Pulmonary Embolism 

low-dose heparin in postoperative patients, 
prospective, coded study [Covey] 1021 (Au) 

Pulmonary Nodule, Solitary see Coin Lesion, 
Pulmonary 

Puncture Biopsy see Biopsy, Needle 









vag Rony and pyloroplasty for duodenal 
ulcer [Brooks] 822 (Jy) 
Pyridinol Carbamate : 
progression of occlusive atherosclerosis, long- 
term administration of [Redisch] 258 (Mr) 


Radiation Injuries 

radiation-induced brachial 
[Match] 384 (Ap) 

Radioimmunoassay 

of plasma parathyroid hormone, human para- 
thyroid autotransplantation, proved function 
by [Hickey] 892 (Au) 

Radioisotope Scanning 

detection of venous thrombosis, venous scan 
vs fibrinogen uptake test [Pollak] 613 (My) 

gallium citrate Ga 67 imaging in patients with 
suspected inflammatory processes [Kumar] 
1237 (Oc) 

potassium 438, noninvasive study of extremity 
perfusion by [Miyamoto] 58 (Ja) 

radionuclide photoscanning, usefulness in pre- 
operative evaluation of melanoma patients 
[Roth] 1211 (Oc) 

Raynaud Disease 

blood viscosity, plasma proteins, and [Tietjen] 
1343 (No) 

Receptors, Adrenergic 

in urinary tract, some clinical implications of 
[Caine] 247 (Mr) 

Rectal Neoplasms 

phytohemagglutinin-stimulated immune re- 
sponse, assay in colorectal carcinoma patients 
[Kaplan] 1217 (Oc) 

selected, posterior resection of [Klingensmith] 
647 (My) 

Rectal Prolapse 

transsacral repair of [Hagihara] 343 ( Mr) 

Rectum 

catheterization in anorectal surgery [Scoma] 
1506 (De) 

rectal myectomy in Hirschsprung disease, dec- 
ade of experience [Lynn] 991 (Au) 

rectovaginal separation operation after ‘“‘cut- 
back” procedure for anorectal anomalies 
(Burrington] 471 (My) 

use of mechanical suturing apparatus in low 
colorectal anastomosis [Fain] 1079 (Se) 

Refrigeration see Hypothermia, Induced 


plexus paralysis 


Reimplantation 

ultrasound evaluation of mieroanastomosis 
[Van Beek] 945 (Au) 

Renal Artery 

aneurysms, significance of macroaneurysms 


exclusive of dissections and fibrodysplastic 
mural dilations [Stanley] 1327 (No) 

aortorenal arterial autografts, late observations 
[Lye] 1321 (No) 

arteriovenous fistula treated by endofistulor- 
rhaphy [Ehrlich] 1195 (Oc) 

renovascular hypertension secondary to arterial 
fibrodysplasia in adults, criteria for opera- 
tion and results of surgical therapy [Stanley] 
922 (Au) 

Renal Artery Obstruction 

posttraumatic renal artery stenosis, cure of 
hypertension by late revascularization [Dep- 
ner] 1150 (Se) 

Renal Artery Stenosis see Renal Artery Ob- 
struction 

Renal Failure, Acute see Kidney Failure, Acute 

Renal Vein 

arteriovenous fistula treated by endofistulor- 
rhaphy [Ehrlich] 1195 (Oc) 

conventional splenorenal shunts, 
tion [Pliam] 588 (My) 

end-to-side splenorenal shunt for treatment of 
portal hypertension [Gill] 254 (Mr) 

series of 20 successful Warren shunts [Thom- 
ford] 584 (My) 

Respiration, Artificial 

weaning from mechanical] breathing with in- 
termittent mandatory ventilation [Klein] 345 
(Mr) 

Respiratory Acidosis see Acidosis, Respira- 
tory 

Respiratory Distress Syndrome \ e 

serious complications after umbilical artery 
catheterization for neonatal monitoring 
[Marsh] 1203 (Oc) 


reconsidera- 
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Respiratory Insufficiency a i 

treatment of flail chest, use of intermittent 
mandatory ventilation and positive end-ex- 
piratory pressure [Cullen] 1099 (Se) 
ariability of effect of positive end expiratory 
pressure [Horton] 395 (Ap) 

Respiratory System 

cardiorespiratory response te dextran 40, hemo- 
dynamic and oxygen transport changes in 
normal subjects and critically ill patients 
[Matsuda] 296 (Mr) 

survivors’ and nonsurvivors’ responses to dex- 
tran 40, hemodynamic and oxygen transport 
changes in critically ill patients [Matsuda] 
301 (Mr) 

Rest 

type of compression for redueing venous stasis, 
study of lower extremities during inactive 
recumbency [Sigel] 171 (Fe) 

Reticuloendothelial System 

hepatic reticuloendothelial hest defense failure 
following surgical trauma |Scovill] 954 (Au) 

Retinal Artery 

emboli, indications for angiography and ca- 
rotid endarterectomy [Tompkins] 1075 (Se) 

Retroperitoneal Neoplasms 

dumbbell neuroblastomas im children [King] 
888 (Au) 

Retroperitoneal Space 

approach for portasystemic decompression via 
[Stoney] 1347 (No) 

sclerosing cervicitis, homologue of sclerosing 
retroperitonitis and mediastinitis [Rice] 120 
(Ja) 

Revere, Paul (1735-1818) 

Samuel Prescott, physician-patriot [Mulliken] 
375 (Ap) 

Rheomacrodex see Dextran 40 

Ribs 

split rib technique, approach to thoracic cavity 


pH and oxygen pressure [Wakabayashi] 802 
(Jy) 

cyclic AMP response to epinephrine and [Mc- 
Ardle] 316 (Mr) 

Silicone Elastomers 

total intravenous nutrition with peripherally 
inserted central venous catheters [Hoshal] 
644 (My) 

Skin Neoplasms 

en bloc resection of primary melanoma with 
regional lymph node dissection [Fortner] 
674 (My) 

Skin Transplantation 

electrosurgical excision of full-thickness burns 
[Lewis] 191 (Fe) 

homograft survival in humans after lympho- 
cyte depletion by prolonged thoracic duct 
drainage [Levine] 736 (Je) 

thickness of skin graft blade (letter) [Gaston] 
(reply) [Goldwyn] 450 (Ap) 

Skin Ulcer 

ischemic, of extremity, perfusion of, prognostic 
indicator of healing [Siegel] 265 (Mr) 

Societies, Medical 

too many meetings? [Fonkalsrud] 463 (My) 

Southern California Chapter of the American 
College of Surgeons 

annual meeting, Jan 17-19, 1975, papers, 792- 
818 (Jy), 1070-1098 (Se), 1177-1220 (Oc) 

Spasm 

and operative cholangiography [Chessick] 53 
(Ja): (letters) [Robertson] 450 (Ap), [Hey- 
mann, Mostert, Chessick] 847 (Jy), [Horn] 
1049 (Au) 

pseudo-obstruction of common duct in opera- 
tive cholangiography [Scholz] 17 (Ja) 

Specialism 

specialization and superspecialization in sur- 
gery (letter) [Berguer] 224 (Fe) 

Spermatic Cord 

short, staged orchiorrhaphy, therapeutic proce- 


al study of 2,590 patients over 27-year period 
[Inberg] 703 (Je) . 

Stomach Ulcer 

acute gastric disease after cutaneous thermal 
injury [Czaja] 600 (My) 

Streptococcal Infections 

clinical manifestations of 
[Abu-Dallo] 281 (Mr) 

Subclavian Artery 

patch angioplasty, treatment of infants and 
young children with aorta coarctation [Thi- 
bault] 1095 (Se) 

proximal subelavian artery occlusion, retro- 
elavicular common carotid axillary bypass 
[Pierandozzi] 126 (Ja) 

Subclavian Steal Syndrome 

left carotid steal, new 
macker] 399 (Ap) 

Sublimaze see Fentany! Citrate 

Sulfamylon Cream see Mafenide Acetate 

Surgery see also Postoperative Complications 

antibiotics in [Hunt] 148 (Fe) 

education of Chinese surgeon [Roth] 350 (Mr) 

education of surgeon [Fry] 872 (Au) 

general, diagnostic sonography in [Hill] 1089 
(Se) 

general, problems in patients with spinal cord 
injuries [Charney] 1083 (Se) 

measure of a surgeon [Campbell] 464 (My) 

operative choice and technique following pan- 
creatic injury [Anane-Sefah] 161 (Fe) 

simple vs complicated, ‘‘doctor’s dilemma”’ 
[Warren] 1425 (No) 

specialization and superspecialization in sur- 
gery (letter) [Berguer] 224 (Fe) 

surgeons and cancer [DeCosse] 370 (Ap) 

surgical house call [Warren] 871 (Au) 

Surgery, Plastic 

reconstruction after 
246 (Mr) 

Surgical Diathermy see Electrocoagulation 


splenic abscess 


observation [Shu- 


mastectomy [Goldwyn] 
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fistula from [Mohr] 806 (Jy) 

sudden death from ruptured intercostal artery 
aneurysm, late complication of thoracotomy 
[Heifetz] 1258 (Oc) 


Dallo] 281 
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control of arteriovenous fistula of splenic ves- 

sels by Fogarty catheter [Zelch] 329 (Mr) 
Splenic Neoplasms 
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colorectal anastomosis [Fain] 1079 (Se) 
Surgical Replantation see Reimplantation 
Sutures 
permanent gastrostomy, use of gastrointestinal 
anastomotic stapler [Webster] 658 (My) 
use of mechanical suturing apparatus in low 
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transsacral repair of rectal prolapse [Hagi- 
hara] 343 (Mr) 


control of arteriovenous fistula of splenic ves- 
sels by Fogarty catheter [Zelch] 329 (Mr) 


axillary hidradenitis [Anderson] 69 (Ja) 
exocrine glands (letter) [Arnold] 847 (Jy) 


Saphenous Vein conventional splenorenal shunts, reconsideration 

surgeon, spare that saphema! [Knapp] 848 [Pliam ] 588 (My) T 
(Jy) end-to-side splenorenal shunt for treatment of 

Sclerosis portal hypertension [Gill] 254 (Mr) Technetium 


sclerosing cervicitis, homologue of . sclerosing 
retroperitonitis and mediastinitis [Rice] 120 
(Ja) 

Secretin 

exogenous, serum calcium responses to [Brad- 

' Jey] 1221 (Oc) 

serum levels of gastrin and, after Exalto- 
Mann-Williamson procedure [Tasse] 1482 


series of 20 successful Warren shunts [Thom- 
ford) 584 (My) 

Staphylococcus 

bilateral spontaneous chylothorax of newborn 
[Bensoussan] 1243 (Oc) 

Sterilization 

chemosterilized antigen-extracted autodigested 
alloimplant for bone banks [Urist] 416 (Ap) 

Sterilization, Tubal 


radioisotope detection of venous thrombosis, 
venous scan vs fibrinogen uptake test [Pol- 
lak] 613 (My) 

Testis 

staged orchiorrhaphy, therapeutic procedure in 
eryptorchic testicle with short spermatic cord 
[Zer] 887 (Ap) 

Thoracic Duct 


(De) ae à . skin homograft survival in humans after lym- 
Septicemia renee hal injury to ureter during [Irvin] phocyte depletion by prolonged drainage of 
glucocorticoid and antibiotie effect on experi- Stomach [Levine] 736 (Je) 


mental gram-negative bacteremic shock [Pit- 


compensatory hypertrophy of ileum after gas- 


Thoracic Injuries 


cairn] 1012 (Au) troduodenoijed : : rupture of thoracic aorta following blunt trau- 
jejunal exclusion [Tilson] 309 $ 

Serotherapy (Mr); (letter) [Young] (reply) [Tilson] ma [Gazzaniga] 1119 (Se) ) ; 

chemotherapy, BCG, and serum from tumor- 1049 (Au) treatment of flail chest, use of intermittent 


bearing mice, comparative effects on growth 
and spread of mouse Lewis lung cancer 
[Greager] 901 (Au) 

Shock 

cyclic AMP response to epinephrine and [Mc- 
Ardle] 316 (Mr) 

experimental gram-negative bacteremic, gluco- 
corticoid and antibiotic effect on [Pitcairn] 
1012 (Au) 

- multiple, progressive, or sequential systems 
failure, syndrome of 1970s [Baue] 779 (Jy) 
unusual manifestations of pemetrating cardiac 

injuries [Fallah-Nejad] 1357 (No) 
Shock, Cafdiogenic 
patient selection for cardiac surgery in left 
te mana power failure [Cascade] 1363 
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competency test after fundoplication for treat- 
ment of reflux esophagitis [Safaie-Shirazi] 
221 (Fe) 

esophagogastric fistula, complication of com- 
bined operations for esophageal disease 
[Mullen] 826 (Jy) 


‘fiberoptic endoscopy in treatment of corrosive 


injury of [Chung] 725 (Je) 

more on fundoplication (letter) 
1517 (De) 

Stomach Diseases 

acute, after cutaneous thermal injury [Czaja] 
600 (My) 

Stomach Neoplasms 

membranous glomerulonephritis, initial symp- 
tom of gastric carcinoma? [Weintroub] 833 
(Jy) 


[Mullen] 


mandatory ventilation and positive end-ex- 
piratory pressure [Cullen] 1099 (Se) 

Thorax 

definitive diagnosis of pulmonary lesions in 
leukemia and lymphoma, supportive role of 
thoracic surgery [Marty] 1199 (Oc) 

split rib technique, approach to thoracic cav- 
ity [Narodick] 442 (Ap), (letter) [Taricco] 
1516 (De) 

sudden death from ruptured intercostal artery 
aneurysm, late complication of thoracotomy 
[Heifetz] 1253 (Oc) 

Thromboembolism 

in vitro evaluation of inhibitors of platelet re- 
lease and aggregation [Rosenberg] 980 (Au) 

what kind of elastic stocking? (letter) [Sigel] 
449 (Ap) 


Subject Index 1541 


f 










=u << 


veaous scan vs fibrinogen uptake test [Pol- 


Jak] 613 (My) 


vascular surgery, maturity or fragmentation? 
[Warren] 109:603 (No); correction, 110:225 
(Fe) 

Thrombosis 

iliofemoral, inferior vena cava interruption, 
new indication? [Pollak] 1008 (Au) 

late, affecting one limb of aortic bifurcation 
graft [Najafi] 409 (Ap); (letter) [Gaylis] 
1155, (reply) [Najafi] 1156 (Se) 

low-dose heparin in postoperative patients, pro- 
spective, coded study [Covey] 1021 (Au) 

natural history of bilateral aortofemoral by- 
pass grafts for ischemia of lower extremities 
[Malone] 1300 (No) 

Thrombosis, Venous see Thrombophlebitis 

Thymus Extracts 

survival of cardiac xenografts, effect of anti- 
thymocyte serum and enhancing heteroanti- 
serum [Corry] 1143 (Se) 

Thyreid Gland 

enlargement, application of ultrasound to study 
of, management of 450 cases [Rosen] 940 
(An) 

Thyreid Neoplasms 

application of ultrasound to study of thyroid 
enlargement, management of 450 cases 
[Resen] 940 (Au) 

carcinoma, panel by correspondence [DeCosse] 
783 (Jy) 

management of parathyroid glands in surgery 
for medullary carcinoma [Block] 617 (My) 

needle aspiration biopsy for (letter) [Hei- 
mann] 1517 (De) 

Tissue Banks 

chemosterilized antigen-extracted autodigested 
alleimplant for bone banks [Urist] 416 (Ap) 

Tissue Preservation 

canine kidney, for 24 to 72 hours, use of intra- 
cellular-like perfusate [Aguilo] 202 (Fe) 

organ preservation in success of cadaver trans- 
plants [Toledo-Pereyra] 1031 (Au) 

Tooth Extraction 

necrotizing fasciitis complicating 
[Richardson] 129 (Ja) 

Torulosis see Cryptococcosis 

Transplantation see also Kidney Transplanta- 
tion; Skin Transplantation; Tissue Preserva- 
tion 

alterations in kinins of coronary blood from rat 
heart homografts [Lemmi] 1070 (Se) 

aorterenal arterial autografts, late observa- 
tions [Lye] 1321 (No) 

human parathyroid autotransplantation, proved 
function by radioimmunoassay of plasma 
parathyroid hormone [Hickey] 892 (Au) 

organ preservation in success of cadaver trans- 
plants [Toledo-Pereyra] 1031 (Au) 

survival of cardiac xenografts, effect of anti- 
thymocyte serum and enhancing heteroanti- 
serum [Corry] 1143 (Se) 

Transplantation Antigens see Histocompatibil- 
ity Antigens 

Transplantation Immunology see also Graft 
Rejection; Immunosuppression 

host response to implanted Dacron grafts, 
comparison between mesh and velour [Til- 
ney] 1469 (De) 

leukecyte aggregation test, immunodiagnostic 
applications and immunotherapeutic impli- 
cations for clinica] rena] transplantation 
[Kahan] 984 (Au) 

Transposition of Great Vessels 

simple, Blalock-Hanlon procedure for [Herr- 
mann] 1387 (No) 

Transudates see Exudates and Transudates 

Trauma see Wounds and Injuries 

Tricuspid Valve 

atresia, palliation of, Potts-Smith, Glenn, and 
Blalock-Taussig shunts [Williams] 1383 (No) 

Tube Feeding see also Gastrostomy 

new use for catheter duodenostomy, postopera- 
tive enteric alimentation [Oakes] 845 (Jy) 
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Ultrasonics 
accuracy of ultrasound in diagnosing abdominal 
masses [Richardson] 933 (Au) 
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detection of vencus thrombosis, 


enlargement, management of 450 cases 
[Rosen] 940 (Au) 

detection and localization of intra-abdominal 
abscesses by diagnostic ultrasound [Friday] 
335 (Mr) 

diagnostic sonography in general surgery 
[Hill] 1089 (Se) 

primary abdominal wall abscess diagnosed by 
ultrasound [Weiner] 341 (Mr) 

ultrasound and abdominal abscesses [Smith] 
245 (Mr) 

ultrasound evaluation of microanastomosis 
[Van Beek] 945 (Au) 

Umbilical Artery 

catheterization for neonatal monitoring, seri- 
ous complications after [Marsh] 1208 (Oc) 

US Veterans Administration 

solitary pulmonary nodule, 10-year follow-up of 
VA-Armed Forces Cooperative Study [Hig- 
gins] 570 (My) 

Ureter 

injury during laparoscopic tubal sterilization 
[Irvin] 1501 (De) 

Ureteral Obstruction 

successful management of calicea] fistulas fol- 
lowing renal transplantation [Schiff] 1129 
(Se) 

Urinary Calculi 

biliary calculi and, pathogenesis following small 
bowel bypass for obesity [Wise] 1043 (Au) 

Urinary Catheterization 

in anorectal surgery [Scoma] 1506 (De) 

Urinary Fistula 

successful management of caliceal fistulas fol- 
lowing renal transplantation [Schiff] 1129 
(Se) 

Urinary Tract 

some clinical implications of adrenergic recep- 
tors in [Caine] 247 (Mr) 

urologic problems in renal transplantation 
[Leary] 1124 (Se) 
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Vagina 

rectovaginal separation operation after “cut- 
back” procedure for anorectal anomalies 
(Burrington] 471 (My) 

Vagotomy 

acute perforated duodenal ulcer, evaluation of 
surgical management [Sawyers] 527 (My) 

gastric, truncal, and truncal with pyloroplasty, 
effects of volume and composition of canine 
gallbladder bile [Wilbur] 792 (Jy) 

management of recurrent ulcer [Lindenauer] 
531 (My) 

truncal, and pyloroplasty for duodenal ulcer 
[Brooks] 822 (Jy) 

Vascular Diseases 

noninvasive study of extremity perfusion by 
potassium 43 scanning [Miyamoto] 58 (Ja) 

prognostic indicators in femoropopliteal recon- 
structions [Dean] 1287 (No) 

Vascular Surgery 

aortic insufficiency secondary to aortic root 
aneurysm or dissection [Najafi] 1401 (No) 

bovine heterografts and autogenous veins as 
canine arterial bypass grafts [Weyman] 
746 (Je) 

crossover femorofemoral grafts followed up 
5 years or more [Brief] 1294 (No) 

intraoperative arteriography during femoral- 
popliteal bypass [Liddicoat] 839 (Jy) 

late thrombosis affecting one limb of aortic 
bifurcation graft [Najafi] 409 (Ap); (letter) 
(Gaylis] 1155, (reply) [Najafi] 1156 (Se) 

maturity or fragmentation? [Warren] 109:602 
(No); correction, 110:225 (Fe) 

natural history of bilateral aortofemoral bypass 
grafts for ischemia of lower extremities 
[Malone] 1300 (No) 

operative arteriography, new variation [Pink- 
erton] 841 (Jy) 

prognostic indicators in femoropopliteal recon- 
structions [Dean] 1287 (No) 

routine intraoperative angiography, essential 
adjunct in [Dardik] 184 (Fe) 

secondary arterial repair, management of late 
failures in reconstructive arterial surgery 
[Szilagyi] 485 (My); correction, 1256 (Oc) 
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patch angioplasty, treatment 

of infants and young children with aerta 
coarctation [Thibault] 1095 (Se) 

surgeon, spare that saphena! [Knapp] 848 (Jy) 

time in which we dwell [Callow] 1273 (No) 

ultrasound evaluation of microanastomesis 
[Van Beek] 945 (Au) 

Vater Ampulla 

serendipitous passage of common duct stone fol- 
lowing ampullary cannulation [Eutsch] 433 
(Ap) 

spasm and operative cholangiography [Ches- 
sick] 53 (Ja), (letter) [Horn] 1049 (Au) 

Veins 

bovine heterografts and autogenous veins as 
canine arterial bypass grafts [Weyman] ‘746 
(Je) 

leiomyosarcoma of a vein, survival] for 6 years 
[Nesbit] 118 (Ja) 

total intravenous nutrition with peripherally in- 
serted silicone elastomer central venous 
catheters [Hoshal] 644 (My) 

type of compression for reducing venous stasis, 
study of lower extremities during inactive 
recumbency [Sigel] 171 (Fe) 

venous atherosclerosis associated with arterio- 
venous fistulas for hemodialysis [Stehbens] 
176 (Fe) 

Vena Cava, Inferior 

interruption of, new indication? [Pollak] 1008 
(Au) 

Venous Thrombosis see Thrombophlebitis 

Ventilation-Perfusion Ratio 

retrograde aortic perfusion by partial] cardio- 
pulmonary bypass, effect of mixing on mea- 
sured arterial oxygen tension [Hanson] 86 
(Ja) 


Western Surgical Association 

82nd annual meeting, San Francisco, Nov 26-23, 
1974, papers, 464-682 (My) A 

president’s address, measure of a surgeon 
[Campbell] 464 (My) 

Wilson Disease see Hepatolenticular Degen- 
eration 

Wiscott-Aldrich Syndrome see Aldrich Syn- 
drome 

Wound Healing 

isolation and purification of mediators of cell 
proliferation [Kunkel] 884 (Au) 

perfusion of ischemic uleers of the extremity, 
prognostic indicator of [Siegel] 265 (Mr) 

Wounds and Injuries 

isolation and purification of mediators of cell 
proliferation [Kunkel] 884 (Au) 

multiple, progressive, or sequential systems fail- 
ure, syndrome of 1970s [Baue] 779 (Jy) 

operative choice and technique following pan- 
creatic injury [Anane-Sefah] 161 (Fe) 

pancreatoduodenectomy for combined pancre- 
atoduodenal injuries [Yellin] 1177 (Oc) 

renal trauma, treatment by angiographie in- 
jection of autologous clot [Silber] 206 (Fe) 

surgical treatment of popliteal artery injuries 
[Conkle] 1351 (No) 

trauma to appendix [Geer] 446 (Ap) 

vascular injuries associated with fractures of 
femur [Rosental] 494 (My) 

wound botulism [Cherington] 436 (Ap) 

Wounds, Gunshot 

operative choice and technique following pan- 
creatic injury [Anane-Sefah] 161 (Fe) 

pancreatoduodenectomy for combined pancre- 
atoduodenal injuries [Yellin] 1177 (Ocy 

supraceliac pseudoaneurysm of abdominal aor- 
ta, staged repair employing preliminary 
axillary-femora]l bypass [Ernst] 211 (Fe) 

trauma to appendix [Geer] 446 (Ap) 
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Xenografts see Transplantation 

Xenon 

intestinal blood flow, evaluation by clearance of 
Xe 133 from canine jejunum [Wilson] 797 
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Zollinger-Ellison Syndrome 

gastrin determinations in symptomatig patients 
before and after standard ulcer perationse 
[Stremple] 875 (Au) 
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